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PART NUMBER INDEX I PART NUMBER PAGE PART NUMBER PAGE 

COM 1553A 27 CRT 9007 335 

COM 1553B 43 CRT 9021 355 

COM 1671 59 CRT 9028 367 

COM 1863 75 CRT 9041 383 

COM 2017 83 CRT 9128 367 

COM 2449 91 CRT 9212 399 

COM 2502 83 FOC 765A 407 

COM 2601 107 FOC 1791 423 

COM 2651 115 FOC 1792 423 

COM 2661 127 FOC 1793 423 

COM 5025 139 FOC 1794 423 

COM 7210 151 FOC 1795 423 

COM 8004 163 FOC 1797 423 

COM 8017 169 FOC 7265 407 

COM 8018 75 FOC 9216/B 439 

COM 8251A 177 FOC 9229T/BT 443 

COM 8502 169 FOC 9791 451 

COM 9004 193 FOC 9793 451 

COM 9026 201 FOC 9795 451 

COM 9032 217 FOC 9797 451 

COM 5016/T 225 HOC 1100-01 467 

COM 5026/T 227 HOC 1100-12 471 

COM 5036/T 229 HOC 1100-03 475 

COM 5046/T 231 HOC 1100-04 479 

COM 8046/T 237 HOC 1100-05 483 

COM 8116/T 239 HOC 7261 487 

COM 8126/T 241 HOC 9224 489 

COM 8136/T 243 KR 2376 527 

COM 8146/T 245 KR 3600 531 

CRT 5027 259 KR 9600 539 

CRT 5037 259 KR 9601 539 

CRT 5047 267 KR 9602 539 

CRT 5057 259 SR 5015 553 

CRT 7004 269 SR 5017 557 
CRT 7220 275 SR 5018 557 

CRT 8002 299 MPU 800 563 

CRT 8002H 313 MPU 810A 587 

CRT 8021 321 MPU 830/831 599 

CRT 9006 329 SCF 9034 253 
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FUNCTIONAL INDEX 
~ Data Communication Products 

Deecrlption 
MIL-STD·l553 (Ma.nob.ester) Interface 
Controller 
MIL·STD·l553B (Manchester) Interface 
Controller 
Asynchronous Synchronous 
Transmitter/Receiver, :Full Duplex, 5-8 
data. bit, lX or 32X clock 
Universal .Asynchronous Receiver/ 
Transmitter, Full Duplex, 5·8 data bit, 
1, 11/11, 2 stop bit, enhanced distortion. 
margin 
Universal Asynchronous Receiver 
Transmitter, Full Duplex, 5·8 data bit, 
1, ll/2, 2 stop bit· 
RS 449 Compatible Universal 
Synchronous/Asynchronous 
Receiver/Transmitter 
Universa.l .Asynohronous Receiver/ 
Transmitter, :Full· Duplex, 6·8 data. bit, 
1,2 stop bit 
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.....::·~·-···- I Baud Bate Generator 
rm~~~M:~ 
~ 

:Power 
PartlfumbU Description l'eaturu SUp:pli• 1>-.cka•e Page 

/COM 5016 Dual Baud Rate Genera.tor On·chip oscilla.tor or external +6,+12 18 DIP 225·226 
frequency input •. 

COM 50l6T(l) 

COM5026 

I COM 5026T <ll 

COM5036 
. _._ 

COM 5036T ( 1 l 

COM.5046 

COM 6046T ( 1 l 

COM.8046 

C0MaQ46'1'<11 . 
COM8116 

ICOM8P~'l'of 

COM8126 
.•. 

()OM8126T{0 
: ... :• 

COM~~36·· 

COM 6l36Tl}l 
': 

COM8146. :" 

OOM .. 8146T{l) 

Dual Ba.ud Rate Generator External frequency input +6,+12 
Sin8le Baud Ra.te Genera.tor On·chip oscillator or external +6, +12 

frequency input ~ 

Single Baud Ra.ta Genera.tor External frequency input +s. +12 
Dual Baud 'Rate Genera.tor COM 5016 With additional +5,+l2 

output of input fre®ency + 4 
Dual Baud Ra.te Generator COM 6016T with additional +5,.+12 

output of input fi'equency + 4 . 
Single Baud Rate Generator COM 5028 With additional +5,+l2 

output of input frequency + 4 
Single Baud Rate Genera.tor COM B026T With additional +5, +12. 

.. ..:;. output of input fre®ency + 4 
Sin8le Baud Rate Genera.tor 32 baud rs.tea; lX, 16X, 32X 

... 
clock outputai Sin8le +5 volt 

. '. .: supply . .. :: ... ·• 
Sin8le Ba.ud'Rate Generator COM 8046 With external •+e 

frequency input only : .. "· .. 
Dual Baud Rate Genera.tor :• · Single +6 volt version of +5 

.::... COM5016 
· Dual Ba.tid Rate Genera.tor Single +5 volt version of .:.. l_._:_:-;+f_:. COM 5016'!' .. ..:... :..:... 

SJ.ngle Batid Rate Generator · '. Single +s volt yersion of j +a:c······.· 
.. 

~ COM5026 .. •. \ 
Single Baud Rate Generator Single +5 volt version of ••·' .. ·· · \ · ·. •: 1·····;.·,Dtti ·'L COM 5026T : . :.. <:.~ < 

DUa.l Batid Rate Generator Single+5 Volt version of < : ::f5 
. 

. · . 
~ COM 5036 L> < ·.· > ·:·· 

Dual Bau.d Rate Genera.tor Single +5 volt version of l ''~5 .. 
:. 

..;:.. . COM5036T 
S~e Baud Rate Genera.tor Single +5 volt version of I lft··: OOM5046 
S!ngle Baud Rate Genera.t()r S!ngle +a volt version of 

·~ Ji+f ' COM5046T . .2.. · :.'. 

< ... -~~1 Keyboard Encoder 
~-\U""lVY'. 

'''Maybe custom mask programmed 
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18D!P 226·226 . 
14 DIP . 227·228 

14 DIP 227·228 
18DIP 229·230 

18 DIP 229~239 : 

l4DIP 231·232 

14DlP 231·232 

. 
16DIP . 237,235 

.::. . 
l6'DIP 237·238 •• 

;. 

lSDlP 239·240 

lSDIP 239·240 
..:....'.. 

c1~m7.,: .. . . 
~~l'.2~2 '. 

;:.:!~~··.' ·'<>.lll.o.iro 

: I 2L .::':. 
I 18,DIP: : ... 

I•." •. ) ..... · .... .·: 
lBDIP 243~244 

Tt4 _rn; : • :~4~·f46• 

t· 14 ~ 245·246 . .J 
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1~1 CRT Display 
TIMING CONTROLLERS 

•· . 
Dia play lll'ax »owe,.-

JU11"\Un.'btl' Dacriptio:o. J'eatw.'e• :ronn.a.11 ClOck &uil!l18' '•~· CRT602'7 
..,. 

programmable 4MRZ +6,+12. prov:tdea all of the 
CRT6037 ti.mlng a.nd control balanced beam interlace programmable 4MH:t :+5,+12 
CR'l'60470> for interlaced and .ttx:edformat eooolumn 4MH:t +5,+12 , 

non·tnterlaced CRT 
: 

Clil.T605'7 
011.T,'1'220, 
·-1 .... 2 

OE'l'900'l' 

CR.T90lll8(l)' · 
/9128 ...... . 

Ol1.T8002H 

O:P.T 8002A n.G l 

O:P.T 8002B tul) 

ORT 80020i1.3) 

Oll.T7004:S <1·•l 

O:RT 70040 <lM 

24row ·..:__ . 
display 

line-look ·~ programmable 4MHz +e,+12 
Graphics DI.Splay Intelligent graphics l024:x l024Pixel 4/6/6.6 +a 
Controller display controller MHz . : .. ~ : . 
CRT v:tdeo processor sequential or row· programmable 4MHz +a 
and controller ..:.:.. table driven memory ··.:.:.. ·: 

VIDEO TERMINAL LOGIC CONTROLLER 

J)eacrf.pti6n 
Complete CRT Video pro· 
ces$or and controller: 
Display and attr1bute 
control for al pha.riu • 
merlo and graphics dis· 
play, Two type$ of 
processo!' interface slit· 
nale llliferent!ate the 2 
pa.rte. 6 x 8 chuacter 
genera.tor. Video shift 
registe!'. 

Feature a 

Separate dis· 
pJa,ymemory 
eliminates con· 
tent1on, 
smooth scroll, 
status row. 

l>iaplay :Format 

programmable 
Attributes 

Reverse Video; · 
blank, blink, 
underline, 
intensity 

VDAC™ DISPLAY CONTROLLERS 
lll'ax 

Deecription Diaplay Attributes mock 
ProVides complete 7 x 11 dot matrix, reverse Video 26MHz 
·display and attr1· Wide graphics, blank 
butes control for thin graphics, blink. 
alphanumeric and on-chip cursor underline 20MHz 
graphics display. strike·thru 
Consists of'i' x 11 x 128 
character generator, 

lBMHz Video shift regtster, 
latches, graphics and 
attributes c1rcu1ts. 

lOMHz 

CHARACTER GENERATORS 

l>eacri»tion 

7 x 11 x 128 oha.raoter generatur, 
la.tchea, Video shift register 

lll'ax 
:rreuuency 

20MHz 
15MHz 
lOMH:t 

ROW BUFFER 

Power 
Supply 

+6 

OltT ~212 8 bit wide serial casoe.d.able double row buffer 
memo:rY fol' CRT or Printer 

VIDEO ATTRIBUTES CONTROLLERS 

Attributes 
f\Jphanurneric, wide . . Reverse Video •. 
graphics, thm graphic$, blank, blink, 
9xHhip cursor underline; 

str1ke-thrti 

Alphariumerio, Wide . . Rever,seVideo, 
graphics, thin graphics, blank, blink. 
on-chip curso,r, double underline, 
height, double width tntensicy 

i 

40DIP 
.i.. 40:0lP 

40:0IP 

40DIP 
40DlP 

40.t>l~> 
;;,_' 

'
1 'May be custom mask programmed 

'•'For future release 
VT!OO is a registered trademark of Digital Equipment Corp. 

'"Also available as CRT 8002A,B,C-001 Katakana 
CRT8002A,B,C-003 5X7 dot matrix 

"'Also available as CRT7004A,B,C-003 5X7 dot matrix 
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26{;H:!66 

·269:266 

.2~7·2l3a .•;; 

269·266 .. 

276~298. 
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ffiij\- Floppy Disk/Bard Disk 
fT Part ··. Sector/ Data Side Select Power 

Number Description Format Density Bus Output Supplies Package 
FDC766A Floppy Disk Controller! Soft Double True Yes +.e· .·. 40DIP 

Formatter 
FDC1791 Floppy Disk Controller/ Soft Double Inverted No +5, +12 40DIP 

Formatter 
FDC1792 

.. Floppy Disk Controller/ Soft Single Inverted No +5, +12 40DIP 
Formatter 

FDC1793 Floppy Disk Controller/ Soft Double True No +6, +12 40DIP 
Formatter 

FDC1794 Floppy Disk Controller/ Soft Single True No +6, + 12 40DIP 
Formatter 

FDC1796 
··.· .. ···. 

Floppy Disk Controller/ Soft Double Inverted Yes +5,+12 40DIP 
Formatter . 

FDC1797 Floppy Disk Controller/ Soft Double True Yes . ··· +5,+12 40DIP 
•· .. Formatter •. . .• 

FDC7265 Micro Floppy Disk Soft Double True Yes +6 
.· 

40DIP 
Controller Formatter i_ ..::... <.: . 

<•' 
...::_ 

FDC9216/B Floppy Disk Data Separator Soft/Hard Double NA NA· .. +5 2 8DIP 
FDC9229T/BT Floppy Disk Data Separator, Soft/Hard ·Double NA .·. +5 . 20DIP 

Head.LoadTimer,write 
. 

..;;;.·. ·• 
·.\ . · precompensation generator [ 

. -'-' 
. 

..:. 
FDC9791 Floppy Disk.Controller · Soft Double Inverted No r·· 40DIP Formatter . I ... . 

•Fp997£l3 .• \ i Floppy Disk Controller Soft Double···.· True No +5 4bDIP 
..:. .... Formatter .·· ... . .•· 

1 FDC9795 .·.·.· Floppy Disk Controller Soft Double Inverted Yes··.···· +5 40DIP 
..::..l:....::. .·.·.~ Formatter .·. ·.·•· .. 

FDC9797 Floppy Disk Controller . So~ Double True Yes +5 40DIP 
... Formatter .. ·.• L 

I 
•· ... :. 

HDC7261'2i Hard Disk Controller Soft/Hard Double True ~ Yes +6 40DIP 
I H J{ " Hard/Floppy Disk Controller Soft Double Trtie I Yes .. ·. . .... 40DIP 
I 

--~ 

Up to 4 drives With tape .... 1·· 

l .· · ! back~up: 
. 

.:.:.. -'-' 

~Microprocessor Products 
Part . \ 

Number "~ Description 
MPU800 ;.;;_J_ Microprocessor ·~ 

MPU800·l Microprocessor 
MPU800"4' Microprocessor . 
MPU810A<· ...••.. RAM~ItO~Timer ... · 

. 

MPU810A~l RAM>I!O-Timer 
. . · 

M:PU810A-4 RAM ·I/O~Timer 
···.·. 

MPU830 ROM~I!O ····· = . 
MPU830-l ROM-I!O ·• ... ·•. 

MPU830~4 ROM~I/O .. 

MPU831 IIO 
MPU831~1 IIO ·.• ·• 

MPU831-4 I/O~ .. · ...•. · .:.:.. . -'-' 

J84 STANDARD MICROSYSTEMS CORP. 

... . 
Size Process Speed 

- 8Bit ..::... 
.· .. ·CMOS 2.5MHz ... 

8Bit . CMOS·.· l~OMHz 

8Bit~ CMOS 4.0MHz 
8Bit CMOS 2.5MHz 
8Bit .. CMOS· LO MHz 

. c 8 Bit .• I CMOS .. 4.0MHz 

i 8Bit CMOS 2.5MHz 
8Bit .· CMOS l.OMHz 
8Bit CMOS 4.0MHz· ·• 
8Bit 

-'-' CMOS 2.5MHz 
.· 8Bit CMOS 1.0MHz 

8Bit CMOS 4.0MHz 

STANDARD MICROSYSTEMS 
CORPORATION,iiiEE 

7 

~M.ircusAl~r1 HiluDOauge NY117Ba 
151612733100 •TWX 510227 Bf98 

Power 
Supplies-"- Package 

=5V ..• 40DIP 
..· 5V ·.·· 40DIP 

5V .. 40DIP. 
5V 40DIP 

I 5V .· 40DIP 
I• 6V 40DIP .· 

5V 
-'-' ..:.c.. 40DIP 

5V --'-- 40DIP 
.· . 6V · ... • 40DIP 

I• BV ;.;;. 40DIP 

-'-' 5V < 40DIP 
5V ·. 40DIP 

. 

... 

I 
Page 

407·422 

423~438 

423-438 

423-438 

423-438 

423·438 

423-438 

423-438 

439-442 
443-450 

451-467 

451-467 
.. 

461-467 

451~467 . 
487-488 
489-524 

Page 
563-586 
663-686 
563-586 
587~598 

587-598 
687~598 

599-606 
599~606 ··. 
599-606 
599-606 

699-606 
599-606 



SMC CROSS 

Description SMC AMI Fairchild General Harris Intel lnte 
Part# Instrument 

UART (1112 SB)** COM 2017 S1883 - AY 5-1013A - - -

UART (1, 2 SB)** COM2502 - - AY 5-1013 - - -

UART (n-Channel)** COM 8017 S6850* F6850* AY 3-1015 HM6402* - IM6' 

UART (n-Channel)** COM8502 - - AY 3-1015 HM6403* - IM6' 

UART (n-Channel)* COM 1863 S1602 - - - - -

USRT COM 2601 S2350* - - - - -

ASTRO COM 1671 - - - - - -

PCI COM 2651 - - - - - -

EPCI COM 2661 - - - - - -

USART COM 8251A - - - - 8251A -

Multi-Protocc COM5025 S6852* F3846* - - - -
USYNRT F6856* 

IEEE-488 COM 7210 - - - - - -

Dual Baud Rate Gen. COM 5016/36 - - - - - -
COM 8116136 

Single Baud Rate Gen. COM5026/46 - F4702* - HD4702* - -
COM 8126/46 HD6405* 

90 Key KB Encoder KR9600 - - AY 5-3600 - - -

CRT Controller CRT5037 - - - - 8275* -

Character Generator CRT7004 S8564* - - - - -

Character Generator/ CRT8002 - - - - - -
Display Controller 

Graphics Controller CRT7220 - - - - 82720 -

Hard Disk Controller HDC7261 - - - - - -

Shift Register SR5015 S2182/3/5 - - - - -
' 

CMOS Microprocessor MPUBOO - - - - - -

CMOS RAM-1/0-Timer MPU810A - - - - - -

CMOS ROM-1/0 MPU830 - - - - - -

CMOS Input/Output MPU 831 - - - - - -

*Functional Equivalent 
**Most UART'S are interchangeable; consult the factory for detailed information on interchangeability. 
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~EFERENCE GUIDE I 
imodore Solid Texas Western 
:Mos Mostek Motorola National NEC Signetics State Synertec Instruments Digital 
mo logy) Scientific 

- - - MM5303* - - - - TMS6011 TR1602 

- - - - - 2536 - - - TR1402 

- - MC6850* - - - SCR1854* - - -

- - - - - - - - - TR1983* 

- - - - - - - - - TR1863 

- - - - - - - - - -

- - - INS1671 - - - - - UC1671 

- - - INS2651 - 2651 - - - -

- - MC2661* - - 2661 - SY2661 - -

- - - INS8251 µPD8251A - - - - TR1983* 

- - 2652* 6852* - 2652* SND5025 - - SD1933* 

- - - - µPD7210 - - - - -

BR1941 - - - - - - - - - BR1943/45 

- - MC14411* MM5307* - - - - - -

CS1009* - - MM5740* - - - - TMS5001 -

- MK3807 MC6845* DP8350* - - SND5027 6545* TMS9927 -
SND5037 

- -
MCM66700* DM8678* - 2609* - - - -MC6570* 

- - - - - - SND8002 - - -

- - - - µPD7220 - - - - -

- - - - µPD7261 - - - - -

- MK1007* - 5054* - 2532* - - TMS3113* -TMS3114* 

- - - NSCSOO - - - - - -

- - - NSC810A - - - - - -

- - - NSC830 - - - - - -

- - - NSC831 - - - - - -

For Floppy Disk Controllers-See Next Page 
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FLOPPY DISK CONTROLLERS 

Description SMC Fujitsu NEC Synertec Western Intel Siemens Part# Digital 

Floppy Disk Controller FDC 1791-02 MB8876 - SY1791-02 FD 1791-02 - SAB-1791 

Floppy Disk Controller FDC 1792-02 - - - FD1792-02 - -

Floppy Disk Controller FDC 1793-02 M8877 - SY1793-02 FD 1793-02 - SAB-1793 

Floppy Disk Controller FDC 1794-02 - - - FD 1794-02 - -

Floppy Disk Controller FDC 1795-02 - - - FD 1795-02 - SAB-1795 

Floppy Disk Controller FDC 1797-02 - - - FD 1797-02 - SAB-1797 

Floppy Disk Data Separator FDC 9216 - - - FD 1691* - -

Floppy Disk Controller FDC765A - µPD765A - - 8272 -

Micro-Floppy Disk Controller FDC 7265 - µPD7265 - - - -

*Functional Equivalent 

10 



Innovation in microelectronic technology is the key to 
growth at Standard Microsystems. 
Since its inception, Standard Microsystems has been a leader in creating new tech
nology for metal oxide semiconductor large scale integrated (MOS/LSI) circuits. 

For example, while the first MOS/LSI processes were p-channel, itwas recognized 
very early that an n-channel process would greatly improve switching speeds and 
circuit density. However, the fundamental problem of parasitic currents needed to 
be solved. The research and development staff at Standard Microsystems recognized 
this problem and directed its energy toward the development of its now-famous 
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally 
oxidized structure which produces high-speed, high-density n-channel IC's. 

In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the ability to 
design dense, high-speed, low-power n-channel MOS integrated circuits through the 
use of one external power supply voltage. 

Again recognizing a need and utilizing its staff of qualified process experts, Stan
dard Microsystems developed the CLASP® process. The need was for fast turna
round, easily programmable semi-custom LSI technology. The development was 
CLASP®, a process that utilizes ion implantation to define either an active or passive 
device which allows for the presence of a logical I or 0 in the matrix of a memory or 
logic array. This step is accomplished after all wafer manufacturing steps are 
performed including metalization and final passiviation layer formation. Thus, the 
wafer can be tested and stored until customer needs dictate the application, a huge 
saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide
spread industry recognition. In fact, many of the world's most prominent semicon
ductor companies have been granted patent and patent/technology licenses covering 
various aspects of these technologies. The companies include Texas Instruments, 
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of 
polycrystalline silicon and thereby dramatically decrease internal time constants in 
MOS devices. Their work has culminated in the successful completion of a program 
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate
rial, titanium disilicide. This has enabled Standard Microsystems to become the first 
semiconductor manufacturer to market and sell MOSNLSI circuits which employ a 
metal silicide to replace the conventional doped polycrystalline silicon layer. 

11 
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Our engineering staff follows the principle that "necessity 
is the mother of invention." 
This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®, 
and Titanium Disilicide gate technology, as well as other innovative developments. It 
also brings companies to us to solve tough problems that other suppliers can't. 

But it's a philosophy that involves more than just developing the next generation of 
MOS/LSI devices. 

Such exploration, for example, helped Standard Microsystems recognize the need 
for communication controllers to handle the latest dafa communication protocols. 
As a result, Standard Microsystems was the first to introduce a one-chip LSI controller 
for HDLC protocols-the COM 5025. 

The COM 5025 is so versatile it can actually provide the receiver/transmitter func
tions for all the standard bit and byte oriented synchronous protocols, including 
SDLC, HDLC, ADCCP, bi-sync and DDCMP. 

In another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard Microsystems to develop the CRT 5027 
Video Timer and Controller (VTAC®) that provides all these functions on a single 
chip. This left the display, graphics and attributes control spread over another 20 or 
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in 
the CRT 8002 Video Display Attributes Controller (VDACnr). The COPLAMOS® pro 
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for 
fast turnaround of character font changes through its last stage programmability. 

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and 
timing to 2 devices, drastically reducing the cost and size of today's CRT terminals. 

Another major achievement was the development of the "next generation" Video 
Processor And Controller (VPACM), the CRT 9007. This chip replaces up to 80 SSI 
and MSI TTL devices as well as providing a hardware solution to many of the 
software problems of CRT Video Controller design. 

Achievements like these help keep Standard Microsystems custom and standard 
products in the forefront of technology with increased speeds and densities, and a 
lower cost per function. 

12 



Improvements in processing and manufacturing keep 
pace with advances in semiconductors. 
With the phenomenal growth of the electronics industry, innovation is, of course, 
highly desirable. But if the products are to perform as designed, they also have 
to be reliable. 

That's why at Standard Microsystems we take every means to insure the utmost 
quality and dependability. Consequently, "state-of-the-art" applies not only to our 
products, but to the way we manufacture them. 

In wafer fabrication, the latest equipment and techniques are-employed. In addi
tion to conventional processing equipment, we use ion implantation technology 
extensively. We also use plasma reactors for much of our etching and stripping.oper
ations to maintain tight tolerances on process parameters. 

To make plastic packaging immune to moisture, we use a process that deposits a 
protective (passivating) layer of silicon nitride on the device surface. 

Standard Microsystems processes include high and low voltage p-channel metal 
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with 
depletion mode devices, CLASP® and titanium disilicide gate. In general, these 
processes have been engineered so that they are also compatible with most 
industry standard processes. 

One obvious advantage our total capability gives customers, is that they can bring 
us their project at any stage in the development process. For instance, they may 
already have gone through system definition. Or they may have gone all the way to 
prototype masks, and only want production runs. 

It makes no difference to Standard Microsystems. We can enter the process at 
any level. 

Our full service capability lets us make full use of the technologies we develop. We 
can produce any quantity of semiconductors customers may require. And we can 
offer them one of the fastest turnaround times in the industry. 

13 
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Standard Microsystems' Custom Capability. 

Custom MOS. A Small 
Revolution with a Large Impact 
Remarkable advances in semiconductor 
technology, combined with the availability of 
quality, low-cost electronics, continue to open 
new markets for products incorporating micro
electronic components. 

Today, metal-oxide semiconductor/large 
scale integrated (MOS/LSI) circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electrical 
appliances, data communications, bank termi
nals, telephones and a host of other signif
icant applications. 

With further applications for large scale inte
grated and very large scale integrated (VLSI) cir
cuits being discovered every day, one thing is 
certain. They will have a profound effect on our 
lifestyle. 

Custom Commitment 
Standard Microsystems is organized into three 
separate Product Lines; Custom Products, 
Standard Products and Systems Products. Cus
tom Products has its own management, market
ing, and engineering team that is fully dedicated 
to developing and producing custom products. 

Custom MOS/LSI is a major portion of our 
business. Fully one-third of all our revenue is a 
direct result of our custom MOS/LSI projects. 

Over the years, Standard Microsystems has 
developed custom circuits for a wide variety of 
applications: Computers and computer periph
erals, telecommunications and data communi
cations, garage door openers and burglar 
alarms, electronic toys arid games, musical 
instruments and more. Both over-the-air and 
cable T.V. systems have made use of our cus
tom circuits. One company's line of word proc
essing equipment makes almost exclusive use 
of our custom LSI. 

As a company committed to serve the custom 
marketplace, Standard Microsystems has devel
oped the resources and established procedures 
for MOS/LSI circuit development that enables 
the company to resporid rapidly to growing cus
tomer needs. 

14 

System Design-The Alternatives 
The electronic system designer can select from 
several alternatives in the implementation of the 
system. The optimum selection for any system 
will depend upon the relative significance of the 
following factors-

• Costs-developmental, production and 
maintenance; 

•Performance-speed, power dissipation; 
•Form factor-system siz'e and weight; 
•Uniqueness-proprietary features; 
• Development time-product introduction; 
•Reliability-mean time between failures 

(MTBF). 
No single alternative is best for all cases

each respresents a combination of advantages 
and disadvantages to be evaluated for the sys
tem under consideration. The major alternatives 
available are listed below. 

Standard Circuits 
The use of "off the shelf" small scale (SSI), 
medium scale (MSI), or large scale (LSI) inte
grated circuits is appropriate whenever develop
ment costs and time must be kept to a 
minimum, and system performance require
ments can be met by interconnecting numbers 
of such standard components. Standard Micro
systems is a recognized industry leader in 
standard LSI components for the data communi
cations and computer peripheral markets. 

Microprocessors 
These programmable LSI standard circuits can 
be the elements of choice for certain classes of 
systems where there is a good fit between the 
microprocessor capability and the system 
performance requirements. The system parts 
count is reduced at the expense of a longer 
(software) development time. 

Gate Arrays 
A gate array is a semi-custom circuit containing 
a pattern of elements which can be selectively 
interconnected to form the desired logic. The 
interconnections are typically accomplished by 
a customized metal pattern. 

For low to medium volume production, these 
"hardware programmable" circuits can r.educe 
parts count and offer some degree of unique
ness, at modest development cost and time. 



The Custom Option 
Standard Microsystems offers two custom 
design alternatives: fully crafted custom design 
and cell library based designs. Where reduction 
of chip size for lowest production pricing in 
high volume is the dominant factor, the fully 
crafted design method will provide the best 
solution. However, development costs and 
development time will be greatest. Where quick 
turnaround and reduction of engineering costs 
are dominant factors then use of our cell library 
design approach will be the better alternative. 

Regardless of the design approach, a custom 
LSI will provide-

Lowest Overall Cost 
The overall cost savings realized with custom 
LSI can be substantial, especially when high
volume production is encountered. 

Savings are effected in several ways. Because 
custom designed circuits contain only neces
sary components, the cost of unused circuitry 
on standard microprocessors or integrated cir
cuits is eliminated. Costs for troubleshooting, 
repair and warranty claims are reduced. In addi
tion, custom MOS can be more economical over 
SSI and MSI when purchase, inventory and 
assembly costs are considered. Also, when a 
system contains a large amount of SSI and MSI, 
its custom counterpart can significantly reduce 
power consumption. 

Lowest Parts Count 
There are many applications where a single
package custom LSI circuit can out-perform a 
microprocessor and its ROM and RAM circuits 
while reducing costs. A custom LSI unit can rap
idly execute repetitive functions using high 
speed logic. A microprocessor needs time~ 
consuming algorithms to do the same thing. 

Highest Reliability 
Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and solder 
points reduce the failure rate and raise the relia
bility. This means low MTTR (mean time to 
repair), which translates into lower mainte
nance costs and higher customer satisfaction. 

Minimum Size, Weight, Power Dissipation 
The size and complexity of printed circuit 
boards are greatly reduced when using a cus
tom circuit. The custom circuit results in a most 
compact package, specifically designed to per
form only the necessary tasks utilizing mini
mum power and space. 
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Unique Proprietary Features 
Proprietary design is another major benefit. It 
protects your design from would-be copiers 
because it makes testing and support difficult. 
This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicating 
your custom circuit far less probable. 

The Full Design Custom 
Program 
Typically in a custom program where Standard 
Microsystems performs all of the operations
from design through to finished product-the 
following sequence applies: 

Evaluation 
The customer's system characteristics are care
fully evaluated from the information provided 
to determine the feasibility of the custom 
approach, considering such factors as system 
partitioning, functional performance, opera
tional environment, operating speed, power 
requirements, process selection, packag-
ing and testing. 
· If the conclusion is positive, Standard Micro

systems will quickly provide a Quotation to the 
potential customer, which will include-

• a firm development schedule 
• the non-recurring engineering charge (NRE) 
• a production price schedule 

System Definition 
Once the design is authorized, a thorough spec
ification review takes place between Standard 
Microsystems' engineers and the customer's 
engineers. In this critical phase, Standard 
Microsystems' years of successful design expe
rience are applied as an extension of the cus
tomer's design resource in a close working 
relationship. 

Circuit Design 
Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers VAX 11/780, 782, and/or breadboard 
emulators. Circuit simulation is done using 
SPICE, MOSAID, and Standard Microsystems 
written software. 

Artwork Generation 
At Standard Microsystems, device layout is a 
blend of custom "hand-crafting" and sophisti
cated CAD, using our Cal ma GOS I AND GOS II 
color graphics systems, to achieve the optimum 
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composite drawing in terms of size and sched
ule. Check plots are obtained on our Xynetics 
and Versatec plotters, and advanced design rule 
checks (DRC) and electrical rule checks (ERC) 
provide comprehensive artwork verification. 

Mask Fabrication 
Production tooling is obtained from qualified 
mask vendors to Standard Microsystems' exact
ing, above-industry standards. Colored overlays 
of each mask layer are typically used as a final 
check point. 

Wafer Fabrication 
Standard Microsystems offers a variety of pro
cesses, including a CMOS silicon-gate.process, 
and a range of n-channel silicon-gate proc-

esses. We will determine the appropriate proc
ess to satisfy each customer's cost/performance 
requirements. 

All wafer processing is done in our facilities, 
utilizing state-of-the-art equipment. Standard 
Microsystems has made substantial investments 
in direct-step-on-wafer equipment, and 
advanced ion-implantation, sputtering, deposi
tion and plasma etch equipment. 

Assembly 
Standard Microsystems can provide a wide vari
ety of industry-standard packages, including 
ceramic, plastic and CERDIP dual-in-line types, 
flat-packs and chip carriers. The latest in auto
mated equipment, such as our automatic wire 
bonders, insure high quality and high volume 
throughput. 

SMC PROCESS CHARACTERISTICS 
TYPICAL 

CHANNEL SUPPLY 
PROCESS TYPE LENGTH VOLTAGES 
9000 n-MOS 4µ + 5, + 12 

(optional) 
- 5, (optional) 

10000 n-MOS 3µ +5 

2400 CMOS 2-3µ 5 

Customation ™ 

CUSTOMATION™ is the name given to Standard 
Microsystems' cell library design system. It is 
centered around the use of an engineering 
workstation and software design tools supplied 
with that workstation. We are installing our cell 
library on most popular workstations. In cases 
where customers do not have and prefer not to 
acquire a workstation our software can be run 
on a VAX computer. 

Though Standard Microsystems can perform 
the cell array design, most customers prefer to 
take our training course and perform the design 
themselves. The typical steps which are 
involved are listed below: 
(a) Logic Design and Schematic Capture-The 

designer performs the logic design at the 
workstation. He manipulates and inter
connects logic symbols from our library 
constructing the logic schematic of his 
chip and forming a database called a net
list as he goes. This netlist becomes the 

(b) 

(c) 

(d) 

(e) 

(g) 
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MAX. FEATURES/ 
FREQ. COMMENTS 
30MHz n-channel, si-gate 

process, moderate 
to h!.g_h performance. 

45MHz very high performance 
n-channel process. 

60MHz advanced si-gate 
CMOS process. 

basic input to the other software tools that 
analyze, check and translate the design 
as necessary. 
Timing Analysis-The circuit is analyzed 
for speed and timing. Critical paths are 
analyzed to verify that the final chip will 
perform adequately to meet speed 
requirements and that no race conditions 
exist. 
Logic Simulation-The circuit as a whole 
or parts of the circuit are analyzed by a 
logic simulation program to verify that the 
circuit will perform logically as expected. 
Place-and-route-This program takes the 
cells, interconnects them and places them 
in rows to form the actual chip. The place
ment is optimized to minimize the inter
connect and chip size. This is usually run 
by SMC. 
Verification-Programs are run to check 
that the layout accurately represents the 
original design. 
Fabrication-SMC then has the masks 
made and fabricates the prototype parts. 



Customer Owned Tooling 
An area of continuing interest to Standard 
Microsystems is that of Customer Owned Tool
ing (COT) or Customer Supplied Tooling (CST). 
In contrast to a full custom design program 
where Standard Microsystems is responsible for 
the MOS design, a COT/CST program is one in 
which the design function will be completed by 
the customer or an outside design house. 

Many customers find it desirable to develop 
an in-house LSI design capability, for their inter
nal circuit requirements. Standard Microsys
tems can provide valuable assistance in 
achieving this goal. 

The customer then provides Standard Micro
systems with either a completed composite 
drawing, a data base tape (in suitable format), 
or an actual processing mask set. Whatever the 
entry level, Standard Microsystems is prepared 
to carry the program through to completion. 

If the design is in the formative stages, the 
requirements will be studied and the most suita
ble set of design rules will be provided. 

If the design is already completed, Standard 
Microsystems will examine the design rules 
used and recommend which of our processes is 
most compatible. If small variations to our 
"standard" processing are required, they can 
usually be accommodated at little or no expense. 

Standard Microsystems has developed com
prehensive test sites that are incorporated into 
our masks for the purpose of parametric and 
quality assurance measurements. Automated 
equipment collects and stores measurements 
from these test sites. If a customer purchases 
wafers from us, these measurements are pro
vided with the wafers. If a customer chooses to 
have masks fabricated himself, our test site can 
be provided for incorporation into the masks. 

Standard Microsystems is also prepared to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. 
Of course, packaging and bum-in are 
also available. 

Whichever approach is taken, Standard 
Microsystems wants to partcipate in a 
partnership that makes best use of our respec
tive areas of expertise. We'll work together to 
bring the project to completion; on time and 
on budget. 

Customer Interface 
Standard Microsystems is a "full capability" 
company. We have the resources-an experi
enced staff and state-of-the-art equipment-to 
design, process, package and test our Custom 
MOS circuits. 
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Our customers are becoming increasingly 
aware of the benefits of custom circuits in their 
product lines. They know their products and 
markets best. Some have developed the techni-
cal expertise to perform or participate in the I 
early design phases of a custom program. For 
this reason, Standard Microsystems offers a var- -
iety of customer interface possibilities to serve 
the broadest possible market. 

Communications: The Key to 
Custom Development 
On every Custom program, we establish com
munications with our customers that last 
throughout the development and production 
phases. 

Our engineers work in an environment that 
stimulates creativity while encouraging adher
ence to pragmatic objectives. The status of each 
program is closely monitored. Strict scheduling, 
thorough program management and frequent 
customer contact have become the hallmark of 
a Standard Microsystems Custom program. 
Numerous testimonials from satisfied cus
tomers give evidence of our ability to perform
to specification and on time. 
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Quality Assurance 
and Quality Control 

Volume manufacturing of quality products requires a rig
orous commitment on behalf of STANDARD MICRO
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin
gently to documented procedures which have produced 
a product of proven reliability. 

The design of a reliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated first by prototype wafer 
runs and thorough preliminary production and device 
characterization. 

1.0 Scope 
The measures taken by SMC to produce reliable inte
grated circuits and the assembly/screening options 
available to the customer are given in this section. 

2.0 Approach 
Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro
cess control, test and characterization, quality conform
ance/reliability testing, and failure analysis. 

3.0 Applicable Documentation 
SMC internal specifications define every phase of pro
duction and must be approved by the designated rep
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and Quality Assurance departments. 

3.1 Design Rules (DR-XXXX) 
3.1.1 Geometric design rules define layout consider
ations, alignment structures, critical-dimension targets, 
and input-protection networks. 

3.1.2 Electrical design rules define performance cri
teria, measurement methods, device parameters, and 
process parameters. 

3.2 Purchase Specifications (PS-XX) 
All critical material is purchased to SMC specifications 
from qualified vendors. 

3.3 Process Specifications (WX-XX, AX-XX) 
3.3.1 The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 

3.4 Quality Control Procedures (QC-XX) 
QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 
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Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 
material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. 

The Quality Assurance Department is the customer rep
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 

The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 

3.5 Quality Assurance Procedures (QA-XX) 
QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 

3.6 Military Standards and Specifications 

MIL-C-45662 Calibration System 
Requirements 

MIL-1-45208 Inspection System 
Requirements 

MIL-M-38510 General Specification for Micro
circuits 

MIL-M-55565 Packaging of Microcircuits 
MIL-STD-105 Sampling Procedures and Tables 

for Inspection by Attributes 
MIL-STD-883 Test Methods and Procedures for 

Microelectronics 
MIL-STD-1331 Microelectronics Terms and 

Definitions 

4.0 Package Options, Features 

4.1 Ceramic (no suffix) 
50µ inches gold plating on external leads and die cavity, 
gold eutectic die attach. 

4.2 Tin-Plated Ceramic (Suffix "TC") 
Over 200µ inches tin plating on external leads, gold on 
die cavity, gold eutectic die attach. 

4.3 .cerdip (Suffix "CD") 
Meets MIL-STD-883 internal moisture content require
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 

4.4 Plastic (Suffix "P") 
The plastic used is a B-type epoxy or an approved 
advanced type having a better resistance to a humid 
environment. Gold eutectic die attach and gold bond 



wires are used. Lead material is MIL-M-38510 para3.5.6 
type B (42 Alloy) with a solder lead finish. 

5.0 Screening Options 
5.1 High-Reliability Screening 
The routing is as defined in MIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 10.2) is taken on generically similar parts. Asam
ple flow chart for ceramic product is given on page 6. 

5.1.1 Internal Visual 
Both Die and Preseal Visual inspections are to the cri
teria of Method 2010, Condition B of MIL-STD-883. An 
AOL audit is performed on each lot by Quality Control. 

5.1.2 Stabilization Bake 
All parts are placed in 150°C storage for 24 hours per 
Method 1008, Condition C of MIL-STD-883. 

5.1.3 Temperature Cycling 
All parts are subjected to 1 o cycles of - 65°C to + 150°C 
per Method 1010, Condition C of MIL-STD-883. 

5. 1.4 Constant Acceleration 
All parts are subjected to a 30,000 g force in the Y1 ori
entation per Method 2001, Condition E. 
5.1.5 Seal 
Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

5.1.6 Pre burn-in Electrical Test 
Ordinarily this is the same as final electrical test. 

5.1. 7 Burn-in 

Condition A and Condition D of MIL-STD-883, Method 
1015 are available. The stress is applied for 168 hours at 
125°C or at other temperatures according to the time
temperature regression. 

5.1.8 Final Electrical Test 
Verifies functional and parametric performance to the 
device specifications. 

5.1.9 Final Visual Inspection 
All parts are inspected to Method 2009 of MIL-STD-883. 

5.2 Standard Screening 
Standard Screening is designed for the industrial-com
mercial customer and is available in all package types. 
For hermetic packages, temperature cycling, centrifuge 
and hermeticity are specified as well as die, preseal, and 
final visual inspection. 

5.2.1 Standard Die and Preseal Visual Inspections 
(AC-04, AC-08) 

These inspections were developed from Method 201 O of 
MIL-STD-883.The inspection criteria are specific to SMC's 
pMOS and nMOS COPLAMOS® technologies. 

5.2.2 Temperature Cycling (AC-15, AD-13) 

Temperature cycling is perform~~ to the Ml~-STD-8~3, 
equivalent of Method 101 O, Cond1t1on C, - 65 Cl+ 150 C, 
ten cycles. 

5.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14) 
Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001, Condition E, 30,000 g in the 
Y1 orientation. 

5.2.4 Hermeticity (AC-11, AD~ 15) 
Includes fine and gross leak testing to SMC equivalent 
of M IL-STD-883 Method 1014 Conditions A and C. 
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5.2.5 Final Electrical Test 
Verifies functional and parametric performance to the 
device specifications. 

5.3 Custom Screening 
Certain applications require special screening which can 
be arranged upon request. 

6.0 Electrical Test 
6.1 Probe and Final Test 
SMC test programs are de~~loped by ~he Test Eng!
neering Department and venf!ed by .device characteri
zation. An approval procedure 1s required for the transfer 
of a new test program or a revised test program from 
engineering to production. 

6.2 Characterization/correlation 
Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™ test sys
tems. 

6.3 Product Engineering 
SMC product engineers charact~rize parts to i.mproye 
processing target parameters and test correlation with 
customers. 

7.0 Purchased Material 
All manufacturing materials are purchased from quali
fied vendors to SMC procurement specification. 

8.0 Quality Control 
The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec
tion, in-process audits, out-going i~spection, ~~cu.ment 
control, processing returned material and cert1f1cat1on of 
compliance to specification. 

8.1 Incoming Inspection 
Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an approved 
vendor list and interfaces directly with vendor QC 
departments. 

8.2 In-process Audits 
QC performs an on-going monitoring of wafer process
ing, test and assembly functions. 

8.3 Outgoing Inspection 
QC inspectors verify proper documentation and perform 
an external mechanical/visual inspection on each lot prior 
to shipment. 

8.4 Document Control 
All procedures for desi~n. wafer processing •. as~embly, 
quality control and quality assurance are maintained by 
document control: 

8.5 Returned Material Processing 
Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec
trical testing. 

8.6 Certificates of Compliance 
Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 

9.0 Quality Assurance 
The Quality Assurance Department is the customer's 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist
ing processes, material analysis, failure analysis, and 
development of evaluation methods. 

9.1 Process Qualification 
All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 

9.2 Quality Conformance Test 
Samples of finished product are tested periodically to the 
criteria of QA-01 (see table 1 ). This test sequence pro
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 

9.3 Analysis 
9.3.1 The analytical facilities include a scanning 
electron microscope (SEM), an infrared microscope, 
optical microscopes, an X-ray unit and electronic test 
instruments. 

DATE CODE INTERPRETATION 

9.3.2 Scanning electron microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 

9.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 

9.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi
neering development. This characterization is per
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 

10 .0 Lot Traceability 
SMC maintains traceability on all product types in all 
packaging options (including plastic). The information 
available includes: 

10.1 Wafer Processing Records 
Sign-off and date on all operations, critical measure
ments and inspection records. 

84 41 M 

the last two digits of the number of year~ J J 
the calendar week of the year 

lot identification suffix 

PIN 1 
INDICATION 

BI = BURN-IN (WHEN APPROPRIATE) BT 

DEVICE TYPE 

SMC 
DATE CODE 

TOP MARKING 

BI* 
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ASSEMBLY LOCATION 
(IF OTHER THAN U.S.A.) 

BOTTOM MARKING 



10.2 Wafer Lot Acceptance (Mapping) 

Device parameters are recorded using a precision para
metric interface to a Digital Equipment Corporation PDP 
11 /23 computer. The data base at wafer map includes 
probe and wa_fer processing records (run sheets). 

10.3 Wafer Probe and Final Test Data 
These are correlated with mapping results to develop 
optimized process targets and yield improvement. 

10.4 Assembly Records 
Inspection results and screening throughput is recorded 
with date and sign-off for each lot. 

TABLE 1-QA-01 QUALITY CONFORMANCE 
GROUP B TESTS 

Mil Std Quantity/ 
SMC Test 883 accept no.or 

Test Method Method Condition LTPD Frequency 
Subgroup 1 

Physical dimensions QC-22 2016 2 devices every package 
(no failures) lot 

Subgroup 2 
Resistance to solvents QC-21 2015 Marking Permanence 4 devices every 

(no failures) shipment 
Subgroup 3 

Solderability QA-10 2003 Soldering temperature of 15 periodic 
260±:10°c conformance 

Subgroup4 
Internal visual and 2014 Failure criteria from design 1 device periodic 
mechanical and construction (no failures) conformance 

requirements of applicable 
procurement document 

Subgroup 5 
Bond strength 2011 15 periodic 
(1) Thermocompression QC-31 (1) Test condition C or D conformance 
12)Ultrasonic or wedge (2) Test condition C or D 
Die shear strength 2019 

Subgroup 6 
Internal water-vapor 1018 5,000 ppm maximum water 3 devices periodic 
content content at 100°C (no failures) or conformance 

5 devices 
(1 failure) 

Subgroup 7 periodic 
Seal AC-11 1014 As applicable 5 conformance 
(a) Fine all hermetic 
(b) Gross 

Subgroup 8 
Electrical parameters Group A, subgroup 1 15 new device 
Electrostatic discharge 3015 Test condition A or B types 
sensitivity 
Electrical parameters Group A, subgroup 1 

GROUP C TESTS-DIE RELATED 

Mil Std Quantity/ 
SMC Test 883 accept no.or Package 

Test Method Method Condition LTPD Type 
Subgroup 1 

Steady state life test QA-02 1005 Test condition to be 5 all 
specified (1,000 hours at 

End-point electrical 
125°C) 

Final test As specified in the 
parameters applicable device 

specification 
Subgroup 2 

Temperature cycling AC-15 1010 Test condition C 15 all 
Constant acceleration AC-16 2001 Test condition E min. hermetic 

Seal 
Y, orientation only 

1014 As applicable 
(a) Fine AC-11 
(b) Gross 
Visual examination QC-22 
End-point electrical Final test As specified in the 
parameters applicable device 

specification 
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GROUP 0-PACKAGE RELATED 

Mil Std Quantity/ 
SMC Test 883 accept no. or Package 

Test Method Method Condition LTPD 'IY2_e 
Subgroup 1 

P~sical dimensions 2016 15 all 
Subgroup2 

Lead integrity QC-19 2004 Test condition 82 (lead 15 all 
fatigue 

Seal AC-11 1014 As applicable all 

~a~ Fine hermetic 
b Gross 

Lid t0!:9_Ue 2024 As a_eplicable cerdip on.!Y_ 

Subgroup 3 
Thermal shock 1011 Test condition B, 15 cycles 15 all 
Temperature cycling AC-15 1010 Test condition C, 100 hermetic* 

cyc!Gs 
Moisture resistance 1004 
Seal AC-11 1014 As applicable 

~a~ Fine 
b Gross 

Visual examination Per visual criteria of 
Method 1004 and 101 O 

End-point electrical As specified in the 
parameters applicable device 

specification 
Subgroup 4 

Mechanical shock 2002 Test condition B minimum 15 all 
Vibration, variable 2007 Test condition A minimum hermetic 
frequency 
Constant acceleration AC-16 2001 Test condition E minimum, 

Y, orientation 
Seal AC-11 1014 As applicable 
(a) Fine 
(b) Gross 
Visual examination 
End-point electrical As specified in the 
parameters applicable device 

specification 

Subgroup 5 
Salt atmosphere 1009 Test condition A minimum 15 all 
Seal AC-11 1014 As applicable hermetic* 
(a) Fine 
(b) Gross 
Visual examination Per visual criteria of 

Method 1009 
Subgroup 6 

Internal water-vapor 1018 5,000 ppm maximum water 3 devices all 
content content at 100°c (no failures) hermetic 

or 5 devices 
(1 failure) 

Subgroup 7 
Adhesion of lead finish 2025 15 all 

Subgroup 8 
Humid Environment OA·04 1000 hours 85°C/85% 15 plastic 

Relative Humidity 
End-point electrical Final test 
parameters 

Subgroup 9 
Autoclave (Pressure QA-05 24 hours at 2 atm 121°C 15 plastic 
Cooker) 
End-point electrical Final test 
parameters 

*packages having gold plating thicknesses of 50 microinches or less are not required to pass subgroups 3 and 5. 

22 



CERAMIC 
WAFER LOT ACCEPTANCE 

WAFER PROBE 

AC-01 SAW 

AC-02 BREAK 

AC-03 DIE PLATE 

AC-04 STD DIE VISUAL 

QC-32 DICE INSPECTION AUDIT 

AC-05 DIE ATTACH 

QC-35 DIE SHEAR AUDIT 

QC-31 BOND STRENGTH AUDIT 

AC-08 PRE-SEAL VISUAL INSP 

QC-33 PRE-SEAL AUDIT 

AC-09 SEAL 

AC-10 MARK 

AC-15 TEMP CYCLE -65/+ 150°C 10 CY 

AC-16 CONST ACCEL Y1-30,000 G 

AC-11 HERMETICITY 

AC-12 TRIM 

FINAL TEST 

PACK 

OUTGOING INSPECTION 

QUALITY ASSURANCE AUDIT 

SHIP 

*This High Reliability flow chart applies to ceramic product. 
Similar flow charts exist for cerdip and TC packaging. All 
ACXX, QCXX procedures are under SMC Document Control. 
All Method XXXX procedures are MIL-STD-883 Test Methods. 
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HI REL AVAILABLE 
ON ALL HERMETIC PACKAGES* 

WAFER LOT ACCEPTANCE 

WAFER PROBE 

AC-01 SAW 

AC-02 BREAK 

AC-03 DIE PLATE 

DIE VISUAL 
METHOD 2010 COND. B 

QC DIE VISUAL AUDIT 
METHOD 2010 COND. B 

AC-05 DIE ATTACH 

METHOD2019 
DIE SHEAR STRENGTH 

AC-06-AL WIRE BOND AC-07-AU WIRE BOND 

METHOD 2011 BOND STRENGTH 

PRE-SEAL VISUAL 
METHOD 2010 COND. B 

PRE-SEAL VISUAL AUDIT 
METHOD 2010 COND. B 

AC-09 SEAL 

AC-10 MARK 

METHOD 1008 STABILIZATION BAKE 

METHOD 1010 COND. C 
TEMP CYCLE 

METHOD 2001 COND. E 
CONSTANT ACCELERATON 

METHOD 1014 SEAL 
(HERMETICITY) 

AC-12 TRIM 

PRE-BURN-IN TEST 

METHOD 1015 BURN-IN 

FINAL TEST 

PACK 

METHOD 2009 
EXTERNAL VISUAL 

OUTGOING INSPECTION 

QUALITY ASSURANCE AUDIT 

SHIP 
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PLASTIC (NOTE 1) 

WAFER LOT ACCEPTANCE 

WAFER PROBE 

SAW/BREAK 

DIE PLATE 

SECOND OPTICAL DIE VISUAL 

DIE VISUAL AUDIT 

DIE ATTACH 

DIE PUSH TEST 

WIRE BOND 

BOND STRENGTH AUDIT 

THIRD OPTICAL PRE-SEAL VISUAL 

PRE-SEAL AUDIT 

MOLD 

BACK-SIDE MARK 

TRIM/FORM 

SOLDER DIP 

MARK 

OPEN/SHORT TEST 

EXTERNAL VISUAL 

MECHANICAUVISUAL 
MARKING PERMANENCE 

FINAL ELECTRICAL TEST 

PACK 

OUTGOING INSPECTION 

QUALITY ASSURANCE AUDIT 

SHIP 

Note 1-Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 
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CERDIP 

WAFER LOT ACCEPTANCE 

WAFER PROBE 

AD-01 SAW 

AD-02 BREAK 

AD-03 DIE PLATE 

AD-04 STANDARD DIE VISUAL 

QC-32 DICE INSPECTION AUDIT 

AD-05 DIE ATTACH 

QC-35 DIE SHEAR AUDIT 

AD-07 WIRE BOND 

QC-31 WIRE PULL AUDIT 

AD-09 PRE-SEAL VISUAL INSPECTION 

QC-33 PRE-SEAL AUDIT 

AD-10 PRE-BAKE 

AD-11 SEAL 

AD-12 MARK 

PS-10 TIN PLATE 

PS-10 VISUAL INSPECTION 

QC-15 SOLDERABILITY AUDIT 

AD-13 TEMP CYCLE 

AD-14 CONST ACCELERATION 

AD-15.HERMETICITY 

AD-16 TRIM 

FINAL ELECTRICAL TEST 

PACK 

OUTGOING INSPECTION 

QUALITY ASSURANCE AUDIT 

SHIP 



Part 
Nwnber 

COM 1663A 
Name 

MIL-STD· 
1563AUART 

COM 1653:8 MIL-STD-
1563B UART 
AST RO 
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STANDARD MICROSYSTEMS 
CORPORATIONfaiiiiiiiiiiiiiiiiiiiii 

f 
COM1553A 

JLPC FAMILY 

M IL-STD-1553A "SMART®" 

FEATURES 
0 Support of MIL-STD-1553A 
D Operates as a: Remote Terminal Responding 

Bus Controller Initiating 
D Performs Parallel to Serial Conversion when 

Transmitting 
D Performs Serial to Parallel Conversion when 

Receiving 
D Compatible with HD-15531 Manchester Encoder/ 

Decoder 
D All Inputs and Outputs are TTL Compatible 
D Single +5 Volt Supply 
0 COPLAMOS® N Channel MOS Technology 
D Available in PC Board Form from Grumman 

Aerospace Corporation 

PIN CONFIGURATION 

"O" MSG FLG 1 40 GND 
"O"WAD FLG 2 39BDCS'f -

IVWF 3 38Vcc 
DTA AVL 4 37 AD1 

ACV INT 5 36AD2 

TX INT 6 35AD3 

CMD SYN 7 34 AD4 

DTA SYN 8 33 ADS 

ACV NAZ 9 

D 
32~ 

SWE10 31 D7 

POA 11 30 D6 

iA 12 29 DS 

ACV CLK 13 28 D4 

vw 14 27 D3 

SEND DATA 15 26 D2 

DTA AQST 16 25 D1 

MSG COMPLT 17 24 Dll 

TX ENA 18 23 TDE 

TX CLK 19 22 TX MODE 

XMIT NAZ 20 21 EiC 

PACKAGE: 40-pin D.l.P. 

GENERAL DESCRIPTION 

The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD-
1553A serial bit stream. 

The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the ''hand 
shaking" required between a Manchester decoder/ 
encoder and a microprocessor as well as the protocol 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 

The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 
detection for the first five bits of the serial data input. 
If all 1 's appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 

When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 

word, and formats it into two parallel (8 bit) bytes for 
presentation to the 1/0 bus under processor or hard 
wired logic control. 
In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the 1/0 bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 

The COM 1553A can be set up as either a remote termi
nal or a bus controller interface. 
The COM 1553A is compatible with Harris' HD-15531 
CMOS Manchester Encoder-Decoder chip and inter
faces directly with it. A 3 device kit consisting of: SMC's 
COM 1553A, Harris' HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 
Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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TERMINAL 
ADDRESS {

AD1 

AD5 
CMD SYNC 
DATA SYNC 

CONTROL 
LOGIC 

:::;::: N 
__J a: 
uz 
>> uu 
a: a: 

BLOCK DIAGRAM 1 

16 BIT REC DATA S/R 

REC DATA BUFFER 

1/0 SELECT 

__J 
<( 
z 
0 

I UJ 
I a:<( 

SEND DATA 
DATA REO 

DATA AVAIL 

I DO}~~ 
I -1-

-1 D7 ~(§ 

TX BUFFER 

1-
co 
co 

RCVINTERRUPT 

TX INTERRUPT 

INTERRUPT ACK 

POR 16 BIT TX S/R 
XMIT NRZ 

a: 
UJ 
f
(f) 
UJ 
I 
u 
z 
<( 

::"! 

UJ a: 
0 UJ 
0 __J 

~1(/)6 
x =>a: 
I- CD 1-

z 
0 
u 

> 
l{) 
+ 

0 
z 
~ 

I RECEIVE HARRIS COMMAND SYNC DATA l;A-~ ___ D_fJ'_-D_7 ___ _,1'-JV 
I HD 15531 DATA SYNC 
I I DAT 1 ENCODER/ RCV NRZ --. ·o .. MESSAGE FLG 
I ~I DECODER RCV CLK · { "O" WORD FLG 1r CT INVALID WORD FLG 
I>- 1231 ~ vw FLAGS t-=M:::;E~s==s=A:::;:G:::;:E:::;C==o~M==P""L==E=TE;:;;-----+~I PROCESSOR 

I
I ?---t--- - --t-- - -- t-------- -H t--=B~R;:::;O;::;A:::;:D::::;;C;::;A::;;:Se:T,.-------:::-1 I NT ER FACE 

DAT1 SMC o--D-A~T-A~R~E~Q-U=E~ST-----~-• 

I >- ~ -. XMIT NRZ COM1553A{ DATA AVAIL ... 
'---' DAT 0 TX CLK RCV INTERRUPT I ,..___ -.. 

I .___ ....- TX ENABLE HAND TX INTERRUPT ... 

G~~~~----------~:~:: __ 1- SHAKES r-~,._~~~!K~A~~gio=:T~T:~:N~NB=-BL==-L-----1 

BLOCK DIAGRAM 2 

- STATUS WD ENBL 

CONTROL { ... 

+1 L 5 POR 
AD1-AD5 

TERMINAL 
ADDRESS 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1 "0" MESSAGE FLAG 0MF The ZERO MESSAGE FLAG output is set when the 7th 
through 11th bits of the NAZ serial input data in a command 
envelope (see figure 1) are zero. 0MF is an open drain output. 

2 "0" WORD FLAG 0WF The ZERO WORD FLAG output is set when the 12th through 
16th bits of the NAZ serial input data in a command envelope (see 
figure 1) are zero. 0WF is an open drain output. 

3 INVALID WORD IVWF The INVALID WORD FLAG output is set when the word just 
FLAG received has an invalid parity bit or invalid format. IVWF is an open 

drain output. I 
4 DATA AVAILABLE DTA AVL DATA AVAILABLE is set when a word received is ready to be read. 

When the COM 1553A is the bus controller, DTA AVL occurs on 
command, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 
drain output. 

5 RECEIVE INTERRUPT RCVINT RECEIVE INTERRUPT is set to zero when the 6th bit fol lo~ 
command sync is a zero and the firsts bitsmatchAD1-AD5. RCV INT 
is reset to one by iA or POR, or if the Ii ne is not active for 32 
receive clocks. 

6 TRANSMIT INTERRUPT TXINT TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync~ a one, and the firsts bits match AD1-AD5. TXINT is 
reset to one by IA or POR. 

7 COMMAND SYNC CMD SYN COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NAZ data 
of a command word. 

8 DATA SYNC DTA SYN DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 

9 RECEIVER NAZ RCV NRZ Receiver serial input from Manchester decoder. Data must be stable 
during the rising edge of the receive clock. 

10 STATUS WORD SWE SWE is the output enable for the following open drain outputs: 
ENABLE 0MF 

0WF 
IVWF 
DTA AVL 
DTA RO 
MSG CPLT 

11 POWER ON RESET POR POWER ON RESET. Active low for reset. 

12 INTERRUPT ACKNOWLEDGE IA TA resets TX INT, REC INT, 0MF, 0WF and BAD CST. IA may occur 
between the trailing edges of receive clocks 6 and 10, or between the 
leading edge of receive clock 12 and the falling edge of receive clock 
15, or after the falling edge of clock 17. 

13 RECEIVE CLOCK RCV CLK The RECEIVE CLOCK is synchronous with the Receiver NRZ input 
during the command sync or data sync envelopes. 

14 VALID WORD vw This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

15 SEND DATA SD SEND DATA is a "handshake" signal received from the Manchester 
encoder indicating that the encoder is ready for the COM 1553A to 
transmit data. SD will bracket 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 
when SD is low. 

16 DATA REQUEST DTA ROST DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 

17 MESSAGE COMPLETE MSG CMPLT In the receive mode the MESSAGE COMPLETE output is set low 
when the appropriate number of data words have been received. In 
the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 
When the COM 1553A is a bus controller, MSG CMPLT will be 
asserted low when 33 command status or data words have been 
transmitted. MSG CMPLT is an open drain output. 

18 TRANSMIT ENABLE TX ENA A TRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TX ENA is generated 
under the following conditions: 
1) COM 1553A isa bus controller: A TXMODE pulse will setTXENA. 
A second TXMODE pulse will reset TXENA. 
2) COM 1553A is a remote terminal. A Transmit Command from the 
Controller will cause a TRANSMIT INTERRUPT (see pin 6). When 
this is acknowledged by a TXMODE pulse from the system, TX ENA 
will be set. 
TX ENA will then be reset by either 

A) Send Data Command associated with the last data word. 
B) a second TXMODE pulse. 

3) COM 1553A is a remote terminal. The falling edge of a DATA 
SYNC associated with the last data word of a message while in the 
receive mode. TXENAwill be reset during the next SEND DATA 
envelope. 

19 TRANSMIT CLOCK TXCLK Transmitter shift clock. 

20 TRANSMIT NAZ XMIT NAZ Serial data output to the Manchester Encoder. 

21 BUS CONTROLLER BC BC determines whether the COM 1553A is acting as bus controller 
(BC= 0) or as a remote terminal (BC= 1 ). 

22 TRANSMIT MODE TX MODE TX MODE is a system input controlling transmission. See TX ENA 
(pin 18). 

23 TAKE DATA ENABLE TDE TOE is an input from the system initiating transmission. Two TOE 
pulses are required for each 16 bit data word, one for each 8 data 
bits placed on D0-D7. 

24-31 DATA BUS 00-07 Bidirectional 8 bit Data Bus to the system. 00 is the LSB. D0-D7 
present open drain outputs. 

32 READ DATA ENABLE ADE ADE is an input from the system instructing the COM 1553A to place 
the received data onto D0-D7. Two ADE pulses are required per 16 
bit data word, one for each 8 bits. 

33-37 ADDRESS AD5-AD1 AD1-AD5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 
user address. 

38 POWER SUPPLY vcc +s Volt supply. 

39 BROADCAST BDCST BDCST is set low when a "broadcast" command word (th~address 
bits all set to "one") is being received. BDCST is reset by IA. 

40 GROUND GND Ground 
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OPERATION ... RECEIVE MODE 

The COM 1553A is considered in the receive mode when 
TXENA = 0. The most significant bit of both command 
and data words is received first. 

Message reception is initiated when GMO SYN goes 
high. The next 16 receive clocks are used to shift serial 
data into RCV NRZ. 

The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
Should the address bits compare, the sixth bit is 
examined. If it is a zero, a RECEIVE INTERRUPT is gen
erated. If it is a one, a TRANSMIT INTERRUPT is 
generated. 
Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a "ZERO MESSAGE" and all 
zeros in bit field 12-16 denotes a "ZERO WORD." 
Receipt of a data word is indicated when OTA SYN 
goes high. 

When OTA SYN or GMO SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1) will be enabled 
onto the 8 bit data bus on receipt of the first ROE pulse 
(RDE1). The second byte will be enabled on receipt 
of the second ROE pulse (RDE2). 

A DATA AVAILABLE is generated for data words only. 
However, data will be available on 00-07 for both com
mand and data words. 

If 32 clocks are received after the rising edge of GMO 
SYN or OTA SYN an "Idle Line Reset" condition exists. 
This implies that a new GMO SYN or OTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The "Idle Line Reset"will reset the 
following signals: 

REC INT "O" MSG FLG 
TI<iNT "O" WRD FLG 
BRO CST 

When the commanded number of data words have been 
received, a MESSAGE COMPLETE signal is generated. 

As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited during 
transmission: 

BC =O 

REC INT 
XMTINT 
BRO CST 
0WF 
0MF 
JAM MESSAGE ERROR* 

BC= 1 

DAT AVL 
IVWF 
REC INT 
XMTINT 
0MG 
f'JNF 
BRO CST 
JAM MESSAGE ERROR* 

*JAM MESSAGE ERROR is an internal signal. See 
OPERATION ... TRANSMIT MODE. 

OPERATION ... TRANSMIT MODE 

The COM 1553A is considered in the transmit mode 
when TXENA = 1. This is caused by a TXMODE pulse 
(see description of pin functions, pin 18). The TXMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 

When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA= 1. The COM 1553A will 
then send the system a DATA REQUEST. 

Data,is loaded into the transmitter data buffer from the 
8 bit data bus by pulsing TOE. The 8 most significant 
bits are loaded in by the first TOE pulse (TDE1), the 8 
least significant bits by the second TOE pulse (TDE2). 

When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 

To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will "jam" the first 
(most significant) 6 bits of the status word into the 
transmit register when BC is high. These bits will 
automatically be sent at the first SEND DATA pulse. In 
general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. If it is desired to send additional status 
information (for MIL-STD-1553B ), a TDE1 pulse will load 
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the least significant 2 bits of the first 8 bit byte, and a 
TDE2 will load all 8 bits of the second byte. Note that 
these TOE pulses must be sent (and data presented) 
before the first SD = 1 response from the Manchester 
Encoder. 
A JAM ADDRESS occurs when 1) a transmit command 
is addressed to the COM 1553A 2) A TXMODE pulse is 
received and 3) a valid word signal is received. Upon a 
JAM ADDRESS the COM 1553A will load its address into 
the first 5 bits of the transmit register. 
Alternatively, a JAM ADDRESS will also occur at the 
fall of the last data sync after valid receive command 
has been detected. 
The JAM ADDRESS function will be inhibited if a "O" 
word and "O" message condition exists in the command 
word. The JAM ADDRESS will be reset by the leading 
edge of SEND DATA. 

The JAM MESSAGE ERROR function occurs when, in 
the receive mode, a data word is not followed by a 
VALID WORD signal. JAM MESSAGE ERROR consists 
of loading a one in the sixth bit location of the transmit 
shift register (the message error location). 

JAM MESSAGE ERROR is inhibited when the transmit 
command word contains "O" Message and "O" Word 
fields. 

When the commanded number of data words has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 
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GENERAL OPERATION NOTES 

1. BUS CONTROLLER. When BC= 0, signifying that the COM 1553A is the bus controller the following is true: 
A. OTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This 

allows the bus controller to receive command, status or data words regardless of their address. 
B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 
C. The jam functions are inhibited. 

2. INVALID WORD FLAG. When BC= 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of all words. This includes words received from the same device's transmitter. (This 
provides a validity test of the controller transmission). 
When BC= 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 
IVWF will be set for the following conditions: 

Message type Word Terminal is IVWF generated 
Transit Group Transmit command receiving yes 

Status word transmitting no 
Data word transmitting no 

Receive Group Receive command receiving yes 
Data word receiving yes 
Status word transmitting no 

Receive/Transmit Receive command receiving yes 
Group (this Transmit command receiving no 
terminal addressed Status word receiving no 
to receive) Data word receiving yes 

Status word transmitting no 

Receive/Transmit Receive command receiving no 
group (this terminal Transmit command receiving yes 
addressed to Status word transmitting no 
transmit) Data word transmitting no 

Status word receiving no 

3. POWER ON RESET. During power-up, POR is a low to high exponential with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 
has stabilized. 

POR initializes the following outputs: 

OMG 
OWF 
BRO CST 
XMT INT 

REC INT 
MSG CMPLT 
IVW 
ROE 

The following circuit may be used to implement POR. 

4. WORD COUNT: Word count is decoded as follows: 

01 02 03 04 05 

0 0 0 0 1 
0 0 0 1 0 
1 1 1 1 1 
0 0 0 0 0 

IN914 or equiv. 

Word Count 

1 
2 

31 
32 
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TOE 
OTA AVL 
TX ENA 
OTA RQ 



TRANSMIT TIMING FIGURE 1 

~18~19-l-20---J 

TXCLK 

TXENA __J -
SEND DATA 

~------~ ~i -------. 
----------------'"""•r-----16 transmit eloeks---11 ...... j_ ------

XMIT NRZ MSB 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....................................................... -55°C to +125°C 
Storage Temperature Range ......................................................... -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) ......................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .............................................. +8.0V 
Negative Voltage on any Pin, with respect to ground .............................................. -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= -55°C to 125°C, Vee= +5 ±5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
Input Voltage Levels 

Low Level, V1L 0.8 v 
High Level, V1H 3.0 v 

Output Voltage Levels 
Low Level VoL 0.4 v loL = -1.6 mA, except open drain 
High Level VoH 3.0 4.0 v loH = 100 µA, except open drain 
Low Level VoL 0.4 v loL = -1.6 mA, open drain output 

Output Leakage, ILo 10 µA 
Input Current, AD1-AD5 60 µA V1N = ov 
Output Capacitance 5 10 pf 
Input Capacitance 10 25 pf 
Power Dissipation 500 mW 
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PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

AC CHARACTERISTICS 
Clock Frequency fr, fR. 980 1000 1020 KHz 
Clock Duty Cycle 4S so SS % 
Rise and fall ti5es, ~bTEDE 

TXMODE, WE, tr, t f 20 ns 
rise and fall times, all 

other inputs tr, t f so ns 
receiver clock-NRZ tRN 6S ns figure 38 
receiver clock-sync delay tsR 8S ns figure 38 
receiver clock-VW delay tRV 100 ns figure3B 
VW reset delay tvs soo ns figure3C 
transmit clock-TX ENA delay trx 2S ns figure4A 
TX ENA pulse width txw 60 ns figure4A 
transmit clock-send data set-up trs 40 ns figure 48 
transmit clock-send data hold time tsr 140 ns figure 4C 
transmit clock fall to NRZ tTN 0 ns figure 48 
transmit clock rise to NRZ tNT 9S ns figure 48 
TX MODE pulse width tMw 1SO ns figure SA 
TX MODE to TX ENA delay tMX 7SO ns figure SB 
VALi D word to TX ENA delay tvx 7SO ns figure SB 
Data sync to TX ENA delay tox 7SO ns figure SC 
TX ENA reset delay tsx 7SO ns figure SC 
DATA SET-up time to1 100 ns figure 6A 
TOE pulse width to2 1SO ns figure6A 
Data Hold time to3 100 ns figure6A 
Cycle time to4 4SO 16000 ns figure 6A 
OTA ROST Delay tos 4SO ns figure 6A 
Output Enable time tos 100 ns figure 68 
ROE Pulse width to1 1SO ns figure 68 
receive cycle time toe 4SO 17000 ns figure6B 
Flag delay time tos 4SO ns figure 68 
Output disable time to10 100 ns figure 68 
SEND DATA delay to11 2.S 3.S µs figure6C 
TOE off delay to12 1.S µs figure6C 
TDE1 delay to13 soo ns figure 6C 
SYN to RDE to14 soo ns figure 60 
ROE to SYN to1s 2.S µs figure6D 
Status word Enable tsE 100 ns figure8A 
Status word Disable tso 100 ns figure8A 
Flag delay time tcF 1 µs figure8B 
VW delay time tcv 90 ns figure 88 
IVWF delay time tc1 4SO ns figure8B 
OTA AVL delay time tco soo ns figure8B 
OTA ROST delay time tsR 4SO ns figure8C 
BRO CST delay time tRB 2 µs figure8C 
BRO CST pulse width tew 1 µs figure8D 
flag reset delay tie 7SO ns figure 80, 8E 
Interrupt delay tRI 1.S µs figure8D 
IA pulse width t1A 1SO ns figure8D 
Interrupt pulse width t1w 1 µs figure8D 
Flag reset time tFR 4SO ns figure 8F 
OTA AVL reset delay tRO 750 ns figure 8F 
IVWF reset delay tRV 7SO ns figure 8F 
MSG CMPL T turn-on delay tMR 1.S µs figure 9A, 98 
MSG CMPLT turn-on delay tMF 1.S µs figure 9A, 9C 
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RECEIVE TIMING FIGURE 2 

RCV CLK 

CMD SYNC 

DATA SYNC 
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RECEIVER INPUT TIMING FIGURE 3 
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TRANSMITTER TIMING FIGURE 4 

4A 

TXCLK 

TXENA 

48 

TXCLK 
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XNRZ 

4C 

TXCLK __J 

SEND DATA 
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 

SA 
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TX ENA 
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TX MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. 

I 
I ~XXXXXXXX>I 

-l ~ 1 µs min 

I!---

~ 
I 
I 
I 
I 

~ I 

*W~SB11~ ~1 ~~x° E~~~~ ~J~~~ ~i~~~9~·~TdU~~~I~1t~DT~~J~~g~~~~¢ND THE 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 

BC=1 

DATA SYNC 

RCV BIT TIMES 

TX ENA 

SEND DATA 

sc** 

I 1 I 2 I \ 11 15 I 16 I 
I 
I 
I 
I 
I 

~~~~~~~~-!o-x~-r-i~i:::-4~ 
I 

**THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT= 0 
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 
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DATA BUS TIMING FIGURE 6 

6A 

00-07 - BITS 0-7 BITS 8-15 

J 

OTA ROST 
I'---

~too-Mo+--- lo>----i---lo>___. f-1,,,---"--1,,--1,,

-------1,., _______ _, i--1,.-

- BITS 0-7 ' 00-07 

I 

OTA AVL 

IVW 

I--- too-+- f--tooo--+-

~I" loo 

DATA BUS TIMING FIGURE 6 

6C 

TXENA 

SEND DATA 

fl5E ffiE2 STATE J l fi5E1 STATE 

r----1,,,.---..i--1,,,----i 

NOTE: SEND DATA RISING EDGE INITIALIZES TOE TO TDE1 STATE 

CMD SYN 
or 

OTA SYN 

GD 

6B 
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BITS 8-15 

~ 

j\.__ 

f-.-1,.- 1--1, .. -
I'--

1,, loo 

IA RESETS FIGURE 7 

I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9110111 112113114 115 116117 118119120 I 

REC CLK 
11 I II II Ill 

CMD SYN _r--i 
II I II II 111 
II I II II Ill 

II I II II Ill 
I Ii II Ill 

BAD CST 

~ 
II I II 111 
II I II Ill 

i~ 
II Ill 

I I II Ill 
"O" MSG FLG I I II Ill 

I I I I II Ill 
I I I I lt;ttt-I I I I 

'O" WAD FLG I I I I 11 II 
I I I I ::r I I I I 

INVW FLG I I I I 
I I I I 

11 
I I I I !mi 

DTA AVL 
I I I I I I I I I (DATA SYNC ~ 1 I I I I I I I 

TX INT OR REC INT @__ I I I I 
I I I I 

iA 
I I I 

~ ™ m 
7 10 12 15 17 
RISES FALLS RISES FALLS FALLS 

IA OCCURRING DURING ZONE A RESETS: BRO CST. TX INT. REC INT. 

IA OCCURRING DURING ZONE B RESETS: BRO CST. TX INT. REC INT. "O" MSG FLG. 

IA OCCURRING DURING ZONE C RESETS: BRO CST. TX INT. REC INT. "O" MSG FLG. 
"O"WRD FLG. 
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SA 

SB 

SC 

SD 

SE 

SF 

STATUS FLAGS FIGURE 8 

STATUS BITS i-t .. J-~ciJJ---
f...-10--!--11--!--12-i--13-J-14-i--1s-+1-1s-i--11-J-1e--J 

REC CLK 

0 MSG FLG 

0WRO FLG 

WI 

IWIF 

OTA AVL 

t .. 
Notes:1.~=0 

2. IVWF and OTA AVL reset by ROE2 or REC CLK 14 ol the 
next word 

SEND DATA 

OTA RO 

f.- 4 ---+-- 5 ---+-- 6 ---+-- 7---+-- 6 ---+-- 9 

REC CLK 

TXINT, REC INT 

"0" WAD FLG, I 
"0" MSG FLG ________ r----_t"_-1 _________ _ 

iA w-
OTA AVL 

IWIF 

ADE 

OC<OC< 

OTA AVL 

IVWF 

"RDE2 

If ADE is not used to reset IVWF and ROE, then they are 
reset by ACV CLK 14 as shown below. 

f---13---1-14---1-1s-t-----1s--1 

t .. 

t .. 
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9A 

98 

9C 

MESSAGE COMPLETE FIGURE 9 

BUS CONTROLLER MODE 

"WORD COUNTER JS PRESET TO 33 

'"MSG CMPLT SET 1 •• MAX AFTER RISE OF 33RD SEND 
DATA PULSE 

REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 

EC; _Ji 

CMD SYNC 

RCV CLK 16 

DTA SYNC 

l 
I 

LJ) 
I 
t 

l 

-' II 

-1 L 
IT 

1~ I 

j -'\ f--11., 
I MSG CMPLT 

'WORD COUNTER PRESET TO COUNT IN COMMAND WORD 

"'MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 

REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 

CMD SYNC 

RCV CLK 

SEND DATA 

MSG CMPLT 

'WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 

"'MSG GMPLT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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TYPICAL SYSTEM OPERATION 

TO MPU 

SET 
TRANSMIT 
INTERRUPT 

TO MPU 

...------ 00 C[J 
8 

*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND iA 

INITIALIZE 
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SET 
IVWF 

I 
TO MPU 



SWE 

INTERNAL LOGIC 

OPEN DRAIN OUTPUT 
FIGURE 10 

013-07 INPUT/ OUTPUT 
FIGURE 11 

Vee 

INTERNAL LOGIC ~ 
ROE 

STANDARD MICROSYSTEMS 
CORPORATION ••,',i~~i,;iJ',i~i..._l""i' i110i~i~ ~i,,,. 

OTHER OUTPUTS 
FIGURE 12 

Vee 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
1nformat1on has been carefully checked and 1s believed to be entirely reliable. However, no responsibility 1s 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others SMC reserves the right to make changes 
at any time 1n order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

t 
COM1553B 

J.LPCFAMILY 
PRELIMINARY 

Mll-STD-15538 "SMART®" 

FEATURES 

0 Support of MIL-STD-1553B 
D Operates as both Remote Terminal and 

Bus Controller 
D Manchester II Serial Biphase Input/Output 
D 16 bit Microprocessor compatible 
D Command/Data Sync Detection/Identification 
D Automatic Command Response Generation 
D On-Chip Address Recognition 
D Error Detection For: 

Sync Errors 
Parity Errors 
Word Count Errors 
Bit Count Errors 
Invalid Manchester Code 
Incorrect Address 
Incorrect Bus Response Time 

D TTL Compatible 
D Recognizes Mode Codes and Broadcast 

Commands 
D Provides OMA handshaking signals 
0 CO PLAMOS® n-Channel MOS Technology 

PIN CONFIGURATION 

09 40 08 

010 39 GNO 

011 3 38 MANOUT 

012 37 MANOUT 

013 36 CSTRA 

014 6 35 om 
015 7 34 cio 

TXMOOc 8 33 RTIBC 

POR 9 

D 
32 BGACK 

12MHzCLK 10' 31 VOO 

MANIN 11 30 VBB 

MANIN 12 29 ffiR 
MCF 13 28 OfACI( 

DO 14 21 UC 
01 15 ~o i'-1 
02 16 ~5 11W 

03 17 ~4 vc 
P4 18 ~:1 wC 
05 19 ~2 VIC 

06 20 21 DI 

PACKAGE: 40-pin D.l.P. 

GENERAL DESCRIPTION 

The COM1553B SMART~ (Synchronous Mode Avionic 
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel 
MOS/VLSI circuit designed to simplify the interface of 
a microprocessor or buffer to the serial MIL-STD-1553B 
data bus. 

The COM1553B is a double buffered serial to parallel, 
parallel to serial converter. It receives serial Manchester II 
biphase encoded data from a 1553B bus receiver and con
verts it to 16 bit parallel data. When receiving Manchester 
11 data, the COM 1553B detects and identifies sync polarity, 
reconstructs the clock, detects zero crossing, checks for the 
proper number of bits and performs a parity check on the 
incoming data. In addition to parity check, the COM1553B 
also checks for sync errors, invalid Manchester code, 
improper word count, incorrect address and incorrect bus 
response time. The transmitter in turn, accepts 16 bits par
allel gata and serially transmits it as Manchester II data, 
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appending the appropriate sync and parity. 
The COM1553B recognizes protocol commands, and 

automatically generates the proper response, thereby off
loading what otherwise would be microprocessor tasks. This 
feature eliminates critical software timing requirements. 

The COM1553B is designed to work both as a Bus Con
troller and Remote Terminal, making it universal within the 
MIL-STD-1553B environment. The COM1553B automat
ically loads and recognizes its own address. It determines 
the type of transfer required in both the Bus Controller and 
Remote-Terminal modes and generates the proper control 
signals to complete the transfer. It automatically transmits 
the status word and detects message errors and mode 
commands. Furthermore, it generates the control signals 
for OMA operation, therefore eliminating processor 
intervention. 
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.i::. 

,------------------------------, 
I TRANSMIT NAZ TRANSMIT 3 BIT I 

SHIFT LATCH I 
+ 5 voe~ v REGISTER REG. 

cc 16BIT I BIDIR 
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-- s voe --..I vbb I I 16 BIT 
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6BIT 
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A RESPONSE 
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ADDRESS 
REGISTER 

16 BIT 
DATA BUS 

------R!W 
------WE 

------csTRA 

TXMODE _I 
MANCHESTER 
ENCODER 
DECODER 
& 

STATE SEQUENCE INVALID MSG 

MANIN 

MANIN 

MANOUT 

MANOUT -I 
I 
I 
I 

HIGH SPEED 
ERROR 
'CHECKING 
LOGIC 

5BIT 
WORD COUNTER 
&MODE 
DECODE 

7 BIT 
ERROR 
REGISTER 

LAST 
COMMAND 
REGISTER 

COMMAND 
WORD 
REGISTER 

LOGIC 

------c10 

-----·vc 
I I It OTA 

-----"MC 
._i--.....,..--- RT/SC 

------csrn 
I 
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MHz~CLK 
12 I 
PCJR~ 

GND--1 ------

LOGIC 

16BIT 
RECEIVE 
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I • I BGACK 

I I• I DmK 
I 

1 ----L ____________ _ 

FUNCTIONAL BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 
1-7, 14-21, 16-bit Data Bus DO-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and 

40 Status Words between the COM1553B and external memory. 

8 Transmit Mode TXMODE This output signal when high indicates that the COM1553B is transmitting infor-
mation on the 1553B bus. 

9 Power On POR Input signal used to initialize or reset the Error registers. The RT address must be 
Reset reloaded after POR is issued. 

10 12 MHz Clock 12MHz 12 MHz clock input. 
CLK 

11 Complementary MANIN This input is low when there is no data on the bus. A high level indicates that the 
Manchester In data is in its negative state (Refer to receive waveform, figure 3). 

12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that 
the data is in its positive state (Refer to receive waveform, figure 3). 

13 Mode Code MCF Output signal that is active high when a mode command (all l's or all O's in subad-
Flag dress) has been detected. 

22 Power Supply vcc + 5 volts DC supply. 
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-

I 
' 

ble and can be written into the external memory. 
24 Valid Command vc Output signal that is pulsed high to signify the reception of a valid command. 

25 Read/Write R/W Output signal that indicates whether a DMA transaction is a COM1553B read 
(when high) or a write (when low) operation. 

26 Invalid IM Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message sage error has occurred. 

IM is also pulsed low while MC remains high if there are errors in the Command 
word with matching address. 

27 Message MC Output signal used as either an interrupt or flag to the processor whenever a 
Complete COM1553B transaction has been completed. 

28 Data Transfer DTACK This input signal when low indicates that the Data Transfer Request 
Acknowledge (DTR) and BGACK has been acknowledged and data is on the data bus. 

29 Command CSTR This input signal when low is used to inform the COM1553B that a Command 
Strobe Control Code is available in external memory. When the COM 1553B is ready, it 

issues a Command Strobe Acknowledge and initiates a memory read cycle to 
load the Command Control Code bits CB2-CBO. 

30 Power Supply VBB - 5 volts DC supply voltage. 

31 Power Supply VDD + 12 volts DC supply. 

32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR 
Acknowledge and relinquished the data bus. 

33 Remote RT/BC When thisl.!J.Qut is high the COM1553B operates as a Remote Terminal. 
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Control.ler. 
Controller 

34 Command/Data CID This output signal during memory write operations indicates either a Command 
or Data Word transfer. A low level indicates that the COM1553B is writing a Data 
Word, Status Word, the contents of the Error Register, or the contents of the Last 
Command Register into external memory. 
A high level indicates that the transferred word is a Command Word. During 
memory read operations this output is low. It goes high to indicate that data has 
been latched internally and the read operation is completed. 

35 Data Transfer DTR Output signal that initiates a DMA transfer with the processor. 
Request 

36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates 
Strobe the Command Control Code (CB2-CBO) transfer. 
Acknowledge 

37 Complementary MANO UT This output signal is high when the COM1553B is not transmitting. 
Manchester A low level indicates that output data is in a positive state (refer to driver 
Output waveform, figure 4). 

38 Manchester MANO UT This output signal is high when the COM1553B is not transmitting. 
A low level indicates that output data is in a negative state (refer to driver 
waveform, figure 4). 

39 Ground GND Ground 
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FUNCTIONAL DESCRIPTION 

The COM1553B is organized into the following five 
sections: 

Manchester Encoder /Decoder 
This section performs the manchester encoder and 

decoder functions and code error check. The receiver con
tinuously monitors the MANIN and the MANIN input lines 
for a valid sync. After the reception of the 3 bit sync, the 
receiver is in full synchronization. It then checks for transi
tion errors and correct (odd) parity. If an error is detected in 
the Command Word the receiver resets itself, pulses IM and 
waits for another valid sync. If any errors are detected in 
Data and Status Words, the appropriate error bits in the 
Status and Error register are set. 

The transmitter section encodes the NRZ data from the 
data bus into Manchester II and appends, depending on 
word type, the proper sync and parity. 

State Sequencer Logic 
The State Sequencer section generates the appropriate 

signals to various internal sections to control the overall 
device operation. 

Inputs to the State Sequencer which establish its oper
ational modes are as follows: 

Remote Terminal/Bus Controller (RT/BC) 
Determines whether the data terminal is operating as 

a Remote Terminal or as a Bus Controller. As a result of 
Dynamic Bus Allocation, any terminal shall be capable of 
performing either function at different times. 

Command Control Code bits 02-00 (CB2-CBO) 
These Command Control Code bits determine the type 

of memory operation the COM1553B will execute. Transfer 
of these commands to the COM1553B are initiated by 
asserting Strobe Command (CSTR} low. This informs the 
COM15538 that a command is available in external memory. 
When the COM1553B acknowledges the CSTR signal, it 
sets the CSTRA output low. The CSTR must be reset within 
1.5 µs. The COM1553B then initiates a memory read cycle 
by setting R/W high, CID low, and DATA TRANSFER 
REQUEST (DTR) low. When the Command Control Code 
bits are valid on the bidirectional data bus (D2-DO), DTACK 

READ/WRITE (R/W) 

WRITE ENABLE (WE) 

and BGACK are generated by the processor and these bits 
are loaded into the COM 1553B 3-bit latch decode register. 
The command is then decoded in accordance with Table A. 
Timing associated with loading these control bits into the 
COM1553B is shown in Figure 1. 

Transmit Last Command 
Allows the State Sequencer to bypass a memory read 

cycle to external memory and transmit the Last Command 
from the TRLC register following the Status Word trans
mission. 

Broadcast 
When the address field of the Command Word is all ones 

(11111 ), the State Sequencer is informed that a Bus Con
troller or a Remote Terminal is transmitting a Broadcast 
Command. 

Word Count Zero 
Input from the 5-bit counter and count decode logic 

informing the State Sequencer that all Data Word memory 
cycles are complete. 

Sync.Input 
Indicates the type of sync word just strobed into the 

receive register. 

Address Compare 
When programmed as a Remote Terminal, the 

COM 1553B compares the contents of the address register 
with the address field of the received Command Word. If 
the addresses compare, the State Sequencer will respond 
to the received command. 

Any Error 
This input to the State Sequencer indicates that one of 

the seven possible errors have been set in the error register 
at the end of a message (Refer to Error register). 

Contiguous Word 
Set if there is a transition 2 µs. after the parity transition 

of the last word, this signifies that a contiguous word fol
lows the word presently in the receive register (Refer to 
figure 5). 

DATA TRANSFER REQUEST (DTR) -----
LOW UNTIL 1rnACK RECOGNIZED j 

DTACK 
SOME DELAY OF PK5 INDICATES DATA VALID 

COMMAND STROBE (CSTR) ---, ____ Ho ..... L .... o ..... ~ .... T ..... R....,U ..... N .... Tl __ L __ c __ sT .... R .... A __ 

MEMORY STROBE (PK5) ------
COMMAND STROBE 

ACKNOWLEDGE (CSTRA) 

BUS GRANT ACKNOWLEDGE (BGACK) 

DATA 

COMMAND/DATA {CID) 

HOLD DATA UNTIL LATCHED 

HOLD BUS UNTIL OMA COMPLETE 

< CONTROL elfs ce2, CB1, CBO 

LOW UNTIL BITS LATCHED INTERNALLY 

FIGURE 1: 
BUS CONTROLLER TIMING SEQUENCE 

Loading the Command Control Code Bits into the COM1553B prior to 
transmitting a Command or initiating a Diagnostic Sequence. 
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Error Detection Logic 
The error detection logic of the COM1553B detects the 

following errors: 

Improper Sync 
One or more words have been received with incorrect 

sync polarity (For example a Status Word with Data Sync). 

Invalid Manchester II Code 
One or more words have been received with a missing 

transition during the 17 µs. data and parity bit time. 

Information Field Greater Than 16 Bits 
The decoder has detected a transition within one bit time 

(1 µs.) following the parity bit in one or more words. 

Odd Parity Error 
One or more words have been received with a parity error. 

Improper Word Count 
An improper word count error occurs when the number 

of Data Words received is not equal to the number of words 
indicated in the word count field of the Command Word. In 
the case of a Mode Code without data, no Data Words 
should follow the Mode command. Mode Codes with data 
should consist of only one Data Word. If the contents of the 
word counter are not zero, and there is no contiguous Data 
Word, then the receive message is considered incomplete 
(e.g., fewer words were received than indicated by the word 
count in the Command word). If the contents of the word 
counter are zero and there is a transition detected 2 µs. after 
the parity transition of the last Data Word, then this also will 
cause an improper word count. In either case, the Message 
Error bit of the Status Word is set and not transmitted and 
the invalid message (IM) ou~ pin pulsed at the same time 
as the message complete (MC) signal output. 

Response Time 
The amount of time between the end of transmission of 

a Command or Data Word and the Status Word reply by a 

Remote Terminal should be less than 14 µs. lfthe response 
is greater than 14 µs. the response error bit is set in the 
error register. 

Address Mismatch 
An address mismatch occurs when a Bus Controller 

detects a mismatch between the address of the Status Word 
reply from a Remote Terminal and the Remote Terminal 
address of the Command. 

Internal Register Description 
Remote Terminal Address And Status Code Register 

This register is loaded when the processor issues a load 
Remote Terminal Address (RTA) command. The word that 
is loaded in this register consists of 9 bits of status infor
mation (DO-D8) and the 5-bit address (D11-D15). The 
Remote Terminal Address may be checked any time by 
reading out the Error register. The RTA and Status Code 
register must be loaded before the COM1553B may respond 
as a Remote Terminal. 

Table 1 defines the data bus bits which correspond to the 
Remote Terminal Address and Status Code register and 
Status Word that transmitted. Bits DO, D2, D3 and D8 are 
double buffered to allow the RT to retain this information 
after the Status Code register is updated. For all legal com
mands, other than Transmit Last Status and Transmit Last 
Command Mode command, the Status Word register is 
updated with these four bits, Any Error and the Broadcast 
flag. The Dynamic Bus Control and Terminal Flag bits are 
modified by the appropriate Mode Code commands 
whereas, the Broadcast Flag and Any Error bits are sot by 
the COM1553B internal logic. The Reserved Bits and tho 
RT address bits are transferred directly into the Status Word 
register during the RTA and Status Code command. 

Bits DO, D2, D3, and D5-D9 are cleared after transmis
sion for all commands except Transmit Last Status and 
Transmit Last Command Mode Code. 

TABLE A: 
COMMAND CONTROL CODE BIT DEFINITION 

CONTROL 
BITS 

DATA BITS CB2-CBO 

RT/BC D1s D14 D13 D12 D11 D10 Dg Da D1 Da Ds D4 D3 D2 D1 Do FUNCTION 

x x x x x x x x 1 1 x READ DATA x x x x x x REGISTER 

LOAD RT ADDRESS 

x x x x x x x x 1 0 x REGISTER AND x x x x x x STATUS CODE 
REGISTER 

x x x x x x x x x x x x x x 0 0 0 READ LAST CMD 

READ ERROR AND 

x x x x x x x x 0 0 1 REMOTE TERMINAL x x x x x x ADDRESS 
REGISTERS 

x x x x x x x x 0 1 0 BUS CONTROLLER 0 x x x x x TRANSMISSION 

x x x x x x x 0 1 1 BUS CONTROLLER 0 x x x x x x RT TO RT TRANSFER 

X-DON'T CARE 
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TABLE 1 

RTA and Status Internal Logic Status Word 
Data Bus Bit . Code Reg. Bits Signals Transmitted 
D15 (MSB) RTA Bit4 (MSB) - RTA Bit 4 (MSB) 
D14 RTA Bit3 - RTA Bit3 
D13 RTA Bit2 - RTA Bit2 
D12 RTA Bit 1 - RTA Bit 1 
D11 RTA Bit 0 (LSB) - RTA Bit 0 (LSB) 
D10 Not used Any Error Message Error 
D9 Instrumentation Bit - Instrumentation 
D8 Service Request Bit - Service Request 
D7 Reserved - Reserved 
D6 Reserved - Reserved 
D5 Reserved - Reserved 
D4 Not Used Broadcast Flag Broadcast Flag 
D3 Busy - Busy 
D2 Subsystem Flag Bit - Subsystem Flag 
D1 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit 

Acceptance Enable Bit command 
(See Note) 

DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag 
Bit (See Note) or 

Override Terminal 
Flag (reset) 
Mode Code command 

Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code 
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag 
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override 
Inhibit Terminal bit command is received. 

Last Command Word Register 
The last valid Command Word received by a Remote 

Terminal is stored in an internal 16 bit Last Command Reg
ister. This makes it readily available for transmission onto 
the data bus whenever the Remote Terminal receives a 
Mode Command to transmit the last Command Word. The 
Last Command Register contents are automatically writ
ten into external memory following a receive or a transmit 
message. 

As a bus controller (BC), the Last Command Register is 
used to hold the command transmitted before the present 
comm.and. In RT-RT transfers this register of the BC holds 
the receive command while the transmit command is being 
transmitted. 

The processor has the option of reading the Last Com
mand Register of either a bus controller or remote terminal, 
by issuing a Read Last Command Register command code. 

Error Register And RTA Register 
(Error Register) 

A 7-biterror register is provided in the COM1553Bto hold 
any errors associated with the previous message. If one 
or more of the 7 error types exists, the COM1553B asserts 
the Invalid Message ~ut pin (IM) at the same time that 
Message Complete (MC) is asserted, cueing either a Re
mote Terminal or a Bus Controller that an error occurred in 
the previous message. If desired, the processor may read 
out the 16-bit error word by issuing a read error register 
command code. When operating as a Remote Terminal, the 
COM15538 will write the Receive register, Error register and 

Last Command register automatically into external memory 
at the end of each command message because these reg
isters may change before the processor has determined 
the necessity of reading them. The Error register may be 
read anytime during a message except during message 
transfers. 

TABLE 2 
The 16-bit error word is defined as follows: 

DATA BUS 
LINE 

D15 
D14 
D13 
D12 
D11 
D10 
D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 

*Unused bits are set high. 
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ERROR BIT 
DEFINITION 

RT Address Bit 4 
RT Address Bit 3 
RT Address Bit 2 
RT Address Bit 1 
RT Address Bit O 
Unused 
Improper Sync 
Address Mismatch Error 
Improper Word Count 
Response Time Error 
Information Field > 16 Bits 
Unused 
Invalid Manchester II 
Parity Error 
Unused 
Unused 



Mode Detection Logic 
Both receive and transmit Command Words for a Remote 

Terminal and Bus Controller are decoded by the Mode 
Detection Logic. The Mode Detection Logic examines the 
following Command Word field to establish the correct 
operating mode for the COM1553B (Refer to TABLE B). 

Subaddress/Mode Code Field (D5-D9) 
and Data Word Count/Mode Code (DO-D4) 

This field Determines if the command is a normal com
mand or a Mode command. A subaddress field of 00000 or 
11111 implies a Mode command. All other codes are inter
preted as a subaddress. Once a Mode Command is 
detected the most significant bit of the Data Word Count/ 
Mode Code field is decoded. A most significant bit of "zero" 
implies no associated data with the Code Command. A 
"one" in this position implies that a Data Word will follow. 

The COM 1553B recognizes five Mode Code commands 
(Refer to TABLE B). Transmit Last Command or Transmit 
Last Status word Mode Code commands, when received 
by the COM 1553B, will automatically transfer the contents 
of the Transmit Last Command or Transmit Last Status reg
ister onto the 1553B serial bus. 

The Override/Inhibit Terminal Flag and Dynamic Bus 
Control Mode Code commands, when received by the 
COM1553B, may change the state of the Terminal Flag and 
Dynamic Bus Control bits of the Status Word register. The 
Inhibit Terminal Flag Bit Mode Code command resets the 
Terminal Flag bit. 

The Override Inhibit Terminal Flag Mode Code com
mand enables the Terminal Flag bit if it was previously dis
abled. Finally, Dynamic Bus Control Mode Code command 
sets the Dynamic Bus Control bit in the Status Word if the 
Dynamic Bus Control Enable bit is high. If the enable bit is 
low, the Dynamic Bus Control bit in the Status Word remains 
low when a Dynamic Bus Control Mode Code command is 
received. 

Broadcast Mode Code I 
Bro~dcast Mode Code Q_ommands are acknowledged if -

the T/R bit is low. If the T/R bit is high all Broadcast Mode 
Code commands without associated Data words are 
acknowledged except Dynamic Bus Control and Transmit 
Last Status Word. 

Illegal Broadcast Commands are not acknowledged; the 
IM output pin is, however, pulsed low. 

TABLE B 
MODE CODE DEFINITION 

DETECT DETECTED SPECIAL 
FUNCTION CONDITION BY CONDITIONS COMMENTS 

Broadcast All ones in RT Broadcast Status word is Address compare 
address field of Decode Logic written into Memory must recognize all 
CMDWD but not transmitted ones as Broadcast 

Mode Codes All zeros or Mode Code MSB of Word Count Word Count 
ones in sub- Decode Logic O = No data Word is Decoded 
address field 1 = With Data Word as mode code 
ofCMDWD 

(1) Dynamic Word Count Dynamic Bus Accept 
Bus Field = 00000 Bit of Status word 
Control enabled for 

transmission 
(2) Transmit Word Count Status Word remains 

Last Field = 00010 unchanged 
Status 
Word 

(3) Inhibit Word Count Terminal Flag Bit of 
Terminal Field = 00110 Status word inhibited 
Flag Bit until overriden 

(4) Override Word Count Removes Inhibit from 
Inhibit Field = 00111 Terminal Flag Bit of 
Terminal Status Word 
Flag Bit 

(5) Transmit Word Count Status Word 
Last Field = 10010 Transmitted followed 
Command by Last Command 

Register. Status Word 
remains unchanged. 
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OPERATION 

When operating as either a Bus Controller or Remote 
Terminal, the COM1553B decodes the Command Word and 
determines the type of message transfer. Having deter
mined the type of message transfer, the COM1553B 
generates the proper control and timing signals to com
plete the transfer (refer to Figure 2). The types of messages 
are listed below: 

1) Bus Controller to Remote Terminal 
2) Remote Terminal to Bus Controller 

3) Remote Terminal to Remote Terminal 
4) Mode Code without Data Word 
5) Mode Code with Data Word (transmit) 
6) Mode Code with Qata Word (receive) 
7) Broadcast Bus Controller to Remote Terminal 
8) Broadcast Remote Terminal to Remote Terminal 
9) Broadcast Mode Code without data 

10) Broadcast Mode Code with data 

Bus Controller Transaction (RT/BC of the COM1553B set low) 

The following section describes each 1553B information 
transfer format from the Bus Controller viewpoint. A table 
showing external memory operation is also provided for 
each message format. 

Note that all MIL-STD-1553B serial bus activity is initi
ated by the Bus Controller. 

Bus Controller-to-Remote Terminal Transfer (BC to RT) 
This message format covers transactions where the Bus 

Controller transmits a receive Command and Data Words 
to a Remote Terminal. Initializing the COM1553B is accom
plished by the processor loading an external memory 
address counter with the starting address of the COM1553B 
memory control block (address where the Command Con
trol Code CB2-CBO resides). The Bus Controller processor 
next issues a Command Strobe (CSTR) and holds it 
low until the COM1553B issues a Command Strobe Ack
nowledge (CST RA). The COM 1553B then responds with a 
Data Transfer Request (DTR) which initiates a normal 
memory cycle. 

Refer to figure 1 for timing associated with loading the 
Command Control Codes (CB2-CBO) into the COM1553B 

prior to transmitting the Command Word. 
The first memory cycle loads the Command Control Code 

bits CB2-CBO from external memory into the COM1553B 
functioning as Bus Controller (BC). The BC decodes this 
command to determine the type of memory transaction to 
perform (refer to TABLE A). The next read cycle loads the 
Command Word into the BC command register and then 
transmits it onto the 1553B bus. This Command Word, while 
in the command register, determines the BC mode of oper
ation. The BC then completes this BC to RT transaction by 
issuing a predetermined number of read cycles (deter
mined by the value in the word count field of the Command 
Word) and transmitting the data onto the 1553B bus. After 
transmission of the last Data word, the BC initializes its 
response timer, expecting a Status Word from the remote 
terminal within 14 µs. 

After the reception of the Status Word, the BC initiates a 
memory write cycle which writes the Status Word into the 
external memory. If the BC doesn't receive the Status Word 
within the allowed response time the message error bit 
is set. 

OTA l._ __ _:---------LOW UNTIL 
• jBGACK , .... ------------~ 

CID ------------- LOW UNTIL DTACK 

LOW UNTIL 
SOON AFTER 
OT ACK 

R!W I LOW UNTIL DTACK 

BGACK ---, CAUSES OTA HIGH 

-!._ _____ ..... 

------- ------ LOW UNTIL----! LOW UNTIL WE HIGH I WE HIGH I 
LOW UNTIL 

SOON AFTER 
OT ACK 

DTACK ------- LOW UNTIL LOW UNTIL 
L..Jr-----------~r--------, C'DHIGHI - ---

DATA BUS -------4~>----------J( ~~1Ao )>--------1.(]ID~---

COMMAND WRITE DATA WRITE DATA READ 

FIGURE2 
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TABLE 3 
BC to RT (The BC transmits a receive 

command to the RT) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 RECEIVE READ 

COMMAND 
3 DATA READ . DATA READ . DATA READ 
32 DATA READ 

** 
33 STATUS WRITE 

*reads command control code bits CB2-CBO 
··*response time 
X = don't care 

Remote Terminal Transfer to Bus Controller 
This message format covers transactions where the Bus 

Controller sends a transmit command to a Remote Terminal 
and requests data from it. Initialization of the BC for normal 
memory cycles is the same as the previous transfer. The 
difference between this transfer and the previous transfer 
is that after the Command Word is transmitted, the BC waits 
14 µs for the Status Word and the requested number of Data 
Words. The Status and Data Words are written into external 
memory via write cycles as they are received by the BC. 

TABLE 4 
BC to RT (The BC transmits a Transmit 

Command to an RT) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 TRANSMIT READ 

COMMAND 
** 

3 STATUS WRITE 
4 DATA WRITE . DATA WRITE . DATA WRITE 
36 DATA WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

RT-to-RT Transfer 
In this message format, the Bus Controller first issues a 

receive Command Word to the receiving Remote Terminal, 
followed by a transmit Command Word to the transmitting 
terminal. Next, the transmitting RT responds with a Status 
Word and the requested number of Data Words to both the 
receiving RT and BC. The receiving RT at the end of the 
message sends a Status Word to the BC. As Status and 
Data Words are received by the BC they are written into 
external memory. 

MEMORY 
ADDRESS 

1 
2 

3 

4 

5 . . 
36 

37 

TABLE 5 
RT to RT 

MEMORY 
CONTENTS 

XXX3H 
RECEIVE 
COMMAND 
TRANSMIT 
COMMAND 

STATUS 
(transmitting 
RT) 
DATA 
DATA 
DATA 
WRITE 

** 

STATUS 
(receiving RT) 

COM1553B 
MEMORY 

OPERATION 

READ* 
READ 

READ 

WRITE 

WRITE 
WRITE 
WRITE 

WRITE 

*reads command control code bits CB2-CBO 
**response time 
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X = don't care 

Mode Code Command without Data 
The Bus Controller transmits a specific Mode Command 

and expects a Status Word back from the addressed 
Remote Terminal. 

TABLE 6 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 CQMMAND READ 

** 
3 STATUS WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 
Mode Command with Data 
(BC receives a single word) 

In this mode the Bus Controller issues a transmit Mode 
Command to an RT. The addressed Terminal responds to 
the Bus Controller with a Status Word and a single Data 
Word. 

TABLE7 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 COMMAND READ 

** 
3 STATUS WRITE 
4 DATA WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 



Mode Command with Data 
(BC transmits a single word) 

The Bus Controller issues a receive Mode Command and 
one Data Word to a Remote Terminal. A Status Word is 
returned by the Remote Terminal to the Bus Controller. 

TABLE 8 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 COMMAND READ 
3 DATA READ 

** 
4 STATUS WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

Bus Controller (Broadcast) to Remote Terminal Transfer 
In this mode the Bus Controller issues a Broadcast Com

mand followed by a number of Data Words. In all Broadcast 
Command transfers a BC will not expect to receive a Status 
Word back. 

TABLE 9 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 RECEIVE READ 

COMMAND 
3 DATA READ 

DATA READ . DATA READ 
34 DATA READ 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

RT to RT Transfer (Broadcast) 
This transfer is similar to the normal RT to RT transfer 

with the exception that the Status Word is not returned by 
the receiving RT. 

TABLE10 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX3H READ* 
2 RECEIVE READ 

COMMAND 
3 TRANSMIT READ 

COMMAND 
** 

4 STATUS WRITE 
5 DATA WRITE . DATA WRITE . DATA WRITE 
36 DATA WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

Remote Terminal Transaction (RT/BC input of the COM1553B set high) 

The following section addresses each COM1553B 
information transfer format from the Remote Terminal 
viewpoint. 

Bus Controller to Remote Terminal Transfer 
(BC to RT, where RT receives data) 

In this transfer the COM1553B designated as the RT 
receives a command to receive data. As the Command 
Word is completely shifted into the receive shift register, the 
RT compares the Command Word address field with the 
preloaded Remote Terminal address. This determines if the 
message is addressed to the receiving RT. If the Command 
Word is valid, the RT issues a Data Transfer Request (DTR) 
to initiate a memory cycle. Once the processor relinquishes 
control of the data bus, during the Bus Acknowledge 
(BGACK) time, the Command Word is placed on the data 
bus. 
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The Subaddress field is thereafter decoded by external 
logic and the Command word is written into external 
memory. The RT then receives a predetermined number of 
Data Words (specified by the word count field). As each Data 
Word is received it is written into external memory. Afterthe 
reception of the last Data Word the RT transmits the Status 
Word, the Message Error, Broadcast Flag, Terminal Flag, 
Subsystem Flag, Busy, and Service Request bits are 
updated for all commands except for the Transmit Status 
Word and Transmit Last Command Code commands. While 
transmitting the Status, the RT writes it into memory. The 
RT also writes the Last Command Register, Error Register 
and Receive Register into memory and then asserts Mes
sage complete. 

Note that the receive register of the RT will contain the 
transmitted Status Word. 



TABLE 11 
BC TO RT (RT receives a data from BC) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 DATA WRITE 
3 DATA WRITE . . WRITE . . WRITE 
32 DATA WRITE 

** 
33 STATUS WRITE 
34 LAST WRITE 

COMMAND 
35 ERROR WRITE 

REGISTER 
36 RECEIVE WRITE 

REGISTER 

Remote Terminal-to-Bus Controller Transfer 
(RT transmits data to BC) 

The Remote Terminal receives a Transmit Command 
Word from the Bus Controller. The RT will then proceed to 
decode the Command Word, as in the previous case and 
within the response time transmits the Status Word. 

While the Status Word is being transmitted the RT issues 
a write memory cycle to write the Status Word into external 
memory. Thereafter, the Data words are read from memory 
and transmitted. After the last word is transmitted the RT 
writes the contents of the Last Command Register, Error 
Register and the Receive Register into memory. 

TABLE12 
Remote Terminal to Bus Controller 

(RT Transmits Data to BC) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
** 

2 STATUS WRITE 
3 DATA READ . DATA READ . DATA READ 
32 DATA READ 
33 LAST WRITE 

COMMAND 
34 ERROR WRITE 

REGISTER 
35 RECEIVE WRITE 

REGISTER 

**response time 

Remote Terminal-to-Remote Terminal Transfers 
From the Remote Terminal viewpoint, RT-to-RT trans

fers are similar to the RT to BC receive or transmit data 

transfers. The only exception is that the receiving terminal 
waits for the first Data Word from the transmitting terminal. 
This satisfies the protocol requirement that the transmitting 
terminal first send its status to the controller before it trans
mits the data to the receiving terminal. 

Mode Command with Data 
(RT receives a Mode Code Command to transmit) 

In this transfer, after the Transmit Mode Command is 
received, the RT transmits the Status and one Data Word. 

TABLE13 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
** 

2 STATUS WRITE 
3 DATA READ* 
4 LAST WRITE 

COMMAND 
5 ERROR WRITE 

REGISTER 
6 RECEIVE WRITE 

REGISTER 

*For a Transmit Last command Mode Code, Data is not 
read from memory but transmitted from the internal Last 
Command register. 

**response time 

Mode Code Command with Data 
(RT receives a Mode Command to receive) 

This transfer is similar to a Receive Command having only 
one Data Word. 

TABLE 14 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 DATA WRITE 

** 
3 STATUS WRITE 
4 LAST WRITE 

COMMAND 
5 ERROR WRITE 

REGISTER 
6 RECEIVE WRITE 

REGISTER 

**response time 
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Bus Controller Broadcast Transfer to RT 
The RT receives a Broadcast Command to receive data. 

If data received during a broadcast message is invalid, the 
COM1553B will set the message error bit. 



MEMORY 
ADDRESS 

1 
2 . . 
32 
33 
34 

35 

TABLE15 
RT RECEIVE 

MEMORY 
CONTENTS 

COMMAND 
DATA 
DATA 
DATA 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 

COM1553B 
MEMORY 

OPERATION 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE* 
WRITE 

WRITE 

*In all broadcast transfers, a memory cycle is shown for the 
Status Word but the RT does not transmit it on the 1553B 
bus. 

Broadcast Mode Code Command with Data 
This Broadcast Mode Code command is detected if the 

MSB of the word count field is a logical high. 
Transmission of the Status Word is suppressed as in the 

previous case but is loaded into external memory. 

MEMORY 
ADDRESS 

1 
2 
3 
4 

5 

TABLE 16 
RT RECEIVE 

MEMORY 
CONTENTS 

COMMAND 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 

COM1553B 
MEMORY 

OPERATION 

WRITE 
WRITE 
WRITE* 
WRITE 

WRITE 

*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553B bus. 
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Broadcast Mode Code Command Without Data 
This Mode Code command is detected if the MSB of 

the word count field is zero. This transaction is the same as 
the previous transfer except that there is no Data Word 
transfer. 

TABLE 17 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 STATUS WRITE* 
3 LAST WRITE 

COMMAND 
4 ERROR WRITE 

REGISTER 

*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RTdoes not transmit it on the 
1553B bus. 

Broadcast RT to RT Transfer 
For this message transfer a Broadcast Command 

to receive is issued by the Bus Controller. This is followed 
by a normal Transmit Command to the transmitting Re
mote Terminal. The Remote Terminal responds with a nor
mal transmit message format of Status Word and Data 
Word(s). The receiving terminals do not transmit a: Status 
Word after receiving the data. However, they do go through 
a memory cycle to load the Status Word into their respec
tive memories. 

For the Remote Terminal receive transfer refer to Table 
15. The only difference in this transfer is that there is a gap 
time between the Command and Data word. 

For the Remote Terminal transmit transfer refer to Table 
12. The only difference in this transfer is that the Receive 
Register is not written into memory. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................................................ - 55 to + 125°C 
Storage Temperature Range .................................................................................. - 55 to + 150°C 
Lead Temperature (soldering, 10 seconds) ............................................................................ + 325°C 
Positive Voltage on any pin ...................................................................... : . . . . . . . . . . . . . . . . . . . . . . + 15V 
Negative Voltage on any pin except VBB, with respect to ground .......................................................... - .3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA = - 55 to 125°C, Vee = 5.0V ± 5%, V00 = 12V ± 5%, V88 = - 5V ± 5% 

PARAMETER 

V1L Input Low Voltage 
V1H Input High Voltage 
V0L Output Low Voltage 
V0 H Output High Voltage 
IL Input Leakage Current 
C1N Input Capacitance 
C0 Output Capacitance 
CL Load Capacitance 
Pw Power Dissipation 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER 

elk clock frequency 
t, Clk, rise time 
t, Clk, fall time 
t, DTR and WE 
t2 BGACK to DTR 
t3 WE to DATA 
t4 DTACK to WE 
t5 DTACK to RIW 
t6 DTACK to CID 
t1 CSTR to CSTRA 
ta CSTRA to CSTR 
t9 CSTRA width 
t10 CID to DATA 

MIN 
-0.3 

3 

2.4 

MIN 

0.5 
0.8 

0 

TYP 

4 

10 
10 

100 
0.8 

TYP 

12 
6 
6 
0.6 
1.3 

100 
1.5 
1 
1.5 

500 

MAX 
0.8 

Vee 
0.4 
5 

10 
25 
15 

150 

MAX 

1 
2 

2 
1.5 
2.5 

673 
1.5 
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UNITS 

v 
v 
v 
v 

µA 
pf 
pf 
pf 
w 

UNITS 

MHz 
ns 
ns 
µs 
µS 
ns 
µS 
µs 
µs 
µS 
µS 
ns 
ns 

COMMENTS 

Im= -3.2 mA 
loH = .8mA 

COMMENTS 

50% duty cycle 
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AC CHARACTERISTICS 
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STANDARD MICROSYSTEMS 
CORPORATION, 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
~?~P?,RATION~~~~~ 
, .••• t •. /,,ff.,.,,. .. :····:.,·:· .... ·:: .F 

COM1671 
JLPCFAMILV 

Asynchronous/Synchronous Transmitter-Receiver 

AST RO 
FEATURES 
D SYNCHRONOUSAND 

ASYNCHRONOUS 
Full Duplex Operations 

D SYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Two Successive SYN Characters Sets 

Synchronization 
Programmable SYN and OLE Character 

Stripping 
Programmable SYN and OLE-SYN Fill 

D ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 1112-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 

D BAUD RATE-DC TO 1 M BAUD 
D 8 SELECTABLE CLOCK RATES 

Accepts 1 X Clock and Up To 4 Different 
32X Baud Rate Clock Inputs 

Up to 47% Distortion Allowance With 32X 
Clock 

D SYSTEM COMPATIBILITY 
Double Buffering of Data 
8-Bit Bi-Directional Bus For Data, Status, 

and Control Words 
All Inputs and Outputs TTL Compatible 
Up To 32 ASTROS Can Be Addressed 

On Bus 
On-Line Diagnostic Capability 

D ERROR DETECTION 
Parity, Overrun and Framing 

PIN CONFIGURATION 

Vee 1 40 Voe 
IACKI 2 39 RE 

Cs 3 38 CA (Im) 
WE 4 37 BA (TSO) 

IACKO 5 36 cs ccrn 
R?IY 6 35 58 (1~T_Cl 
INTR 34 00 (1XRC) 

6AL0 33 R4 

9 032 R3 
10 31 R2 
11 30 R1 

DAL4 12 29 CF CCARRl 
DAL5 13 28 cc (O'Sl'i) 
l5A[6 14 27 B~ (HSI) 
DAL? 15 26 103 

<TI'i1i) co 16 25 104 
iITT 17 24 105 

(RiNGl CE 18 23 MR 
MISC 19 22 106 

(V51)GND 20 

D COPLAMOS® n-Channel Silicon 
Gate Technology 

D Pin for Pin replacement for 
Western Digital UC1671 and 
National INS 1671 

D Baud Rate Clocks Generated by 
COM5036@ 1X and 
COM5016-6@32X 

APPLICATIONS 
Synchronous Communications 
Asynchronous Communications 
Serial/Parallel Communications 

General Description 

. The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 

The ASTRO contains several "handshaking" signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 

The COM1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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~I 

COMMUNICATION 
CHANNEL CONTROL 

Organization 

CLOCK 
CONTROL 

Data Access Lines - The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and control words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 

Receiver Buffer- This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 

Receiver Register- This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 

Syn Register- This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization 
code used for receiver character synchronization. It serves as a fill character when no new data is available 
in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 

Comparator- The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 
the Receiver Register and the SYN register or the OLE register. A match between the registers sets up 
stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 

OLE Register - This 8-bit register is loaded from the DAL bus by a Write operation and holds the OLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
OLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single OLE character prior to any data character transmission while in the transmitter transparent mode. 

Status Register - This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 

Control Registers - There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be 
loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 

Transmitter Buffer- This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 

Transmitter Register - This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 
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Astro Operation 

Asynchronous Mode 

Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 

The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1, the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic 0 when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 

In the Asynchronous mode the character transmission occurs when information contained in the 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1, 1.5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character 
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter 
Buffer is loaded. 

Synchronous Mode 

Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 
at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, a second SYN character is present, the Receiver enters the 
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character 
is not found, the Receiver reverts back to the Search mode. 

In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the OLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 

The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock.inputs. 
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with + 0%, -3% at the positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1 /32nd of a bit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register it is transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero's. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/OLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
a new character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
OLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and 
OLE Detect are set with the next non SYN or non OLE character. When both CR23 and CR14 are set 
(Transparent mode), the OLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the OLE character. If two successive OLE characters are received only the 
first OLE character is stripped. No parity check is made while in this mode. 

Transmitter 
Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitter is not enabled. Transmission of data occurs 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the OLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force OLE signal 
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1 ). The control bit CR15 must be 
set prior to loading of a new character in the Transmitter Buffer to insure forcing the OLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the 1X clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Transmitter 
Buffer, when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR16 = 0). In the Synchronous Transmit 
Transparent mode (CR16=1 ), the idle state will be filled by OLE-SYN character transmission in that 
order. When entering the Transparent mode OLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1. 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted 
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 
All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input 

lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/ output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO. 

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then sets its RPL Y line low to acknowledge its readiness to transfer data. Bit 0 must be a logic 0 in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 
read/write operations. 

Read 
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: 

Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 
100 Status Register 
110 Receiver Buffer 

When the Read Enable (RE) line is set to a logic 0 condition by the Controller the ASTRO gates the contents 
of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected, 
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic 
high state. 

Write 
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 

Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 
100 SYN and OLE Register 
110 Transmitter Buffer 

When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. 

The 100 address loads both the SYN and OLE re"gisters. After writing into the SYN register the device is 
conditioned to write into the OLE if followed by another Write pulse with the 100 address. Any intervening 
Read or Write operation with other addresses 6fl3lheffASTROs resetsffiTs conditfori such that the next 100 will 
address the SYN register. 

Interrupts 
The following conditions generate interrupts: 

Data Received (DR) 
Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 

Transmitter Buffer Empty (TBMT) 
Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 

Carrier On 
lndicates .... C'""'"a-rr~ie-r-.D"'""e--=t-e-ct,_o-r input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Carrier Off 
lndicatesC ~-ar-r~ie-r=D-et~e-c-to-r input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready On 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Ring On 
Indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is low. 

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 

The Controller acknowledges the Interrupt request by setting the Chip Select (CS} and the Interrupt 
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 
the IACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained 
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPL Y 
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a low RE signal is received. 
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO. 
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Description of Pin Functions 

Pin No. Symbol Pin Name 1/0 Function 

1 Vas POWER SUPPLY PS - 5 Volts 
21 Vee POWER SUPPLY PS + 5 Volts 
40 Voo POWER SUPPLY PS + 12 Volts 
20 Vss GROUND GND Ground 

23 MR MASTER RESET The Control and Status Registers and other controls 
are cleared when this input is low. 

8- DALO- DATA ACCESS LINES 1/0 Eight-bit bi-directional bus used for transfer of data, 
15 DAL? control status, and address information. 

17 ID? SELECT CODE Five input pins which when hard-wired assign the 
22 ID6 device a unique identification code used to select 
24 ID5 the device when addressing and used as an 
25 ID4 identification when responding to interrupts. 
26 ID3 

3 cs CHIP SELECT The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 

39 RE READ ENABLE This input, when low, gates the contents of the 
addressed register from a selected AST RO onto 
the DAL bus. 

4 WE WRITE ENABLE This input, when low, gates the contents of the DAL 
bus into the addressed register of a selected 
ASTRO. 

7 INTR INTERRUPT 0 This open drain output, to facilitate WIRE-ORing, 
goes low when any interrupt conditions 
occur. 

2 IACKI INTERRUPT When the Controller (determining the interrupting 
ACKNOWLEDGE IN ASTRO) makes this input low, the ASTRO places 

its ID code on the DAL bus and sets reply low if it is 
interrupting, otherwise it makes IACKO a low. 

5 IACKO INTERRUPT 0 This output goes low in response to a low IACKI if 
ACKNOWLEDGE OUT the ASTRO is not the interrupting device. 

6 RPLY REPLY 0 This open drain output, to facilitate WIRE-ORing, 
goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that it is the interrupting source. 
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Description of Pin Functions 

Pin No. Symbol Pin Name 1/0 Function 

30 R1 CLOCK RATES These four inputs accept four different local 32X 
31 R2 data rate Transmit and Receive clocks. The input on 
32 R3 R4 may be divided down into a 32X clock from a 
33 R4 32X, 64X, 128X, or 256X clock input. The clock used 

in the ASTRO is selected by bits 0-2 of Control 
Register 2. 

37 BA TRANSMITTED DATA 0 This output is the transmitted serial data from the 
ASTRO. This output is held in a Marking condition 
when the transmitter section is not enabled. 

27 BB RECEIVED DATA This input receives serial data into the ASTRO. 

38 CA REQUEST TO SEND 0 This output is enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 
from the ASTRO. 

36 CB CLEAR TO SEND This input, when low, enables the transmitter 
section of the ASTRO. 

28 cc DATA SET READY This input generates an interrupt when going ON or 
OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 

16 CD DATA TERMINAL 0 This output is generated by bit O in Control Register 
READY 1 and indicates Controller readiness. 

18 CE RING INDICATOR This input from the Data Set generates an interrupt 
when made low with Data Terminal Ready in the 
OFF condition. 

29 CF CARRIER DETECTOR I This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 

35 DB TRANSMITTER This input is the Transmitter 1 X Data Rate Clock. 
T-IMING Its use is selected by bits 0-2 of Control Register 2. 

The transmitted data changes on the negative 
transition of this signal. 

34 DD RECEIVER TIMING This input is the Receiver 1 X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 

19 MISC MISCELLANEOUS 0 This output is controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 

The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 

Control Register 1 

BIT 7 6 5 4 3 2 1 0 

SYNC/ASYNC ASYNC ASYNC (TRANS. ENABLED) ~ ASYNC SYNC/ASYNC SYNC/ASYNC SYNC/ASYNC 

0 - LOOP 0 - NONBREAK O - 11/2 or 2 STOP BIT 0 - NON ECHO MODE 0 - NO PARITY ENABLED 0 - RECEIVER 0 - SETS rfi'S 0 - SETS iifR 
MODE MODE SELECTION 1 - AUTO ECHO MODE 1 - PARITY CHECK DISABLED OUT=1 OUT=J_ 

1 - NORMAL 1 - BREAK MODE 1 - SINGLE STOP BIT ENABLED ON 1 - RECEIVER 1 - SETS !ITS 1 - SETS DTR 
MODE TX SELECTION SYNC (CR12=1) RECEIVER ANO ENABLED OUT=O OUT=O 

PARITY GENERATION 
~ ASYNC (TRANS. DISABLED) 0 - OLE STRIPPING ENABLED ON 

NOT ENABLED TRANSMITTER 
0 - TRANSMITTER 0- ~OUT=1 1 - OLE STRIPPING 

NON TRANS- 1 - tiTSC OUT=O ENABLED ~ 
PARENT MOOE 

1 - TRANSMITTER SYNC (CR16 = 0) SYNC (CR12 = 0) 0 - RECEIVER PARITY 
TRANSPARENT CHECK IS DISABLED 
MOOE 0 - NO PARITY 0 - fJTSC OUT=1 1 - RECEIVER PARITY 

GENERATED 1 - MfSC OUT=O CHECK IS ENABLED 
1 - TRANSMIT PARITY 

ENABLED 

SYNC (CR16=1) 

0 - NO FORCE OLE 
1 - FORCE OLE 

Bit O 
Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 
A logic 1 enables the Carrier and Data Set Ready interrupts. A logic O enables only the telephone line 
Ring interrupt. The DTR output is inverted from the state of CR10. 

Bit 1 

Controls the Request to Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output 
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables 
the Transmitter and allows TBMT interrupts to be generated. A logic O disables the Transmitter and 
turns off the external Request to Send signal. Any character in the Transmitter Register will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 103 Data Sets. 

Bit 2 

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 
Bits 1, 2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the Receiver and clears 
the Receiver Status bits. 

Bit 3 
Asynchronous Mode 

A logic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 

Synchronous Mode 

A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
controlled by CR15. 
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Bit 4 
Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 
mode the clocked regenerated data is presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 
condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subs.equent null characters, '"ith logic zero Stop bits, a steady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode. 

Synchronous Mode 
A logic 1, with the Receiver enabled does not allow assembled Receiver data matching the OLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 
When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 

Bit5 
Asynchronous Mode 

A logic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes 
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits for a 
character length of 5 bits. 
With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 

Synchronous Mode 
A logic 1 combined with a logic O on Bit 6 of Control Register 1 enables Transmit parity; if CR15=0 or 
CR16=1 no parity is generated. When set to a logic 1 with Bit 6 also a logic 1, the contents of the OLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 

Bit 6 
Asynchronous Mode 

A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is-enabJ.ed. Normal Transmitter timing continues 
so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 

Synchronous Mode 
A logic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time will be filled by OLE-SYN character transmission and a OLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing OLE transmission, Bit 5 should be set to 
a logic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter Register prior to sending the OLE character. 

Bit7 
A logic O configures the ASTRO into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 

a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 

b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock. 

c. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input 
pin is disregarded. 

d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector (CF) 
inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 

e. The Miscellaneous pin is held in an OFF (logic high) condition. 

A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 

Control Register 2, unlike Control Register 1, cannot be changed at any time. This register should be 
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 

BIT 7 6 5 4 3 2 1 0 

SYNC/ASYNC MODE SELECT SYNC/ASYNC ASYNC SYNC/ ASYNC 

CHARACTER LENGTH SELECT 0 - ASYNCHRONOUS 0 - EVEN PARITY 0 - RECEIVER CLK= CLOCK SELECT 
SELECT RATE 1 

00=8 BITS MODE 1 - ODD PARITY 1 - RECEIVER CLOCK 000 - 1 X CLOCK 
01 =7 BITS 1 - SYNCHRONOUS SELECT DETERMINED BY 001 - RATE 1 CLOCK 
10=6 BITS MODE BITS 2·0 010 - RATE 2 CLOCK 
11 =5 BITS 011 - RATE 3 CLOCK 

SYNC (CR16 = 0) 100 - RATE 4 CLOCK 
101 - RATE 4 CLOCK + 2 

0 - NO SYN STRIP 110 - RATE 4 CLOCK -c 4 
1-SYN STRIP 111 - RATE 4 CLOCK -c 8 

SYNC (CR16 = 1) 

0 - NO OLE-SYN STA IP 
1 - DLE·SYN STRIP 

Bits 0-2 
These bits select the Transmit and Receive clocks. 

Bits Clock Source 
2 1 0 Tx I Rx 
0 0 0 1 X Clock (Pin 35) I 1X Clock (Pin 34) 
0 0 1 Rate 1 32X clock (Pin 30) 
0 1 0 Rate 2 32X clock (Pin 31) * 

0 1 1 Rate 3 32X clock (Pin 32) * 

1 0 0 Rate 4 32X clock (Pin 33) * . 

1 0 1 Rate 4 32X clock (Pin 33) (7 2) *t 

1 1 0 Rate 4 32X clock (Pin 33) ( 7 4) *t 

1 1 1 Rate 4 32X clock (Pin 33) ( 7 8) *t 

NOTES: 
•Rx clock is modified by bit 3 in the asynchronous mode. 
tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock 
which may be available. 

Bits3 
Asynchronous Mode 

A logic O selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 1 
for the 1 X clock selection by Bits 2-0. 

Synchronous Mode 
A logic 1 causes all OLE-SYN combination characters in the Transparent mode when OLE strip (CR14) 
is a logic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 

Bit 4 
A logic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13 
and/ or CR15. 

Bit5 
A logic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode. 

Bits6-7 
These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity= 6 bits). 
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Status Register 

The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 

7 6 5 4 3 2 1 0 
•Data •Data •Carrier •Framing •OLE •Overrun •Data • Transmitter 

Set Set Detector Error Detect Error Received Buffer 
Change Ready •Syn •Parity (DR) Empty 

(DSR) Detect Error (TBMT) 

Bit 0 
A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1 
when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when 
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 

Bit 1 
A logic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 

Bit 2 
A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 
Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfer time) or when the Receiver is disabled. 

Bit 3 
When the OLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the OLE 
register; otherwise it is cleared. The OLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If OLE Strip is not enabled this bit is set to a logic 1 
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character 
has a Parity error. A logic 0 on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 

Bit4 
Asynchronous Mode 

A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected. 

Synchronous Mode 
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 

In both modes the bit is cleared when the Receiver is disabled. 

BitS 
This bit is the logic complement of th.e Carrier Detector input on Pin 29. 

Bit6 
This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 
it can be used for Secondary Receive. 

Bit7 
This bit is set to a logic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector 
inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, with DTR a 
logic o. This bit is cleared when the Status Register is read onto the DAL bus. 
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Flow Chart Receiver Operations 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................. 0°C to + 70°C 
Storage Temperature Range ............................................... -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ................................................ + 325°C 
Positive Voltage on any Pin, with respect to ground ...................................... +18.0V 
Negative Voltage on any Pin, with respect to ground ....................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 
(TA =0°C to 70°C, Vee=+ 5V ±5%, V00 = + 12V ±5%, V88 =-5V ±5%, Vss= OV, unless otherwise noted) 

Parameter Min Typ. Max. Unit Comments 

I D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, v,L 0.8 v 
High Level, V1H 2.4 v 
OUTPUT VOLTAGE LEVELS 
Low Level, VoL 0.4 v IOL = 1.6ma 
High Level, VoH 2.4 loH= 100µ.a 

INPUT LEAKAGE 
Data Bus 5.0 10.0 µa o~v,N~5v 

All others 5.0 10.0 µa V1N= +12V 
POWER SUPPLY CURRENT 

Ice 80.0 ma 
loo 10.0 ma 
Isa 1.0 ma 

A.C. Characteristics TA=25°C 
CLOCK-RCP, TCP 

frequency 1.0 MHz 
DAL Bus 

TAs Address Set-Up Time 0 ns 
TAH Address Hold Time 150 ns 
TARL Address to RPL Y Delay 400 ns 
Tes CS Width 250 ns 
TcsRLF CS to Reply OFF Relay 0 250 ns RL =2.7 Kn 

Read 
TARE Address and RE Spacing 250 ns 
TRECSH RE and CS Overlap 20 ns 
TRECS RE to CS Spacing 250 ns 
TREO RE to Data Out Delay 180 ns CL =20 pf 

Write 
TAWE Address~ WE Spacing 250 ns 
TwecsH WE and CS Overlap 20 ns 
TwE WE Width 200 1000 ns 
Tos Data Set-Up Time 150 ns 
ToH Data Hold Time 100 ns 
Twecs WE to CS Spacing 250 ns 

Interrupt 
Tcs1 CS to IACKI Delay 0 ns 
TcsRE CS to RE Delay 250 ns 
TcsREH CS and RE Overlap 20 ns 
TRECS RE to CS Spacing 250 ns 
Tp1 IACKI Pulse Width 200 ns 
T1AO IACKI to V~ID Code Delay 250 ns See Note 1. 
TREO RE OFF to DAL Open Delay 180 ns 
TIARL IACKI to RPL Y Delay 250 ns See Note 1. 
TcsRLF CS to RPL Y OFF Delay 0 250 ns RL =2.7 Kn 
Tu IACKI to IACKO Delay 200 ns 
TREI RE OFF to IACKO OFF Delay 250 ns 

Note 1: If RE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights.of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 t 

COM 1863 
·COM8018 

µPC FAMILY 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 
0 Compatible with TR1863 timing 

0 High accuracy 32X clock mode: 48.4375% Receiver Distortion 
Immunity and improved RDA/ROA operation (COM 8018 only) 

D High Speed Operation-62.5K baud, 200ns strobes 

D Single +5V Power Supply 
D Direct TTL Compatibility-no interfacing circuits required 

D Input pull-up options: COM 8018 has low current pull-up 
resistors; COM 1863 has no pull up resistors 

D Full or Half Duplex Operation-can receive and transmit 
simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for precise external 
timing 

D Improved Start Bit Verification-decreases error rate 

D 46.875% Receiver Distortion Immunity 

D Fully Programmable-data word length; parity mode; number 
of stop bits: one, one and one-half, or two 

D Master Reset-Resets all status outputs and Receiver Buffer 
Register 

D Three State Outputs-bus structure oriented 

D Low Power-minimum power requirements 
D Input Protected-eliminates handling problems 

D Ceramic or Plastic DIP Package-easy board insertion 
D Baud Rates available from SM C's COM 8046, COM 8116, 

COM 8126, COM 8136, COM 8146 baud rate generators 

GENERAL DESCRIPTION 
The Universal Asynchronous Receiver/Transmitter is an 
MOS/LSI monolithic circuit that performs all the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SM C's 
patented COPLAMOS® technology and employs depletion 
mode loads, allowing operation from a single +5V supply. The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 

*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high 
accuracy mode. If pin 2 is connected to -12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, 
and the UART will operate in a 16X clock mode. Pin 2 is not con
nected on the COM 1863. 
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TDS 

TCP 

cs 

NPB 
NSB 

RCP 
17 

I 
PIN CONFIGURATION 

Voo 40 TCP 
'HIACC 39 POE 

Gnd 3B NDB1 
~ 37 NDB2 
ROB 36 NSB 
A07 3S NPB 
AD6 34 cs 
ADS 33 TDB 
A04 :,o:: TD7 
ADJ TD6 
AD2 11 30 TDS 
AD1 12 29 TD4 
APE 13 2B TD3 
RFE 14 27 TD2 

ROA 1S 26 TD1 
SWE 16 2S TSO 
RCP 17 24 TEOC 

ROAR 18 23 IDS 
RDA 19 22 TBMT 
RSI 20 21 MR 

PACKAGE: 40-Pin D.l.P. 

FUNCTIONAL BLOCK DIAGRAM 
TD1 TD2 TD3 TD4 TDS TD6 TD? TDB 

TSO 

24 
TEOC 

SWE 

TBMT 
APE 
RFE 
ROA 
RDA 

ROAR 

MR 

Voo 
HIACC' 
Gnd 

RECEIVER BUFFER REGISTER 

ROB RD7 RD6 ADS AD4 AD3 AD2 AD1 



DESCRIPTION OF OPERATION-TRANSMITTER 

At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 
When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed · 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may 05cur simulta
neously. Once the data strobe (TD ) has been 
pulsed, the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 
If the transmitter shift register is transmitting pre
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 

commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 
If new data is loaded into the data bits buffer register 
at this ti me, TBMT goes low and remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 
Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 

TRANSMITTER BLOCK DIAGRAM 

ODD/EVEN 
PARITY SELECT 

DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 NO NUMBER NUMBER OF 
PARITY STOP BITS DATA BITS 

CONTROL 
STROBE 

16X or 32X 
CLOCK 

HIACC 

CONTROL BITS HOLDING REGISTER 

TO 
RECEIVER 

TIMING GENERATOR 

DATA BITS HOLDING REGISTER 
BUFFER 

PARITY BIT GENERATION LOGIC 

_ __,, ___ DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

END OF 
CHARACTER 

DESCRIPTION OF OPERATION-RECEIVER 

At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied and master reset is pulsed. The data 
available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RSI line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HIACC = O) or 31/64 to 
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33/64 bit times (in the 32X mode, HIACC = 1 ), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity bit received (if selected) and the 
stop bit(s) received. 



If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framing error flip-flop is set high, indicating a fra
ming error. 

receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 

Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re
ceiving the next character. Due to the double buf
fered receiver, a full character time is available to 
remove the received character. 

On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If, at this instant, the RDA 
signal is high, or the ROAR signal is low, the 

CONTROL 
BITS FROM 

HOLDING 

RECEIVER BLOCK DIAGRAM 

RDS RD? RD6 RDS RD4 RD3 RD2 RD1 

3-STATE BUFFER 

DATA BITS HOLDING REGISTER 
BUFFER 

RESET DATA 
~ 

FRAMING 
ERROR 

PARITY ERROR 

TRANSMITTER 
BUFFER EMPTY 

REGISTER ------------.---4------. 
SERIAL 

INPUT 

16X or 32X 
CLOCK 

START BIT 
VERIFICATION 

PARITY BIT 
CHECKING LOGIC 

HIACC----"'-------------' 

RIGHT 
JUSTIFY LOGIC 

RECEIVER SHIFT 
CP REGISTER 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

1 Voo Power Supply +5 volt Supply 

2 HIACC High Accuracy Enables 32X clock and improved RDA/ROR operation. 
Mode See NOTE on high accuracy mode. 

3 GND Ground Ground 

--
4 ROE Received Data A low-level input enables the outputs (RD8-RD1) of the 

Enable receiver buffer register. 

--
5-12 RD8-RD1 Receiver Data These are the eight 3-state data outputs enabled by ROE. 

Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

--

13 RPE Receiver Parity This 3-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 

selected parity. 

--

14 RFE Receiver Framing This 3-state output (enabled by SWE) is at a high-level if 
Error the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

15 ROR Receiver Over This 3-state output (enabled by SWE) is at a high-level if 
Run the previously reqeived character is not read (RDA output 

reset not completed) before the present character is 
transferred into the receiver buffer register. 

--
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR, 

Enable RDA, and TBMT) of the status word buffer register. 

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired receiver baud rate. 

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level. 
Available Reset RDAR must have gone low and come high again before 

ROR is sampled to avoid overrun indication. 

--
19 RDA Receiver Data This 3-state output (enabled by SWE) is at a high-level 

Available when an entire character has been received and transferred 
into the receiver buffer register. 

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level 
Input (mark) to low-level (space) transition is required to initiate 

data reception. 

21 MR Master Reset This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA,RPE, RFE,ROR and RD1-RD8 to a low-level. 

--
22 TBMT Transmitter This 3-state output (enabled by SWE) is at a high-level 

Buffer Empty when the transmitter buffer register may be loaded with 
new data. 

--
23 TDS Transmitter A low-level input strobe enters the data bits into the 

Data Strobe transmitter buffer register. 

24 TEOC Transmitter End This output appears as a high-level during the last half 

of Character clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 

25 TSO Transmitter This output serially provides the entire transmitted 
Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 

-
26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available. 

Data Inputs Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 

34 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 

35 NPB No Parity Bit A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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PIN NO. 

36 

37-38 

39 

40 

TDS 

TBMT 

DESCRIPTION OF PIN FUNCTION 

SYMBOL NAME 

NSB Number of 
Stop Bits 

NDB2, Number of Data 
NDB1 Bits/Character 

POE Odd/Even Parity 
Select 

TCP Transmitter 
Clock 

TRANSMITTER TIMING
S BIT, PARITY, 2 STOP BITS 

RECEIVER TIMING-
S BIT, PARITY, 2 STOP BITS 

FUNCTION 

This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5 stop bits. 

These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 

L L 5 
L H 6 
H L 7 
H H 8 

The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 
NPB POE MODE 

L L odd parity 
L H even parity 
H x no parity 

X =don't care 
This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired transmitter baud rate. 

TRANSMITTER START-UP 

T~~9----------------------_l 
TBMT 1111111 

TSO 

START BIT DETECT AND VERIFY 
a .-16x 

0 1 2 16 17 -32X 

~~;_1 ... ··ID~T~a}~R~~STOP1 STOP2lsTART 

RC~--·LILJ°L_ 

RSI 

CENTER BIT 
SAMPLE 

RCP 

5 
13 

6 
14 

RECEIVER TIMING DETAIL 

7 
15 

8 
16 

9 
17 

'-------.,,,---ce_nt_,er, sample 

minimum continuous low 
required for start-bit verification 

10 
18 

-16x 
+-32X 

f stop bit center sample 

(HIA~CA = Q)---------------------------1 
(HIAR~CA = 1) ----------------------1 I 

RD1-RD8, ,..--------------

ROR 

RPE, RFE 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ..................................................... 0° C to+ 70° C 
Storage Temperature Range .................................................... -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) ..................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ........................................... +8.0V 
Negative Voltage on any Pin (except Pin 2), with respect to ground .......................... -0.3V 
Negative Voltage on Pin 2, with respect to ground ......................................... -13.2V 

Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA =0° Cto 70° C, Voo=+5V±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, VrL 0.8 v 
High-level, VrH 2.0 v 

OUTPUT VOLTAGE LEVELS 
Low-level, VoL 0.4 v loL = 1.6mA 
High-level, VoH 2.4 v loH =-100µA 

INPUT CURRENT 
Low-level, lrL 300 µA VrN = GND, COM 8018 only 

INPUT LEAKAGE ±10 µA COM 1863 only 
OUTPUT CURRENT 

SWE =ROE= VrH, 0:::; Vour:::; +5V Leakage, lw ±10 µA 
Short circuit, las** 40 mA Vour =OV 

INPUT CAPACITANCE 
All inputs, CrN 5 10 pf 

OUTPUT CAPACITANCE 
All outputs, Gour 10 20 pf SWE =ROE= VrH 

POWER SUPPLY CURRENT 
Ice 25 mA All outputs= VoH, All inputs= Voo 

A.C. CHARACTERISTICS TA= +25°C, See Timing Diagrams 
CLOCK FREQUENCY DC 1.0 MHz RCP, TCP 
PULSE WIDTH 

Clock 0.45 µs RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns cs 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns ROAR 

INPUT SET-UP TIME 
Data bits 0 ns TD1-TD8 
Control bits 0 ns NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 
Data bits 0 ns TD1-TD8 
Control bits 0 ns NPB, NSB, NDB2, NDB1, POE 

ENABLE TO OUTPUT DELAY Load= 20pf +1 TTL input 
Receive data enable 250 ns ROE: TPD1, TPDO 
Status word enable 250 ns _ SWE: TPD1, TPDO 

OUTPUT DISABLE DELAY 250 ns RDE,SWE 

**Not more than one output should be shorted at a time. 

NOTES: 1. If the transmitter is inactive (TEOCand TB MT are at a high-level) the start bit will appear on the TSO line within 
11h clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing 
a maximum start bit slippage of ±1/32 or ±1/64 of a bit time. 

3. The 3-state output has 3 states: 1) low.impedance to Voo___1llowimpedanceto GND 3) high impedance OFF~ 
10M ohms The "OFF" state is controlled by the SWE and ROE inputs. 
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DATA/CONTROL TIMING DIAGRAM 

TDS 

DATA INPUTS 
t,= t,=20 ns 
TSET-UP 2:0 
THOLD 2:0 

cs 

V1H 

VIL 

TsET-uP 

VIH 

VIL 

CONTROL INPUTS ViH 
VIL 

·input information (Data/Control) need only be valid during 
the last TPw, min time of the input strobes (IDS, CS). 

OUTPUT TIMING DIAGRAM 

ROE, SWE 

OUTPUTS - - - - - - - - - - -, 
(RD1-RD8, RDA, 

APE, ROA, RFE, TBMT) 

NOTE: Waveform drawings not to scale for clarity. 

ADDITIONAL TIMING INFORMATION 

TMBT 

RDA 

TCP 

TCP 

Vil 

VoH 

TBMT-----~ 

VOH 

VOL 

400ns 
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NOTES ON COM 8018 AND COM 1863 
HIGH-ACCURACY AND IMPROVED 

RDA/ROR MODE 

The HIACC mode is enabled by applying a logic 
"one" to pin 2. If this pin is left unconnected, or 
connected to GND, -12V, or a logic "zero," the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 

When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also. RDA is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROA are changing. 

Whether or not the HIACC mode is selected, RDA 
must be low and ROAR must have returned high to 
avoid setting ROR. If ROAR is held low past the 
stop-bit center sample. RDA will go high after ROAR 
returns high. 

The maximum current HIACC will supply if con
nected to -13.2V is 3.SmA. 

RCP 

RDA 

IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 

\RD1-RD8, and ROA determined 

\ ~ bit center sample 

ROA -----+l-R-~'-A-R-at_l_a-st_p_o_s_si-bl_e_m_o_m_e-nt 
and not get ROA 

RCP 

RDA 

ROA 

RCP 

RDA 

ROA 

~D1-RD8, and ROA determined 

\ ~p-bit center sample 

LJ 
______ _, 

~RD1-RD8, and ROA determined 

~ ~p-bit center sample 

..___ __ __,( 

.___ ___ ___,( 

------....1 

Protection against missing the ROA flag 
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FLOW CHART-TRANSMITTER FLOW CHART- RECEIVER 

1 TURN POWER ON 
2 PULSE MASTER RESET 
3 SELECT BAUD AATE-16X or 32X CLK 

1 LOAD TRANSMITTER SHIFT REGISTER 
2 TEOC = O 
3 TSO = 0 (START BIT) 

STANDARD MICROSYSTEMS 
CORPORATION 

35Ma'cusBlvd.Ha.wauge.NY.11788 
1516)273-3100 TWX-510-227-8898 

1. TUAN POWER ON 
2. PULSE MASTER RESET 
3. SELECT BAUD RATE-16X OR 32X CLK 
4 SET CONTROL BITS 

SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 

SET/RESET RFE 
SET/RESET APE 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 r MFM*l!&t•·• 

COM2502 
COM2017 

Universal AsynclhronolUJs lReceover liirarnsmotten
lUJAIR1i 

FEATURES 

D Direct TTL Compatibility- no interfacing circuits 
required 

D Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for precise 
external timing 

D Start Bit Verification - decreases error rate 

D Fully Programmable-data word length, parity mode, 
number of stop bits; one, one and one-half, or two 

D High Speed Operation-40K baud, 200ns strobes 

D Master Reset-Resets all status outputs 

D Tri-State Outputs-bus structure oriented 

D Low Power- minimum power requirements 

D Input Protected-eliminates handling problems 

D Ceramic or Plastic Dip Package-easy board insertion 

GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SM C's P-channel low voltage oxide
nitride technology. The duplex mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter
nal controls. There may be 5, 6, 7 or8 data bits, odd/even 
or no parity, and 1, or 2 stop bits or 1.5 stop bits when 
utilizing a 5-bit code from the COM 2017. 
The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 
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Pin Configuration 

Vee 40 TCP 
Voe 39 POE 
Gnd 38 NDB1 
RD£ 37 NDB2 
ADS 36 NSB 
AD7 35 NPB 
RD6 34 cs 
ADS 33 TDS 
RD4 :.o:: TD7 
RD3 TD6 
RD2 11 30 TDS 
AD1 12 29 TD4 
APE 13 2S TD3 
RFE 14 27 TD2 
ROA 15 26 TD1 
SWE 16 25 TSO 
RCP 17 24 TEOC 

ROAR 1S 23 ~ 
RDA 19 22 TBMT 

RSI 20 21 MR 

PACKAGE: 40-Pin 0.1.P. 

Functional Block Diagram 
TD1 TD2 TD3 TD4 TDS TD6 TD7 TDS 

26 27 2S 29 30 ~ 32 33 

TRANSMITTER BUFFER REGISTER 

RECEIVER BUFFER REGISTER 

10 11 

RDS RD7 RDS ADS AD4 RD3 RD2 RD1 

24 

TSO 

TEOC 

SWE 

TBMT 
APE 
RFE 
ROR 
RDA 

ROAR 

Vee 
Voo 
Gnd 



DESCRIPTION OF OPERATION- TRANSMITTER 

At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking)'. 
When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 
If the transmitter shift register is transmitting pre
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 

commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 
If new data is loaded into the data bits buffer register 
atthis time, TBMT goes low and remainsinthisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 
Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 

TRANSMITTER BLOCK DIAGRAM 

ODD/EVEN 
PARITY SELECT 

NO NUMBER NUMBER OF 
PARITY STOP BITS DATA BITS 

DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 

CONTROL 
STROBE 

16x T 
CLOCK 

CONTROL BITS HOLDING REGISTER 

TO 
RECEIVER 

TIMING GENERATOR 

DATA BITS HOLDING REGISTER 
BUFFER 

PARITY BIT GENERATION LOGIC 

-~--- DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

END OF 
CHARACTER 

DESCRIPTION OF OPERATION-RECEIVER 

At start-up the power· is turned on, a clock whose 
frequency is 16 times the desired baud rate is applied 
and master reset is pulsed. The data available (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 
Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bit time, a genuine 
start bit is verified. Should the line return to a mark-
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ing condition prior to a 1/2 bit time, the start bit veri
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 
If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 



status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperlyframed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 
At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re
ceiving the next character. Due to the double buf
fered receiver, a full character time is available to 
remove the received character. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 

CONTROL 
BITS FROM 

HOLDING 

RECEIVER BLOCK DIAGRAM 

RDS RD7 RD6 RDS RD4 RD3 RD2 RD1 

AND GATE 

DATA BITS HOLDING REGISTER 
BUFFER 

FRAMING 
ERROR 

OVER RUN PARITY ERROR 

TRANSMITTER 
BUFFER EMPTY 

AND GATE 

REGISTER -----------..-----------. 

SERIAL 
INPUT 

START BIT 
VERIFICATION 

RECEIVER SHIFT 
CP REGISTER 

c2~~~ TIMING GENERATOR r-------------~ 

PIN NO. SYMBOL 

Vee 

2 NC 

3 GND 

4 ROE 

5-12 RD8-RD1 

13 RPE 

14 RFE 

DESCRIPTION OF PIN FUNCTIONS 

NAME 

Power Supply 

No Connection 

Ground 

Received Data 
Enable 

Receiver Data 
Outputs 

Receiver Parity 
Error 

Receiver Framing 
Error 

FUNCTION 

+5 volt Supply 

-12 volt Supply 

Ground 

A low-level input enables the outputs (RD8-RD1) of the 
receiver buffer register. 

These are the 8 tri-state data outputs enabled by ROE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

This tri-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 

This tri-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

15 ROR Receiver Over This tri-state output (enabled by SWE) is at a high-level if 
Run the previously received character is not read (RDA output 

not reset) before the present character is transferred into 
the receiver buffer register. 

16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR, 
Enable RDA, and TBMT) of the status word buffer register. 

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level. 
Available Reset 

19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level 
Available when an entire character has been received and transferred 

into the receiver buffer register. 

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level 
Input (mark) to low-level (space) transition is required to initiate 

data reception. 

21 MR Master Reset This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 

22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 
Buffer Empty when the transmitter buffer register may be loaded with 

new data. 

23 TDS Transmitter A low-level input strobe enters the data bits into the 
Data Strobe transmitter buffer register. 

24 TEOC Transmitter End This output appears as ah ig h-level each ti me a f ul I character 
of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 

25 TSO Transmitter This output serially provides the entire transmitted 
Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available. 
Data Inputs Unused data input lines, as selected by NDB1 and NDB2, 

may be in either logic state. The LSB should always be 
placed on TD1. 

34 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 

35 NPB No Parity Bit A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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PIN NO. SYMBOL 

36 NSB 

37-38 NDB2, 
NDB1 

39 POE 

40 TCP 

TCP 

TDS 

DESCRIPTION OF PIN FUNCTION 

NAME FUNCTION 

Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 

Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017. 

Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
Bits/Character or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 
L L 5 
L H 6 
H L 7 
H H 8 

Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 
NPB POE MODE 

L L odd parity 
L H even parity 
H x no parity 

X = don't care 

Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 

TRANSMITTER TIMING-8 BIT, PARITY, 2 STOP BITS 

TRANSMITTER START-UP 

__Jl__JL___J1__ 
I 1116 I 

--'>1 Bit~ 
time 

S

M-----, 
TSO L___ 

Upon data transmission initiation. or when not transmitting at 100% line utilization. the start bit will be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 

RSI 

CENTER BIT 
SAMPLE 

RDA" 

ROA"" 

RECEIVER TIMING-8 BIT, PARITY, 2 STOP BITS. 

~~;-21 ..... Io~T~~~~~I STOP1 STOP2,START 

---->1~1/16 Bit time ------------------- -:1 
"The RDA line was previously not reset (ROA= high-level) . 

.. The RDA line was previously reset (ROA= low-level). 

START BIT DETECT/VERIFY 

RCP L.JLJ 
RSI 

-----c:::y 
If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time. the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ...............................................•...•.. 0° C to+ 70° C 
Storage Temperature Range .................................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ..................................................... +325°C 
Positive Voltage on any Pin, Vee .........................................•.................. +0.3V 
Negative Voltage on any Pin, Vee ............................................................ -25V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA= 0° C to 70° C Vee= +5V ±5%, Voo =-12V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Conditions 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V1L Voo 0.8 v 
High-level, V1H Vcc-1.5 Vee v 

OUTPUT VOLTAGE LEVELS 
Low-level, VoL 0.2 0.4 v loL = 1.6mA 
High-level, VoH 2.4 4.0 v loH = 100µA 

INPUT CURRENT 
Low-level, llL 1.6 mA see note4 

OUTPUT CURRENT 
Leakage, ILo -1 µA SWE =ROE= V1H, 0 :5 VouT :5 +5V 
Short circuit, las** 10 mA VouT=OV 

INPUT CAPACITANCE 
All inputs, C1N 5 10 pf V1N =Vee, f = 1MHz 

OUTPUT CAPACITANCE 
All outputs, CouT 10 20 pf SWE =ROE= V1H, f = 1MHz 

POWER SUPPLY CURRENT 
Ice 28 mA All outputs= VoH, All inputs= Vee 
loo 28 mA 

A.C. CHARACTERISTICS TA=+25°C 
CLOCK FREQUENCY 

(COM2502, COM2017) DC 400 KHz RCP. TCP 
PULSE WIDTH 

Clock 1 µs RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns cs 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns ROAR 

INPUT SET-UP TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

STROBE TO OUTPUT DELAY Load= 20pf +1 TTL input 
Receive data enable 350 ns ROE: TPD1, TPDO 
Status word enable 350 ns SWE: TPD1, TPDO 

OUTPUT DISABLE DELAY 350 ns RDE,SWE 

**Not more than one output should be shorted at a time. 

NOTES: 1. If the transmitter is inactive (TEOCand TBMTare ata high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of~. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 

3. Thetri-stateoutput has3states:1) lowimpedancetoVcc 2) lowimpedancetoGND 3)high impedance OFF~ 
10M ohms. The "OFF" state is controlled by the~ and trnE inputs. 

4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502) 
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DATA/CONTROL TIMING DIAGRAM 

TDS 

DATA INPUTS 
tr =tf = 20 ns 
TSET-UP2::0 
THOLD 2::0 

cs 

CONTROL INPUTS 

*Input information (Data/Control) need only be valid during 
the last TPw, min time of the input strobes (iDS, CS). 

OUTPUT TIMING DIAGRAM 

OUTPUTS 
(RD1-RD8, RDA, 

RPE, ROR, RFE, TBMT) 

NOTE: Waveform drawings not to scale for clarity. 

ROAR 

200ns 

VIL ----------

RDA 300ns 
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TDS 

TMBT 

VOH 
VOL 

Outputs Disabled 

VrH 

VOL 

400ns 
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FLOW CHART - TRANSMITTER FLOW CHART-RECEIVER 

1. TURN POWER ON 1. TURN POWER ON 
2. PULSE EXTERNAL RESET 2 PULSE EXTERNAL RESET 
3. SELECT BAUD RATE-16 x CLK 3. SELECT BAUD RATE-16x CLK 

4. SET CONTROL BITS 

1 LOAD TRANSMITTER SHIFT REGISTER 
2. SO= 0 (START BIT) 
3. EOC =O 

SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 

35Miwcus~.~.NY11788 
(516)273·3100 TWX-510-227-8898 

SET PARITY 
ERROR REGISTER 
TO 1 

SET FRAMING 
ERROR REGISTER 
TO 1 

SET OVER-RUN 
RE GIST.ER 
TO 1 

SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 

SET PARITY 
ERROR REGISTER 
TOO 

SET FRAMING 
ERROR REGISTER 
TOO 

SET OVER-RUN 
REGISTER 
TOO 

TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 

EXAMINE OUTPUTS 
1. STROBE STATUS WORO ENABLE 
2. STROBE DATA ENABLE 

RESET DATA AVAILABLE - DA= 0 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions: consequently complete information sufficient for construction purposes is not necessarily given. The 
inforr.~ation has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assun •d for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devicE-, described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any t -ne in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,, .... ,.mu·,, '%.if'M+'1',,' ••• 

COM 2449-1 
COM 2449-2 
COM 2449-3 

µPC FAMILY 

RS-449 
Programmalb~e Communucations 

~ nfterrf aice 
FEATURES 
D RS-449 compatible inputs and outputs 
D Maskable Interrupts for RS-449 inputs 
D Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
D Re-programmable ROM on-chip baud 

rate generator 
D Synchronous Mode Capabilities 

-Selectable 5 to 8-Bit Characters 
-Selectable 1 or 2 SYNC Characters 
- Internal or External Character Synchronization 
- Transparent or Non-Transparent Mode 
- Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
-Automatic SYNC or OLE-SYNC Insertion 
-SYNC, OLE and OLE-SYNC stripping 
-Odd, Even, or No Parity 
-Local or remote maintenance loop back mode 

D Asynchronous Mode Capabilities 
-Selectable 5 to 8-Bit Characters plus parity 
-3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 
- Line Break Detection and Generation 
-1, 1112, or 2-Stop Bit Detection and Generation 
- False Start Bit Detection 
-Odd, Even, or No Parity 
-Parity, Overrun, and framing error detect 
-Local or remote maintenance loop back mode 
-Automatic serial echo mode (echoplex) 

D Baud Rates 
-DC to 1.0M Baud (Synchronous) 
-DC to 1.0M Baud (1X, Asynchronous) 

PIN CONFIGURATION 

DO 
01 

RxD 
GND 

02 
03 
04 
05 
06 
07 
TC 

TM 
so 
A2 

TxC/XSYNC 
CE 
A1 
S8 
s 

AO 
I 

\..../ 
1 40 
2 39 
3 38 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 

100311= 

~~ ~~I= 
13 28 
14 27 
15 26 

i= 16 25 
17 24 

18 23 
19 ~~ h 20 

I s 
SF/SR 
ss 
AL 
IT 
NS 
RR 
Vee 
RxC/BRKDET 
rn 
R5 
DM 
RESET 
BRCLK 
TxD 
TxEMT/DSCHG 
cs 
TxRDY 
RxRDY 
R/W 

PACKAGE: 40-Pin D.l.P 

-DC to 62.SK Baud (16X, Asynchronous) 
-DC to 15.625K Baud (64X, Asynchronous) 

D Double Buffering of Data 
D RxC and TxC pins are short circuit protected 
D Internal or External Baud Rate Clock 
D 3 baud rate sets (2449-1, -2, -3) 
D 16 internal rates for each version 
D Single +s volt Power Supply 
D TTL Compatible 
D No System Clock Required 

GENERAL DESCRIPTION 

The COM 2449 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS®. technology. 
It is equivalent to the COM 2661 with the addi
tional features required to create the interface to 
an RS-449 compatible modem. Six new outputs 
are added to implement the RS-449 signals sent 
to the Data Communications Equipment (DCE) 
and five new signals are added to receive the 
RS-449 status signals from the DCE. A second 
status register and an output register have been 
added to allow a processor full control of the addi
tional 1/0 pins. The COM 2449 contains a baud 
rate generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. Each version 
of the COM 2449 (-1, -2, -3) has a different set of 
baud rates. Custom baud rates can be ROM repro
grammed to accommodate different baud rates 
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and different starting frequencies. 
The COM 2449 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomp~ter system dat~ com
munications. The USART 1s used as a peripheral 
and is programmed by the processor to com
municate in commonly used asynchronous and 
synchronous serial data transmission tf'.chniqu~s 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parall~I format, conver! th~m 
to serial format and transmit. The USART will sig
nal the processor when it has complet_ely receiyed 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 



DATA BUS 

DO·D7 

RESET 

A0 

Al 

A2 

R/W 

EE 

TC, so. 'TM-----' 
Si:Sii 

NS. iS, SF/SR 

IT:fil. ss 

BRCLK 

TxC/BKDET _____ , 

RxC/XSYNC·-----1 

i3M 

i'iR 
Cs 

Rs' 

i'R 

~ 

DATA BUS 
BUFFER 

OPERATION CONTROL 

MODE REGISTER 1 

MODE REGISTER 2 

COMMAND REGISTER 

STATUS REGISTER 1 

STATUS REGISTER 2 

OUTPUT REGISTER 

ROM 
RE·PROGRAMMABLE 

BAUD RATE 
GENERATOR 

AND 
CLOCK CONTROL 

MODEM 
CONTROL 

SYN/OLE CONTROL 

SYN 1 REGISTER 

SYN 2 REGISTER 

OLE REGISTER 

TRANSMITTER 

TRANSMIT DATA 
HOLDING REGISTER 

TRANSMIT 
SHIFT REGISTER 

RECEIVER 

RECEIVE DATA 
HOLDING REGISTER 

RECEIVE 
SHIFT REGISTER 

~-- TxRDY 

-Vee 

-GND 

COM 2449 ORGANIZATION 

The COM 2449 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2449. The COM 2449 is a COM 2661 with 5 new 
inputs (readable by the processor from STATUS 
REGISTER 2) and 6 new outputs (written by the pro
cessor via the OUTPUT REGISTER). Each of the 5 new 
inputs can cause an interrupt condition on the COM 
2449. The ability to enable these conditions for inter
rupt handling is provided. Table 1 outlines the dif
ferences between the COM 2661 and the COM 2449. 
It should be noted that the COM 2449 can be viewed as 
a general purpose communications interface device 
with general purpose 1/0 pins to allow setting output 
controls and interrogation of input status. This addi
tional 1/0 capability, although added to allow RS-449 
compatibility, can ease the interface to any com
munications discipline. 
Operation Control 
This functional block stores configuration and opera
tion commands from the processor and generates appro
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, the two Status Registers, and the 
Output Register. Details of register addressing and 
protocol are presented in the COM 2449 program
ming section of this specification. 
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Timing 
The COM 2449 contains a Baud Rate Generator (BRG) 
which is programmable 'to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 
Receiver 
The Receiver accepts serial data on the RxD pin, con
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 
Transmitter 
The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech
nique) and outputs a composite serial stream of data on 
the TxD output pin. 
Modem Control 
The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2449 and a modem. 
Five signals to and from the modem control are given 
names that are in accordance with the RS-449 specifica
tion. The signals, however, have an identical function 
to the corresponding COM 2661 RS-232 compatible 
signals and this correspondence is shown in Table 1. 



SYN/OLE Control Interface Signals 
This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and OLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

The COM 2449 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2449 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 

PIN NO. NAME 

1,2,5,6, Data 
7,8,9,10 

14,17,20 Address 

16 Chip Enable 

21 Read/Write 

22 Receiver Ready 

23 Transmitter 
Ready 

25 Transmitter 
empty/data 
set change 

28 Reset 

33 Supply Voltage 

4 Ground 

PIN NO. NAME 

3 Receive Data 

11 Incoming Call 

12 Test Mode 

13 Signal Quality 

DESCRIPTION OF PIN FUNCTIONS 
TABLE 3-PROCESSOR RELATED SIGNALS 

SYMBOL FUNCTION 

07-00 Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2449 and a processor. DO is the least significant bit; 07 is the most 
significant bit. 

A2, A1, AO Input; Address lines used to select COM 2449 registers. 

CE Input; when this signal is low, the operation specified by the R/W, A2, A1 and AO will 
be performed. When this input is high, 07-0 are in the high impedance state. 

R/w Input; Processor read/write direction control. This signal defines the direction of the 
data bus 07-0 when the COM 2449 is selected. 07-0 drives out (read) when this signal 
is low and accepts data input when this signal is high. The input only has meaning 
when the CE input is active. 

RxRDY Output; This signal is the complement of Status Register 1, bit 1 (SR11 ). When low, it 
indicates that the Receive Data Holding Register (AHR) has a character ready for input 
to the processor. It goes high when the AHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 

TxRDY Output; This signal is the complement of Status Register 1, bit 0 (SR10). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 

TxEMT/ Output; This signal is the complement of Status Register 1, bit 2 (SR12). When low, it 
DSCHG indicates that the transmitter has completed serialization of the last character loaded 

by the processor, or that a.£.h@.ge of state of.J.be OM or RR inputs has occurred. This 
signal also goes low if the SI, SB, SQ, TM or IC experience a change of state if the 
corresponding input is enable for interrupt. Interrupt enable bits are located in the 3 
most significant bits of Status Register 2 (SR2). This output goes high when Status 
Register 1 is read by the processor, if the TxEMT condition does not exist. Otherwise, 
the THR must be loaded by the processor for this line to go high. It is an open 
drain output which can be used as an interrupt to the processor. 

RESET Input; A high on this input performs a master reset on the COM 2449. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 

Vee +s volt supply. 

GND Ground. 

TABLE 4-DEVICE RELATED SIGNALS 

SYMBOL FUNCTION 

RxD Input: Serial data to the receiver. "Mark" is high, "space" is low. 

IC Input: This general purpose signal can be used for "incoming call" status from the 
DCE. Its complement appears in Status Register2 bit 0 (SR20). When this input is 
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will 
cause a low output on TxEMT/DSCHG. 

TM Input: This general purpose signal can be used for "test mode" status from the DCE. 
Its complement appears in Status Register 2 bit 1 (SR21 ). When this input is enabled 
for interrupt via StatscRd'ister 2, bit 6 (SR26) a change in its state will cause a low 
output on TxEMT/D H . 

SQ Input: This general purpose signal can be used for "signal quality" status from the DCE. 
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled 
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out-
put on TxEMT/DSCHG. 
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TABLE 4-DEVICE RELATED SIGNALS (Cont'd) 

PIN NO. NAME SYMBOL FUNCTION 

15 Transmitter TxC/ Input or Output: If the external transmitter clock is programmed, this input controls 
Clock/External XSYNC the rate at which the character is transmitted. Its frequency is 1 X, 16X, or 64X the 
Sync baud rate as programmed by mode Register 1. The transmitted data changes on the 

falling edge of the clock. If the internal transmitter clock is programmed, this pin can 
be a 1X/16X clock output or an external jam synchronization input. 

18 Standby SB Input: This general purpose signal can be used for "standby indicator" status from 

I Indicator the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is 
enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state will cause 
a low output on TxEMT/DSCHG. 

19 Signalling Rate SI Input: This general purpose signal can be used for "signalling rate indicator" status 
Indicator from the DCE. Its complement appears in Status Register 2 bit 4 (SR24 ). When this 

input is enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state 
will cause a low output on TxEMT/DSCHG. 

24 Clear to Send cs Input: This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 

26 Transmit Data TxD Output: Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 

27 Baud Rate Clock BRCLK Input: Clock input to the internal baud rate generator (See Tables 2a, b, and c); not 
required if the external receiver and transmitter clocks are used. 

29 Data Mode OM Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring 
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). OM 
causes a low output on TxEMT/DSCHG when its state changes if CR2 or CR0=1. 

30 Request to Send RS Output: This general purpose signal is the complement of the Command Register 
bit 5 (CRS). It is normally used to indicate Request to Send. If the Transmit Shift 
Register is not empty when CRS is reset (1 to 0), then RS will go high on TxC time 
after the last serial bit is transmitted. 

31 Terminal Ready TR Output: This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Terminal Ready. 

32 Receive Clock/ RxC/ Input or Output: If the external receiver clock is programmed, this input controls the 
Break Detect BKDET rate at which the character is to be received. Its frequency is 1X,16X, or 64X the Baud 

rate as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock or a 
break detect output. 

34 Receiver Ready RR Input: This signal must be low in order for the receiver to function. The complement 
appears in Status Register 1 bit 6 (SR16). RR causes a low output on TxEMT/DSCHG 
when its state changes if CR2 or CR0=1. If RR goes high while receiving, the RxC is 
internally inhibited. 

35 New Signal NS Output: This signal is used to tell the DCE that a new line signal at the DTE 
has occurred. This output will go to its low active state when the Output Register, 
bit 0 (ORO) is set to a logic 1. This output will go to its_high inactive state when the 
Output Register bit 0 (ORO) is set to a logic 0 and the RR input goes high. 

36 LocalLoopback LL Output: This general purpose signal can be used to inform the DCE of a "local 
loopback" test condition. It is the complement of Output Register bit 1 (OR1) 
which has direct control over the state of this output. 

37 Remote RL Output: This general purpose signal can be used to inform the DCE of a "remote 
Loopback loopback" test condition. It is the complement of Output Register bit 2 (OR2) 

which has direct control over the state of this output. 

38 Select Standby SS Output: This general purpose signal can be used to select the normal or standby 
communication facilities of the DCE. It is the complement of Output Register bit 3 
(OR3) which has direct control over the state· of this output. 

39 Select SF/SR Output: This general purpose signal can be used as a combined "Select Frequency" 
Frequency/ and "Signal Rate Select". It is the complement of Output Register bit 4 (OR4) 
Signal Rate which has direct control over the state of this output. 
Select 

-
Terminal in Output: This general purpose signal can be used to inform the DCE of a 40 IS 
Service "Terminal in Service" condition. It is the complement of Output Register bit 5 

(ORS) which has direct control over the state of this output. 
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Table 1 COM 2449 vs. COM 2661 
1/0 SIGNAL NAME 

NEW INPUTS NEW OUTPUTS EQUIVALENTS 

Symbol Name Symbol Name COM 2449 COM 2661 

IC incoming call NS new signal DM DSR 

SQ signal quality JS terminal in service RR DCD 

TM test mode SF/SR select frequency/ cs CTS 
signal rate select 

SJ signaling rate LL local loopback TR DTR 
indicator 

SB standby select AL remote loopback RS ATS 

SS standby select 

Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2449-2 (BRCLK=4.9152MHz) 

ACTUAL 
BAUD FREQUENCY PERCENT 

MR23-20 RATE 16XCLOCK ERROR DIVISOR 

0000 45.5 0.7279kHz 0.005 6752 
0001 50 0.8 - 6144 
0010 75 1.2 - 4096 
0011 110 1.7598 -0.01 2793 
0100 134.5 2.152 - 2284 
0101 150 2.4 - 2048 
0110 300 4.8 - 1024 
0111 600 9.6 - 512 
1000 1200 19.2 - 256 
1001 1800 28.7438 -0.19 171 
1010 2000 31.9168 -0.26 154 
1011 2400 38.4 - 128 
1100 4800 76.8 - 64 
1101 9600 153.6 - 32 
1110 19200 307.2 - 16 
1111 38400 614.4 - 8 

Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2449-1 (BRCLK =4.9152MHz) 

ACTUAL 
BAUD FREQUENCY PERCENT 

MR23-20 RATE 16X CLOCK ERROR 

0000 50 0.8kHz -
0001 75 1.2 -
0010 110 1.7598 -0.01 
0011' 134.5 2.152 -
0100 150 2.4 -
0101 200 3.2 -
0110 300 4.8 -
0111 600 9.6 -
1000 1050 16.8329 0.196 
1001 1200 19.2 -
1010 1800 28.7438 -0.19 
1011 2000 31.9168 -0.26 
1100 2400 38.4 -
1101 4800 76.8 -
1110 9600 153.6 -
1111 19200 307.2 -

Table 2c BAUD RATE CHARACTERISTICS 
2449-3 (BRCLK=5.0688MHz) 

ACTUAL 
BAUD FREQUENCY PERCENT 

MR23-20 RATE 16X CLOCK· ERROR 

0000 50 0.8kHz -
0001 75 1.2 -
0010 110 1.76 -
0011 134.5 2.1523 0.016 
0100 150 2.4 -
0101 300 4.8 -
0110 600 9.6 -
0111 1200 19.2 -
1000 1800 28.8 -
1001 2000 32.081 0.253 
1010 2400 38.4 -
1011 3600 57.6 -
1100 4800 76.8 -
1101 7200 115.2 -
1110 9600 153.6 -
1111 19200 316.8 3.125 

NOTE: 

DIVISOR 

6144 
4096 
2793 
2284 
2048 
1536 
1024 
512 
292 
256 
171 
154 
128 
64 
32 
16 

DIVISOR 

6336 
4224 
2880 
2355 
2112 
1056 
528 
264 
176 
158 
132 
88 
66 
44 
33 
16 

16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and 
BRG can be used only for TxC. 

COM 2449 OPERATION 

The functional operation of the COM 2449 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2449 Programming section of this data sheet. 
After programming, the COM 2449 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 

Receiver 
The COM 2449 is conditioned to receive data when the 
RR input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
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COM 2449 INITIALIZATION FLOW CHART 

N 

INITIAL RESET 

LOAD 
MODE REGISTER 1 

LOAD 
MODE REGISTER 2 

LOAD 
SYN 1 REGISTER 

LOAD 
OLE REGISTER 

r-----1 ______ ...._ ____ __ 

LOAD 
I COMMAND REGISTER 

I 

N 

~--- ----. 
I OPERATE I 

---~ 

DISABLE RECEIVER 
AND TRANSMITTER 

NOTE 
Mode Register 1 must be written 
before 2 can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 

NOTE 
SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before OLE can be written. 

Figure 1 
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Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 
Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 
When the COM 2449 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a 0 to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char
acter assembly begins. If the single SYN operation is 
programmed, the SYNDETECT status bit is set. If double 
SYN operation is programmed, thefirstcharacterassem
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2449 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn
chronization has been achieved, the COM 2449 con
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans
ferred to the Holding Register. Note that the SYN char
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 
External jam synchronization can be achieved via pin 15 
by appropriate setting of MR27-MR24. When pin 15 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 

Transmitter 
The COM 2449 is conditioned to transmit data when the 
CS input is low and the TxEN command register bit is 
set. The COM 2449 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
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Shift Register when it is idle or has completed trans
mission of the previous character. The TxRDY condi
tions are then asserted again. Thus, one full character 
time of buffering is provided. 
In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sentfirst. ltthen 
appends an optional odd or even parity bit and the pro
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT /DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi~ 
tion by setting the Send Break command bit high. 
In the synchronous mode, when the COM 2449 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2449 unless the 
processor fails to send a new character to the COM 2449 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2449 
asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND OLE bit in the command register is 
true, the OLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 

COM 2449 PROGRAMMING 
Prior to initiating data communications, the COM 2449 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/OLE registers must be loaded. The 
COM 2449 can be reconfigured at any time during pro
gram execution. A flow chart of the initialization process 
appears in Figure 1. 
The internal registers of the COM_2~9 are accessed by 
applying specific signals to the CE, R/W, A2, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 

TABLE 5-COM 2449 REGISTER ADDRESSING 

CE A2 A1 AO R/W FUNCTION 

1 x x x x Tri-state data bus 
0 0 0 0 0 Read receive holding register 
0 0 0 0 1 Write transmit holding register 
0 0 0 1 0 Read status register 1 
0 0 0 1 1 Write SYN1/SYN2/0LE registers 
0 0 1 0 0 Read mode registers 1 and 2 
0 0 1 0 1 Write mode registers 1 and 2 
0 0 1 1 0 Read command register 
0 0 1 1 1 Write command register 
0 1 0 0 0 Read output register 
0 1 0 0 1 Write output register 
0 1 0 1 0 Read status register 2 

Write status register 2 

NOTE 
See AC Characteristics section for timing requirements. 
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The SYN1, SYN2, and OLE registers are accessed by 
performing write o_Qerations with the conditions A2=0, 
A1 =O, A0=1, and R/W=1. The first operation loads the 
SYN1 register. The next loads the SYN2 register, and the 
third loads the OLE register. Reading or loading the 
mode registers is done in a similar manner. The first 
write (or read) operation addresses Mode Register 1, 
and a subsequent operation addresses Mode Register 2. 
If more than the required number of accesses are made, 
the internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 Register and 

Mode Register 1 by a RESET input or by performing a 
"Read Command Register" operation, but are unaffected 
by any other read or write operation. 
The COM 2449 register formats are summarized in 
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1and2 define 
the general operational characteristics of the COM 2449, 
while the Command Register controls the operation 
within this basic framework. The COM 2449 indicates its 
status in the two Status Registers. The status registers are 
cleared when a RESET input is applied. 

MODE REGISTER 1 (MR1) 
Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 
MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 
MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 
In asynchronous mode, MR17 and MR16selectcharacter 

framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro
grammed, 1.5, stop bits defaults to 1 stop bits on trans
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17= 1, and SYN1-SYN2 is used when 
MR17 =O. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a OLE character in the transmit holding 
register will cause a second OLE character to be trans
mitted. This OLE stuffing eliminates the software OLE 
compare and stuff on each transparent mode data char
acter. If the send OLE command (CR3) is active when a 
ou; is loaded into THR, only one additional OLE will be 
transmitted. Also OLE stripping and OLE Detect (with 
MR14=0) are enabled. 

TABLE 6- MODE REGISTER 1 (MR1) 

MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10 

Sync/A1ync Parity Type Parity Control Character Length Mode and Baud Rate Factor 

ASYNCH: STOP BIT LENGTH 
OO=INVALID O=ODD O=DISABLED 00=5 BITS OO=SYNCHRONOUS 1X RATE 
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE 
10=1"' STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE 
11 =2 STOP BITS 11 =8 BITS 11 =ASYNCHRONOUS 64X RATE 

SYNCH: NUMBER SYNCH: TRANS-
OF SYN CHAR PARENCY CONTROL 

O=DOUBLE SYN O=NORMAL . -· -
1 =SINGLE SYN 1 =TRANSPARENT 

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 15X if 
internal clock is selected. Mode must be selected (MR11, MR10) in any case. 

MODE REGISTER 2 (MR2) 
Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2449 version (-1, -2, -3). Version 1 and 2 speci
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 

COM 2651 and COM 2661-3. MR23-20 are don't cares if 
external clocks are selected (MR25-24=0). The indi
vidual rates are given in table 2a, b and c. 
MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 15 and 32. Refer to table 7. 

TABLE 7-MODE REGISTER 2 (MR2) 

MR-27-MR24 

TxC RxC Pin 15 Pin32 TxC RxC Pin15 

0000 E E TxC RxC 1000 E E XSYNC1 

0001 E I TxC 1X 1001 E I TxC 
0010 I E 1X RxC 1010 I E XSYNC1 

0011 I I 1X 1X 1011 I I 1X 
0100 E E TxC RxC 1100 E E XSYNC1 

0101 E I TxC 16X 1101 E I TxC 
0110 I E 16X RxC 1110 I E XSYNC1 

0111 I I 16X 16X 1111 I I 16X 

NOTES 
1. When pin 15 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 
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Pin32 

RxC/TxC 
BKDET 

RxC 
BKDET 

RxC/TxC 
BKDET 

RxC 
BKDET 

Mode 

sync 
async 
sync 
async 
sync 
async 
sync 
async 

MR23-MR20 

Baud Rate Selection 

See baud rates in table 2 

E =External clock 
!=Internal clock (BAG) 
1X and 16X are clock outputs 



COMMAND REGISTER (CR) 
Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search {g§y_nc mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat
ing operation. The TxD output will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi
nate operation immediately. Any character being assem
bled will be~glected. Bits CR1 (TR) and CR5 (RS) 
control the TR and RS outputs. Data at the outputs 
are the logical complement of the register data. 
In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn
chronous mode, setting CR3 causes the transmission 
of the OLE register contents prior to sending the char
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all OLE- non-OLE char
acter sequences. 
Setting CR4 causes the error flags in the Status Register 1 
(SR13, SR14, and SR15) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RS) is set, the RS pin is forced low and the trans
mit serial logic is enabled. A 1 to O transition of CR5 will 
cause RS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 
The COM 2449 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans
mitter and receiver operating independently in accor
dance with the Mode and Status Register instructions. 
In asynchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 
1. Data assembled by the receiver are automatically 

CR7 I CR6 CRS CR4 

Operating Mode 
Request to 

Reset Error 
Send 

OO=NORMAL OPERATION O=FORCE RS O=NORMAL 
Ol=ASYNCH: AUTOMATIC OUTPUT HIGH l=RESET 

ECHO MODE ONE CLOCK ERROR FLAG 
SYNCH: SYN AND/OR TIME AFTER IN STATUS 
DLE STRIPPING MODE TxSR SERIAL- (FE, OE, 

IZATION 
10=LOCAL LOOP BACK l=FORCE RS PE/DLE DETECT) 

REMOTE LOOP BACK OUTPUT LOW 

placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. TxRDY output=l 
4. The TxEMT/DSCHG pin will reflect only the data set 

change condition. 
5. The TxEN command (CRO) is ignored. 
In synchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic SYN/OLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 
1. In the non-transparent, single SYN mode (MR17-

MR16=10). characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16= 1), characters in the 
data stream matching OLE, or SYN1 if immediately 
preceded by OLE, are not transferred to the RHR. 
However, only the first OLE of a OLE-OLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the OLE Detect and SYN Detect status bits 
(SR13 and SR15). 
Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6= 10), the following 
loops are connected internally: 
1. The transmitter output is connected to the receiver 

JD.put. - - -
2. TR is connected to RR and RS is connected to CS. 
3. The receiver is clocked by the transmit clock. 
4. The IB RS a..!J.Q_ TxD outputs are held high. 
5. The CS, RR, OM and RxD inputs are ignored. 

Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN). CR1 (TR). and CR5 
(RS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2449. 
The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 
1. Data assembled by the receiver is automatically 

placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. No data are sent to the local processor, but the error 

status conditions (PE, OE, FE) are set. 
4. The RxRDY, TxRDY, and TxEMT /DSCHG outputs are 

held high. 
5. CR1 (TxEN) is ignored. 
6. All other signals operate normally. 

CR3 CR2 CR1 CRO 

Sync/Async 
Receive Terminal Transmit 

Control (RxEN) Ready Control (TxEN) 

ASYNCH: 
FORCE BREAK 

O=NORMAL O=DISABLE O=FORCETR O=DISABLE 

l=FORCE 
l=ENABLE OUTPUT HIGH l=ENABLE 

BREAK 
1 =FORCE TR 
OUTPUT LOW 

SYNCH: 
SEND OLE 

O=NORMAL 
l=SEND DLE 

TABLE 8- COMMAND REGISTER (CR) 
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STATUS REGISTER 1 (SR1) 
The data contained in the Status Register 1 (as shown in It is cleared when status register 1 is read by the 
Table 9) indicate receiver and transmitter conditions and processor. If status register 1 is read twice and SR12 =1 
modem/data set status. while SR16 and SR17 remain unchanged. then a TxEMT 
SR10 is the Transmitter Ready (TxRDY) status bit. It, and conditic;>n exists. When SR12 is set, the TxEMT/DSCHG 
its corresponding output, are valid only when the trans- output is low. 
mitter is enabled. If equal to 0, it indicates that the SR13, when set, indicates a received parity error when 
Transmit Data Holding Register has been loaded by the parity is enabled by MR14. In synchronous transparent 
processor and the data has not been transferred to the mode (MR16=1), with parity .disabled, it indicates that 
Transmit Shift Register. If set equal to 1, it indicates that a character matching the OLE Register has been received, 
the Holding Register is ready to accept data from the and the present character is neither SYN1 nor OLE. This 
processor. This bit is initially set when the Transmitter bit is cleared when the next character following the 
is enabled by CRO, unless a character has previously above sequence is loaded into the Receive Data Holding 
been loaded into the Holding Register. It is not set when Register, when the receiver is disabled, or by a reset 
the Automatic Echo or Remote LOOR Back modes are error command, CR4. 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR11, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT /DSCHG b_i1_SR1~when set, indicates a 
change of state_Qf the DM_or RR inpu-1§ (when CR2 or 
CRO = 1), the SI, SB, SQ, TM or IC inputs (when 
SR25, SR26, or SR27=1) or that the Transmit Shift 
Register has completed transmission of a character 
and no new character has been loaded into the Transmit 
Data Holding Register. Note that in synchronous mode 
this bit will be set even though the appropriate "fill" 
character is transmitted. TxEMT will not go active until 
at least one character has been transmitted. It is cleared 
by loading the Transmit Data Holding Register. The 
DSC HG condition is enabled when TxEN = 1 or RxEN = 1. 

SR17 SR16 SR15 SR14 

Data Mode Receiver Ready FE/SYN Detect Overrun 

O=DM INPUT O=RRINPUT ASYNCH: O=NORMAL 
IS HIGH IS HIGH 

O=NORMAL 
1=0VERRUN 

1=DM INPUT 1=RRINPUT ERROR 
ISLOW 

1=FRAMING 
IS LOW 

ERROR 

SYNCH: 

O=NORMAL 
1=SYN CHAR 

DETECTED 

The Overrun Error status bit, SR14, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR15 signifies that the re
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
O's when SR15=1, a break condition is present. In syn
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16= 1), this bit is set upon detec
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when 
Status Register 1 is read by the processor in the syn
chronous mode. 

SR16 and SR17 reflect the conditions of the RR and DM 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 

SR13 SR12 SR11 SR10 

PE/OLE Detect TxEMT/OSCHG Rx ROY TxRDY 

ASYNCH: O=NORMAL O=RECEIVE O=TRANSMIT 

O=NORMAL 
1=CHANGE HOLDING REG HOLDING 
IN DSR OR EMPTY REG BUSY 1=PARITY 
DCD,QR 1=RECEIVE 1=TRANSMIT 

ERROR 
TRANSMIT HOLDING REG HOLDING 

SYNCH: SHIFT REGIS- HAS DATA REG EMPTY 

O=NORMAL TER IS 

1 =PARITY EMPTY 

ERROR 
OR 

OLE CHAR 
RECEIVED 

TABLE 9-STATUS REGISTER 1 (SR1) 
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STATUS REGISTER 2 (SR2) 
The Data contained in the 5 least significant bitU,.SR20 
to SR24) reflect the conditions of the TC, TM, SQ, SB 
and SI inputs respectively. A low input sets the corre
sponding status bit high and a high input clears the 
corresponding status bit low. These 5 bits or read only. 
The three most significant bits (SR25 to SR27) allow 
interrupts to be enabled on the 5 inputs reflected in 
SR20 to SR24. 
Setting SR25 enables an interrupt to occur when the IC 

SR27 SR26 SR25 SR24 
Interrupt Interrupt Interrupt Signal Rate 
Enable 1 Enable 2 Enable 3 Indication 

1 =INTERRUPT 1 =INTERRUPT 1 =INTERRUPT O=Si INPUT 
ON SQ, SI, SB ON TM STATE ON IC STATE IS HIGH 
STATE CHANGE CHANGE 1=Si INPUT 
CHANGE IS LOW 

input signal experiences a change of state. Setting SR26 
enables an interrupt to occur when the TM input signal 
experiences a change of sta~Setting SR27 enables an 
interrupt to occur when the SQ, SI, or SB input signals 
experience a change of state. All interrupts enabled in 
these 3 bits will be reflected in the DSCHG/TxEMT output 
signal and its corresponding status bit (SR12). These 3 
bits can be read as well as written according to Table 
5. Table 10 illustrates bit assignments of Status Register 2. 

SR23 SR22 SR21 SR20 
Standby Signal Test Incoming 
Indicator Quality Mode Call 

O=Ss INPUT O=SQINPUT O=TM INPUT O=iC INPUT 
IS HIGH IS HIGH IS HIGH IS HIGH 

1=SBINPUT 1=SQ INPUT 1=TM INPUT 1=iC INPUT 
ISLOW JS LOW IS LOW IS LOW 

TABLE 10-STATUS REGISTER 2 (SR2) 

OUTPUT REGISTER (OR) 
This 6 bit read write register (ORS-ORO) controls the 6 
new output signals added to !b.e_QOM2449._QR5-1 
directly control the state of the IS, SF/SR, SS, RL, and 
LL respectively. 

OR7 OR6 ORS OR4 

Select 
Terminal Frequency/ 
In service Signal rate 

select 

ORO when set to a logic 1 will cause the NS output to 
become low. When ORO is set to a logic 0 the NS output 
will not change until the RR input goes high. 
Table 11 illustrates bit positions of the Output Register. 

OR3 OR2 OR1 ORO 

Select Remote Local New 
Standby Loop back Loopback Signal 

DON'T DON'T O=IB OUTPUT O=WSR OUTPUT O=SSOUTPUT O=AL OUTPUT O=LLOUTPUT O=NS OUTPUT GOES 
CARE CARE GOES HIGH HIGH HIGH GOES HIGH GOES HIGH HIGH ONLY WHEN 

1=IBOUTPUT 1 =WSR OUTPUT 1=SSOUTPUT 1=RL OUTPUT 1 =LL OUTPUT RR INPUT GOES HIGH 
GOES LOW LOW LOW GOES LOW GOES LOW 1 =NS OUTPUT GOES 

LOW 

TABLE 11-0UTPUT REGISTER (OR) 

101 



~ 

0 
I\) 

TxC (IX) 

TxD 

w 

g I TxEN 

== Ill 
:::> 
0 
z 
0 
a: 
J: 
u 
z 
> 
Ill 

I 1 1 2 1 3 I 4 I 5 I 1 I 2 I 3 I 4 I 5 I 1 I 2 I 3 I 4 I 5 I 1 I 2 I 3 I 4 I 5 I 1 I 2 . t2_ I 4 I 5 I 

I DATA1 c- DATA2 I DATA3 I ~-1 I DATA4 I 

DATA 1 DATA 2 DATA 3 DATA4 

~D~A,1l2l3l4ISIB C Al1l2l3l4ISIB C Al1l2l3l4iSIB C~D~A,112! 
TxD L DATA 1 I DATA 2 I DATA 3 I I DATA 4 \ 

w 

~I TxEN _J 
Ill 
:::> 
0 
z 
~ '\ TxRDY 
J: 
u 
z 
> 
~ I fxEM'f 

CE FOR 
WRITE 

OFTHR 
DATA 1 DATA 2 DATA 3 DATA4 

::! 
~ 
z 
Cl 
c 
:;: 
Cl 
:::D 
J> 
~ en 



0 w 

LU 
0 
0 
~ 
CJ) 

::::> 
0 
z 
0 
a: 
J: 
u 
z 
> 
CJ) 

LU 
0 
0 
~ 
CJ) 

::::> 
0 
z 
0 
a: 
J: 
u 
z 
> 
CJ) 

ct 

RxC 

-----------------\). ·-1 I I I I I ·-·-· I I I 1-1 I I I I I I I I 

RxD 

1 RxEN 

I SYNDET 
STATUS BIT 

I RxRDY 

CE FOR 
READ 

READ 
STATUS 

D 

DATA 1 

READ 
STATUS 

DATA 2 

READ 
RHR 

(DATA 1) 

READ 
RHR 

(DATA 2) 

READ 
RHR 

(DATA 3) 

' I I 
~ 

READ 
RHR 

(DATA 3) 

~ A ' 1 I 2 I 3 I 4 I 51 B I c A 11 I 2 I 3 I 4 I 51 B I c I - I D 1- A 11 I 2 I 3 I 4 I 51 B I ~ A ' 1 I 2 I 3 I 
RxD ( DATA 1 I DATA 2 I DATA 3 : I DATA 4 

I I I 
I I I 

I I 

Rx EN 

RxRDY 

OVERRUN 

STATU.;S~B~l~T---------------T----11.--------------------~~-~ 

CT FOR 
READ 

NOTES 

A Startbit 
B Stop bit 1 
C Stop bit 2 
D TxD marking condition 

READ 
RHR 

(DATA 1) 

READ 
RHR 

(DATA 3) 

-I 
~ 
z 
G> 
c 
); 
G> 
:::D 
):> 

s: 
CJ) 

n 
0 
3. 
~ 



TIMING DIAGRAMS (Cont'd} 

RESET CLOCK 

BRCLK. TIC.~ 

TRANSMIT RECEIVE 

1 BIT TIME 
--- (1, 16, OR 64 CLOCK PERIODS) -i 

TxC 
(INPUT) 

TxD 

TxC 
(OUTPUT) 

Ao A, 

Do-D, 
(WRITE) 

Do-D1 
(READ) ...;..;;~;.;.;..;.~__, 

READ AND WRITE 
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EXTERNAL SYNCHRONIZATION WITH XSYNC 

1X RxC _fLIL.JLJLnSl_ 
t •• ~ J4- I t •• =XSYNC SETUP TIME=300ns 

__J l tH =XSYNC HOLD TIME= ONE RxC 

XSYNC I • 
~ tH !._ 

RxD 

RxC+16 
or 64 

RxD 

NOTE 

---------\v 
CHARACTER ASSEMBLY 

BREAK DETECTION TIMING 

Rx CHARACTER=S BITS, NO PARITY 

MISSING STOP BIT DETECTED, 
SET FE BIT. 
0-RHR, ACTIVATE lfi"lfDY. 
SET BKDET PIN. 

"II the stop bit Is present, the start bit 
search will commence Immediately. 

RxD INPUT-RxSR UNTIL A MARK 
TO SPACE TRANSITION OCCURS. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .................................................................... 0°C to + 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .................................................................. + 325°C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 18.0V 
Negative Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA=0°C to +70°C, Vcc=5.0V±5% 

PARAMETER MIN TYP MAX 
Input voltage 

V1L Low 0.8 
V1H High 2.0 

Output voltage 
VoL Low 0.4 
VOH High 2.4 

iiL Input leakage current 10 

Output leakage current 
ILH Data bus high 10 
ILL Data bus low 10 

Ice Power supply current 150 

Capacitance 
C1N Input 20 
Cour Output 20 
C110 Input/Output 20 

AC ELECTRICAL CHARACTERISTICS TA=0°C to +70°C, Vcc=5.0V±5% 

PARAMETER MIN TYP 
Pulse width 

tREs Reset 1000 
tcE Chip enable 250 

Setup and hold time 
tAs Address setup 10 
tAH Address hold 10 
tcs RfW control setup 10 
tcH R/W control hold 10 
tos Data setup for write 150 
toH Data hold for write 0 
tRxs Rx data setup 300 
tRXH Rx data hold 350 

too Data delay time for read 
toF Data bus floating time 

for read 
tcEO CE to CE delay 600 

Input clock frequency 
feRG Baud rate generator 1.0 4.9152 

(2449-1, -2) 
feRG Baud rate generator 1.0 5.0688 

___.12449~ 
fR,1r1 TxC or RxC de 

Clock width 
tsRH Baud rate high 75 

(2449-1, -2) 
teRH Baud rate high 70 

(2449-3) 
teRL Baud rate low 75 

(2449-1, -2) 
teRL Baud rate low 70 

_(24~ 
tR/TH1 TxC or RxC high 480 
tR/TL TxC or RxC low 480 

hxo TxD delayJJ:Qrn falling 
edge of TxC 

hes Skew between TxD 
changin9.1!!Jd tailing 
edge of TxC output 0 

NOTE: 
1. fR,'T and IR;TL shown all modes except Local Loopback. For Local Loopback mode 

fR;r=0.7MHz and tR;TL=700ns min. 
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MAX 

200 

100 

4.9202 

5.0738 

1.0 

650 

UNIT TEST CONDITIONS 

v 

v loL=2.2mA 
loH=-400µA 

µA V1N=O to 5.5V 

µA Vo=4.0V 
µA Vo=0.45V 

mA 

pF fc=1MHz 
pF Unmeasured pins tied 
pF to ground 

UNIT TEST CONDITIONS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns CL=150pF 

ns CL=150pF 
ns 

MHz 

MHz 

MHz 

feRG=4.915MHz; measured 
at V1H 

feRa=5.0688MHz; measured 
at V1H 

feRa=4.915MHz; measured 
at V1L 

feRa=5.0688MHz; measured 
at V1L 

ns 
ns 

ns CL=150pF 

ns CL=150pF 

I 

l 



COM2449 

TYPICAL APPLICATIONS 

ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

r------, 
_____. EIATOTTL i•"' zgp~o-CONVERT 

T10 (OPT) 

L------J 

BRCLK r-.----1 5.0618MHz 
OSCILLATOR 

ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

ASYNC 
MODEM 

PHONE 
LINE 

INTER
FACE 

CRT 
TERMINAL 

TELEPHONE 
LINE 

SYNCHRONOUS INTERFACE 
TO TERMINAL OR 

PERIPHERAL DEVICE 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

t 
TELEPHONE 

LINE 

STANDARD MICROSYSTEMS 
CORPORATIONf~iiiiiiiiiiii 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions. consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

35MarcusBl,d.Hauppauge.NY11788 
15161273-3100 TWX-510-227-8898 
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STANDARD MICROSYSTEMS 
CORPORATION, 

t 
COM2601 

Universal Synchronous Receiver/Transmitter 
USRT 

FEATURES 

D STR, SSC-Bi-sync and interleaved bi-sync 
modes of operation 

D Fully Programmable-data word length, parity 
mode, receiver sync character, transmitter 
sync character 

D Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for 
precise external timing 

D Directly TTL Compatible-no interface 
components required 

D Tri-State Data Outputs-bus structure oriented 

D IBM Compatible-internally generated SCR 
and SCT signals 

D High Speed Operation-250K baud, 200ns 
strobes 

D Low Power-300mW 

D Input Protected-eliminates handling problems 

D Dip Package-easy board insertion 

APPLICATIONS 

D Bi-Sync Communications 

D Cassette 1/0 

D Floppy Disk 1/0 

GENERAL DESCRIPTION 

The Universal Synchronous Receiver/Transmitter 
is an MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions 
associated with synchronous (STR, SSC, Bi-sync, 
and interleaved bi-sync) data communications. 
This circuit is fabricated using SMC's P-channel 
low voltage oxide-nitride technology, allowing 
all inputs and outputs to be directly TTL 
compatible. The duplex mode, baud rate, data 
word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 
controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
ability to interface with all synchronous peripherals. 
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TCP 

TBMT 

SCT 

cs 

NDB1 
NDB2 

POE 
NPB 

AR 
RCP 
SCA 
APE 
ROA 
RDA 

ROAR 

20 

PIN CONFIGURATION 

Vee 
TBMT 

TSO 

40 POE 
39 cs 
3S NDB1 

Gnd 37 NPB 
SCT 36 NDB2 
Voe 3S AD1 
DB1 34 RD2 

DB2 S 33 RD3 
DB3 9 32 

DB4~10 D 31 

RD4 

DBS 11 30 
RDS 

RD6 
DB6 12 29 RD7 

RDS DB7 13 2S 
DBS 14 27 ROA 

RR 1S 26 RDA 
APE 16 2S ADE 
SCA 17 24 ROAR 
TSS 1S 23 RCP 
TCP 19 22 RSI 
TDS 20 21 ASS 

PACKAGE: 40-Pin 0.1.P. 

FUNCTIONAL BLOCK DIAGRAM 
DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 

12 11 10 9 8 

!t-+-+--lS_. TSS 

f------+-1--
3
.:....i TSO 

RSI 1------tt.._.:::_:~:::::::.:.:::.J 

ROE o-2-S _ ____., RECEIVER BUFFER REGISTER 

28 29 30 31 32 33 34 35 

RDS RD7 ROG RDS RD4 RD3 RD2 RD1 

Vee 
Voe 
Gnd 

I 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

Vee Power Supply +s volt Supply 

2 TBMT Transmitter This output is at a high-level when the transmitter data 
Buffer Empty buffer register may be loaded with new data. 

3 TSO Transmitter This output serially provides the entire transmitted 
Serial Output character. This character is extracted from the transmitter 

data buffer register provided that a TDS pulse occurs during 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 

4 GND Ground Ground 

5 SCT Sync Character This output is set high when the character loaded into the 
Transmitted transmitter shift register is extracted from the transmitter 

sync register, indicating that the TDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 

6 Voo Power Supply -12 volt Supply 

7-14 DB1-DB8 Data Bus Inputs This 8 bit bus inputs information into the receiver sync 
register under control of the ASS strobe, intothetransmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 

15 RR Receiver Reset This input should be pulsed to a high-level after power 
turn-on. This resets the RDA, SCA, ROA, and RPE outputs 
to a low-level. The transition of the RR input from a high-
level to a low-level sets the receiver into the search mode 
(bit phase).'ln the search mode the serially received data bit 
stream is examined on a bit by bit basis until a.sync character 
is found. A sync character is found, by definition, when the 
contents of the receiver sync register and the receiver 
shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 

16 RPE Receiver This output is a high-level if the received character parity 
Parity Error bit does not agree with the selected parity. 
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PIN NO. SYMBOL 

17 SCR 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28-35 

36,38 

TSS 

TCP 

TDS 

RSS 

RSI 

RCP 

ROAR 

ROE 

RDA 

ROR 

RD8-RD1 

NDB2, 
NDB1 

DESCRIPTION OF PIN FUNCTIONS 

NAME 

Sync Character 
Received 

Transmitter Sync 
Strobe 

Transmitter Clock 

Transmitter Data 
Buffer Strobe 

Receiver Sync 
Strobe 

Receiver Serial Input 

Receiver Clock 

Receiver Data 
Available Reset 

Received Data 
Enable 

Receiver Data 
Available 

Receiver Over
Run 

Receiver Data 
Output 

Number of Data 
Bits 

FUNCTION 

This output is set high each time the character loaded into 
the receiver buffer register is identical to the character in 
the receiver sync register. This output is reset low the next 
time the receiver buffer register is loaded with a character 
which is not a sync character. 

A high-level input strobe loads the character on the DB1-
DB8 lines into the transmitter sync register. 

The positive going edge of this clock shifts data out of 
the transmitter shift register, at a baud rate equal to the 
TCP clock frequency. 

A high-level input strobe loads the character on the DB1-
DB8 lines into the transmitter data buffer register. 

A high-level input strobe loads the character on the DB1-
DB8 lines into the receiver sync register. 

This input accepts the serial bit input stream. 

The negative-going edge of this clock shifts data into the 
receiver shift register, at a baud rate equal to the RCP 
clock frequency. 

A high-level input resets the RDA output to a low-level. 

A high-level input enables the outputs (RD8-RD1) of the 
receiver buffer register 

This output is at a high-level when an entire character has 
been received and transferred into the receiver buffer 
register. 

This output is at a high-level if the previously received 
character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 

These are the 8 tri-state data outputs enabled by ROE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 

NDB2 NDB1 
L L 
L H 
H L 
H H 
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data bits/character 
5 
6 
7 
8 



PIN NO. SYMBOL 

37 NPB 

39 cs 

40 POE 

TCP 

OUTPUT 

DESCRIPTION OF PIN FUNCTIONS 

NAME 

No Parity Bit 

Control Strobe 

Odd/Even Parity 
Select 

FUNCTION 

A high-level input eliminates the parity bit from being 
transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the APE output is 
forced to a low-level. See pin 40, POE. 

A high-level input enters the control bits (NDB1, NDB2, 
POE, and NPB) into the control bits register. This line may 
be strobed or hard wired to a high-level. 

The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the reciever and 
transmitter, as per the following table: 

NPB 
L 
L 
H 

POE 
L 
H 
x 

MODE 
odd parity 
even parity 
no parity 
X =don't care 

ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 

Transmitter 

~--TPD1---+I 

Receiver 

----Tpo1----

RCP 
@ 250KHz 

RSI 

VoH 

-V~L--• 

110 

OUTPUT 
TsMT 

SCT 
TSO 

OUTPUT 
~ 

ROR 
RPE 
SCR 

RD1-RDB 

lPDO 1PD1 UNITS 
Ni\ 2.0 µs 

1.0 1.5 µs 
1.0 1.0 µs 

TPDO !ill UNITS 
Ni\ 1.0 µs 

2.0 2.5 µs 
2.0 2.5 µS 
2.0 2.5 µs 
2.5 2.5 µs 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................... 0°Cto +70°C 
Storage Temperature Range ............................................. -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) .............................................. +325° C 
Positive Voltage on any Pin, Vee ..................................................... +0.3V 
Negative Voltage on any Pin, Vee .................................................... -25 V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA= 0° C to 70° C, Vee= +5V ±5%, Voo = -12V ±5%, unless otherwise noted) 

Parameter 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V1L 
High-level, V1H 

OUTPUT VOLTAGE LEVELS 
Low-level, VoL 
High-level, VoH 

INPUT CURRENT 
Low-level, l1L 

OUTPUT CURRENT 
Leakage, ILo 
Short circuit, los** 

INPUT CAPACITANCE 
All inputs, C1N 

OUTPUT CAPACITANCE 
All outputs, CouT 

POWER SUPPLY CURRENT 
Ice 
loo 

A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 
Receiver reset 
Control strobe 
Transmitter data strobe 
Transmitter sync strobe 
Receiver sync strobe 
Receiver data available 

reset 
INPUT SET-UP TIME 

Data bits 
Control bits 

INPUT HOLD TIME 
Data bits 
Control bits 

STROBE TO OUTPUT DELAY 
Receive data enable 

OUTPUT DISABLE DELAY 

Min 

Voo 
Vec-1.5 

2.4 

DC 

1 
1 

200 
200 
200 
200 

200 

>O 
>O 

>O 
>O 

Typ Max Unit Conditions 

0.2 
4.0 

5 

10 

180 
100 

0.8 
Vee 

0.4 

1.6 

-1 
10 

10 

20 

28 
28 

250 

250 
250 

v 
v 

V loL= 1.6mA 
V loH = -100µA 

mA see note 1 

µA ROE= V1L, 0 :5VouT :5 +5V 
mA VouT=OV 

pf V1N =Vee, f = 1MHz 

pf RoE = V1L, f = 1MHz 

~~ J All outputs = VoH 

TA= +25°C 
KHz RCP, TCP 

µs RCP, TCP 
µs RR 
ns cs 
ns TDS 
ns TSS 
ns RSS 

ns ROAR 

ns DB1-DB8 
ns NPB, NDB2, NDB1, POE 

ns DB1-DB8 
ns NPB, NDB2, NDB1, POE 

Load= 20pf +1 TTL input 
ns ROE: TP01, TPoo 
ns ROE 

**Not more than one output should be shorted at a time. 

NOTES: 
1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA 

maximum flows during a transition of the input. 
2. The three-state output has 3 states: 

1) low impedance to Vee 
2) low impedance to GND 
3) high impedance OFF~ 10M ohms 
The OFF state is controlled by the ROE input. 
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DESCRIPTION OF OPERATION-RECEIVER/TRANSMITTER 

The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 
receiver sync character (synchronous idle charac
ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync character is found. A sync charac
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 
The input clock frequency for the transmitter is set 

at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 
register. Internal logic decides if the character to be 
transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
If the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans
mitter sync register and the Sync Character Trans
mitted output is set to a high level. Full double buffer
ing eliminates the need for precise external timing by 
allowing one full character time to load the next 
character to be transmitted. 
There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly 
TTL compatible. Tri-state data output levels are 
provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 

FLOW CHART -TRANSMITTER 

TURN POWER ON 
SET CONTROL BITS-PULSE CS 
SET SYNC CHARACTER ONTO THE DATA BUS-PULSE TSS 
SELECT BAUD RATE-TCP 

TRANSMIT 1 BIT 

NO 

LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 
SCT =O 
TBMT = 1 

SET DATA BITS ONTO 
DATA BUS-PULSE TDS 
TBMT = 0 

SET SYNC CHARACTER 
ONTO DATA BUS
PULSE TSS 

LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 
SCT = 1 
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FLOW CHART - RECEIVER 

TURN POWER ON 
SELECT CONTROL BITS-PULSE CS 
SET RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE ASS 
PULSE RR-SETS RECEIVER INTO SEARCH MODE, RDA= ROA= APE= SCA= O 

NO 

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 

SET THE RECEIVER INTO THE CHARACTER MODE 
SCA= 1 

LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER-RDA= 1 
EXAMINE OUTPUTS, PULSE ROAR, RDA= 0 
IF DESIRED. SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE ASS 

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 

SETSCR=1 SETSCR=O 

SET APE =O SETRPE=1 

YES NO 
SET ROA= 1 
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USRT TIMING DIAGRAM 

TCP 
I 

Tos ____ ___.n. _______ -1: __________ __.n: Note 1 
I 

TBMT I I.----------------..__ ______ -+':~, N-o_t_e_1--------~~ 

SCT ------------~'-~ I 

RCP 

RSI 

I 

I+--- Sync Character ~-- Data Character Data Character --+! 

l4-- Sync Character 

I 
- _J - {- -'- - - - - 1-+ r L'_J 1 - r -,- - + _J -1 l r 1_1 J _ l _ 1 __ -+ _ 1- _

1 
_____ __! -+ 

~-r-1 Data Character I ~1~ I I Data Character ~ 

RR__Jl~---~~~---~'--~'---------,-1-~1~----__.__I ---1 

I I I I I 
ROAR I I ni Note'2 I 

--------------'---~1--t-1------~ ~,--+-1--+---------...--1 

RDA-, II I I I 
I~. ------------~-~!,,..- _ J Note 3 '--'----111.- - J I I 

I I I 
ROA-, I Iii 

! I : II -~ 

APE ''------------+--:t---------N_o_te_3_,_i.._I _ ~ _________ -~ 
SCA I 1.---_,.,.:--------t-.!1 I -Ji I I 

RD1-8-

.__ -----------1-:..__I -~Note3 . 11 I I 

=I [ Jr = =- J 1-= D -= -=- -=- -=- -=- -= = j ~ ]: 
NOTE 1 
The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec
onds after this clock transition. 
If it is desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond prior to this 
clock transition. 

NOTE 2 
In order to avoid an ROR 
indication the leading edge of 
the ROAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 
of the first bit after the last data 
bit on the RSI input. 

NOTE 3 
The ROR, RPE, SCR and RD1-
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
bit on the RSI input. The RDA 
output is set high at the next 
negative clock transition. 

The solid waveforms corre
spond to a control register 
setting of 5 data bits and a 
parity bit. The dashed wave
forms.are for a setting of 6 data 
bits and no parity bit. 

STANDARD MICROSYSTEMS 
CORPORATION,iliiimiiiiiii 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

35Ma-cus81vd.~.NY117!S 
(516)273-3100 TWX-510-227-8898 
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STANDARD MICROSYSTEMS 
CORPORATION1 

t 
COM 2651 µpc FAMILY 

Programmable Communication Interface 
PCI 

FEATURES 
0 Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
0 Re-programmable ROM on-chip baud 

rate generator 
0 Synchronous Mode Capabilities 

-Selectable 5 to 8-Bit Characters 
-Selectable 1 or 2 SYNC Characters 
-Internal Character Synchronization 
- Transparent or Non-Transparent Mode 
-Automatic SYNC or OLE-SYNC Insertion 
-SYNC or OLE Stripping 
-Odd, Even, or No Parity 
- Local or remote maintenance loop back mode 

0 Asynchronous Mode Capabilities 
-Selectable 5 to 8-Bit Characters 
-3 Selectable Clock Rates (1 X, 16X, 64X the 

Baud Rate) 
- Line Break Detection and Generation 
-1, 1112, or 2-Stop Bit Detection and Generation 
- False Start Bit Detection 
- Odd, Even, or No Parity 
- Parity, Overrun, and framing error detect 
- Local or remote maintenance loop back mode 
-Automatic serial echo mode 

0 Baud Rates 
- DC to 1.0M Baud (Synchronous) 
-DC to 1.0M Baud (1X, Asynchronous) 
- DC to 62.5K Baud (16X, Asynchronous) 
- DC to 15.625K Baud (64X, Asynchronous) 

0 Double Buffering of Data 

PIN CONFIGURATION 

02 1 

03 2 
RxO 3 

GNO 4 

04 5 

05 6 

06 7 
07 8 

TxC 9 

A1 10 

CE11 

A012 

R/W13 

RxROY 14 

28 01 

27 DO 

26 Vee 

25 RxC 

24 DTR 

23 RTS 

22~ 

21 RESET 

20 BRCLK 

19Tx0 

18 TxEMT/OSCHG 

17CTS 

160CO 

15 TxROY 

Package: 28-pin 0.1.P. 

0 Internal or External Baud Rate Clock 
-16 Internal Rates:50 to 19,200 Baud 

0 Single +5 volt Power Supply 
0 TTL Compatible 
0 No System Clock Required 
0 Compatible with 2651, INS2651 

GENERAL DESCRIPTION 
The COM 2651 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology 
that meets the majorit~ of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to· generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 
The COM 2651 is a Universal Synchronous/ 
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Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com
munications. The USART is used as a peripheral 
and is programmed by the processor to com
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 



DATA BUS 

00-07 

RESET 

AO 

A1 

R/W 

BRCLK 

~ 

..... 

·" ~ 

~ 

- ~ 

--

K-DATA BUS 
BUFFER 

t 
OPERATION CONTROL 

~ MODE REGISTER 1 

MODE REGISTER 2 

COMMAND REGISTER .._..__ 
STATUS REGISTER 

~ 

ROM 
RE-PROGRAMMABLE +--,_ 

BAUD RATE 
GENERATOR 

AND 
t--CLOCK CONTROL 

) SYN/OLE CONTROL 

SYN 1 REGISTER 

SYN 2 REGISTER 

~ 

OLE REGISTER 

t--' TRANSMITTER p. 
I----' 

) TRANSMIT DATA 
HOLDING REGISTER 

TRANSMIT 
SHIFT REGISTER 

....... TxD 

1-- l 1 
RECEIVER i.... ,..... ....... 

t--• 
RECEIVE DATA 

HOLDING REGISTER 

DsR 

DCD 

CTS 

AfS 

5TR 

lxEMT/ 
DSC HG 

·" 
·" 
_,.. 

MODEM ~ 
RECEIVE 

SHIFT REGISTER -- RxD 

CONTROL __,.. 

__,.. ------
~ Vee 

- ---
. GND 

COM 2651 ORGANIZATION 

The COM 2651 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 
Operation Control 
This functional block stores configuration and opera
tion commands from the processor and generates appro
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 
Timing 
The COM 2651 contains a Baud Rate Generator {BAG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. 
Receiver 
The Receiver accepts serial data on the RxD pin, con
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
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technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 
The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits {based on the communication tech
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 
The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2651 and a modem. 

SYN/OLE Control 
This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and OLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 
The COM 2651 interface signals can be grouped into two 
types: the processor-related signals (shown in Table 2) which 
interface the COM 2651 to the processor, and the device
related signals (shown in Table 3), which are used to inter
face to the communications equipment. 



TABLE 2-PROCESSOR RELATED SIGNALS 

PIN NO. NAME SYMBOL FUNCTION 

1,2,5,6, Data D7-D0 Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
7,8,27,28 between the COM 2651 and a processor. 00 is the least significant bit; D7 is the most 

significant bit. 

10, 12 Address A1, A0 Input; Address lines used to select COM 2651 registers. 

11 Chip Enable CE Input; when this signal is low, the operation specified by the R/W, A 1 and A0 will be 
performed. When this input is high, D7-0 are in the high impedance state. 

13 Read/Write R/W Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2651 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 

14 Receiver Ready RxRDY Output; This signal is the complement of Status Register bit 1 (SR1 ). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. I 

. 

15 Transmitter TxRDY Output; This signal is the complement of Status Register bit O (SRO). When low, it 
Ready indicates that the Transmit Data Holding Register (THR) is ready to accept a data 

character from the processor. It goes high when the data character is loaded. Th is output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 

18 Transmitter TxEMT/ Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
empty/data DSC HG indicates that the transmitter has completed serialization of the last character loaded 
set change by the processor, or that a change of state of the DSR or DCD inputs has occurred. 

This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 

21 Reset Reset Input; A high on this input performs a master reset on the COM 2651. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 

26 Supply Voltage Vee +5 volts supply. 

4 Ground GND Ground. 

TABLE 3-DEVICE RELATED SIGNALS 

PIN NO. NAME SYMBOL FUNCTION 

3 Receive Data RxD Input; Serial data to the receiver. "Mark" is high "space" is low. 

9 Transmitter TxC Input or Output; If the external transmitter clock is programmed, this input controls 
Clock the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 

rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at 1X the programmed Baud rate. 

16 Data Carrier DCD Input; This signal must be low in order for the receiver to function. The complement 
Detect ap12ears in the Status Register bit 6 (SR6). When this input changes state a low output 

on TxEMT/DSCHG occurs. 

17 Clear to Send CTS Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 

19 Transmit Data TxD Output; Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 

20 Baud Rate Clock BRCLK Input; The standard device requires a 5.0688MHz clock to the internal Baud rate 
generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip 
allows for user specificed Baud rates and input frequency. Consult the factory for 
details. This input is not required if external receive and transmit clocks are used. 

22 Data Set Ready DSR Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). When this input 
changes state, a low output on TxEMT/DSCHG occurs. 

23 Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate Request to Send. 
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TABLE 3-DEVICE RELATED SIGNALS 

PIN NO. NAME SYMBOL FUNCTION 

24 Data Terminal i5iR Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 

25 Receive Clock RxC Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin becomes an output at 1 X the 
programmed Baud rate. 

COM 2651 OPERATION 

The functional operation of the COM 2651 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 
After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specif iced by the control words. 

Receiver 
The COM 2651 is conditioned to receive data when the 
0CL> input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Register, the :RxRDY: bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit[s]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return to a high 
condition before a search for the next start bit begins. 
When the COM 2651 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a Oto 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 
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to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn
chronization has been achieved, the COM 2651 con
tinues to assemble characters and transfers them to the 
!:!Q!QlQg Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 

Transmitter 
The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TXATIV' output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans
mission of the previous character. The TxRDY condi
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains ir. 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi".' 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2651 



asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND OLE bit in the command register is 
true, the OLE character is automatically transmitted prior 
to transmission of the message character in the transmit 
holding register. 

COM 2651 PROGRAMMING 
Prior to initiating data communications, the COM 2651 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/OLE registers must be loaded. The 
COM 2651 can be reconfigured at any time during pro
gram execution. However, if the change has an effect on 
the reception of a character the receiver should be dis
abled. Alternatively if the change is made 1112 RxC periods 
after RxRDY goes active it will affect the next character 
assembly. A flowchart of the initialization process 
appears in Figure 1. 

The internal registers of the COM 2651_are accessed by 
applying specific signals to the CE, R/W, A 1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 
The SYN1, SYN2, and OLE registers are accessed by 
performing ~rite operations with the conditions A 1 =O, 
A0=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the OLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub
sequent operation addresses Mode Register 2. If more 
than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 
The COM 2651 register formats are summarized in 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, 
while the Command Register controls the operation 
within this basic framework. ·The COM 2651 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 

CE A1 AO R/W 
1 x x x 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 

NOTE 

COM 2651 INITIALIZATION FLOW CHART 

INITIAL RESET 

___ .._ __ NOTE 

Mode Register 1 must be written 
before 2 can be written. Mode Register 2 

....._ __ ,,_.. __ need not be programmed if external 

clocks are used. 

r-----
1 --~--~--
1 
I 

FUNCTION 

Tri-state data bus 

Figure 1 

Read receive holding register 
Write transmit holding register 
Read status register 
Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 

NOTE 
SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before OLE can be written. 

See AC Characteristics section for timing requirements. 

Table 4-COM 2651 REGISTER ADDRESSING 
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MODE REGISTER 1 (MR1) 
Table 5 illustrates Mode Register 1. Bits MR11 and MR10 performs a parity check on incoming data. MR15 selects 
select the communication format and Baud rate multi- odd or even parity when parity is enabled by MR14. 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 
MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 
MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 

MR17 MR16 MR15 MR14 

In asychronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro
grammed, 1.5, stop bits defaults to 1 stop bits on trans
mit). In synchronous mode, MR17 controls the number 
of SYN ch.aracters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. Also OLE 
stripping and OLE Detect (with MR14=0) are enabled. 

MR13 I MR12 MR11 I MR10 

Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor 

ASYNCH: STOP BIT LENGTH 
OO=INVALIO 0=000 O=OISABLEO 00=5 BITS OO=SYNCHRONOUS 1X RATE 
01 =1 STOP BIT 1=EVEN l=ENABLED 
10=1'12 STOP BITS 
11 =2 STOP BITS 

SYNCH: NUMBER SYNCH: TRANS· 
OF SYN CHAR PARENCY CONTROL 

O=OOUBLE SYN O=NORMAL 
1 =SINGLE SYN 1 =TRANSPARENT 

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11, MR10) in any case. 

01=6 BITS 01=ASYNCHRONOUS 1X RATE 
10=7 BITS 10=ASYNCHRONOUS 16X RATE 
11=8 BITS 11=ASYNCHRONOUS 64X RATE 

TABLE 5-MODE REGISTER 1 (MR1) 

MODE REGISTER 2 (MR2) 
Table 6 illustrates Mode Register 2. MR23, MR22, MR21, 
and MR20 control the frequency of the internal Baud 
rate generator (BAG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK input (pin 20), 
the BAG output has zero error except at 134.5, 2000, and 
19,200 Baud, which have errors of .=t-0.016% +0.253%, 
and +3.125% respectively. 

MR25 and MR24 select either the BAG or the external 

MR27 l MR26 MR25 MR24 

Transmitter Receiver 
Clock Clock 

O=EXTERNAL O=EXTERNAL 
NOT USED 1=1NTERNAL 1=1NTERNAL 

Code 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

inputs TxC and Axe as the clock source for the trans
mitter and receiver, respectively. If the BAG clock is 
selected, the Baud rate factor in asynchronous mode is 
16X regardless of the factor selected by MR11 and MR10. 
In addition, the corresponding clock pin provides an 
output at 1 X the Baud rate. Custom Baud rates other 
than the ones provided by the standard part are avail
able. Contact the factory for details. 

MR23-MR20 

Theoretical Actual 
Baud Frequency Frequency Percent 
Rate 16X Clock 16X Clock Error Divisor 

50 0.8 KHz 0.8 KHz - 6336 
75 1.2 1.2 - 4224 

110 1.76 1.76 - 2880 
134.5 2.152 2.1523 O.D16 2355 
150 2.4 2,4 - 2112 
300 4.8 4.8 - 1056 
600 9.6 9.6 - 528 

1200 19.2 19.2 - 264 
1800 28.8 28.8 - 176 
2000 32.0 32.081 0.253 158 
2400 38.4 38.4 - 132 
3600 57.6 57.6 - 88 
4800 76.8 76.8 - 66 
7200 115.2 115.2 - 44 
9600 153.6 153.6 - 33 

19200· 307.2 316.8 3.125 16 

NOTE ·error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X. 
Baud rates are valid for crystal frequency= 5.0688MHz 

TABLE 6-MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 
Table 7 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A O to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second l1XC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat
ing operation. The TxD output will then remain in the 
marking state (high) while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi
nate operation immediately. Any character being assem
bled will be neglected. 
In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn
chronous mode, setting CR3 causes the transmission 
of the OLE register contents prior to sending the char
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 

Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5 ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 

The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR? and 
CR6. CR7-CR6=00 is the normal mode, with the trans
mitter and receiver operating independently in accor
dance with the Mode and Status Register instructions. 
In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. TxR~YE~tut=1. 
4. The x i'DSCHG pin will reflect only the data set 

change condition. 

CR7 I CR6 CR5 CR4 

Operating Mode 
Request to 

Reset Error 
Send 

OO=NORMAL OPERATION O=NORMAL 
01 =ASYNCH: AUTOMATIC O=FORCE ATS 1 =RESET 

ECHO MODE OUTPUT HIGH ERROR FLAG 
SYNCH: SYN AND/OR 1 =FORCE R'fS IN STATUS 
OLE STRIPPING MODE OUTPUT LOW (FE, OE, 

10=LOCAL LOOP BACK PE/OLE DETECT) 
11 =REMOTE LOOP BACK 

5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/OLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 
1. In the non-transparent, single SYN mode (MR17-

MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. However, only the first 
SYN1 of an SYN1-SYN1 pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching OLE, or SYN1 if immediately 
preceded by OLE, are not transferred to the RHR. 
However, only the first OLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the OLE Detect and SYN Detect status bits 
(SR3 and SR5). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 
1. The transmitter output is connected to the receiver 
~t. --

2. DTR is connected to DCD and RTS is connected to 
CTS. 

3. The receiver is clocked by the transmit clock. 
4. The DTR, FITS and TxD outputs are held high. 
5. The CTS, 0Cl5, DSR and RxD inputs are ignored. 
Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2651. 
The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. No data are sent to the local processor, but the error 

status conditions (PE, OE, FE) are~ 
4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 

held high. 
5. CRO (TxEN) is ignored. 
6. All other signals operate normally. 

CR3 CR2 CR1 CRO 

'Sync/Async Receive Data Terminal Transmit 
Control (RxEN) Ready Control (TxEN) 

ASYNCH: 
FORCE BREAK 

O=NORMAL O=DISABLE O=FORCE DTR O=DISABLE 

1 =FORCE 1 =ENABLE OUTPUT HIGH 1 =ENABLE 

BREAK 1=FORCE DTR 

SYNCH: 
OUTPUT LOW 

SEND OLE 

O=NORMAL 
1 =SEND OLE 

TABLE 7-COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 

The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 

SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote LooR Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero. there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs or that the 
Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn
chronous mode this bit will be set even though the 
appropriate "fill" character is transmitted. TxEMT will not 
go active until at least one character has been trans
mitted. It is cleared by loading the Transmit Data Hold-

SR7· SR6 SRS SR4 

Data Set Data Carrier FE/SYN Detect Overrun 
Ready Detect 

O=DsRINPUT O=DCD INPUT ASYNCH: O=NORMAL 
ISHIGH ISHIGH 1=0VERRUN O=NORMAL 

1 =DSR INPUT 1=DCD INPUT 1=FRAMING ERROR 
ISLOW ISLOW ERROR 

SYNCH: 

O=NORMAL 
1=SYNCHAR 

DETECTED 

I 

ing Register. The DSCHG condition is enabled when 
TxEN = 1 or RxEN = 1. It is cleared when the Status Reg
ister is read by the processor. When SR2 is set, the TxEMT/ 
DSCHG output is low. 
SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the OLE Register has been received. 
However, only the first OLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis
abled and by the Reset Error command, CR4: 
The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 
-ln--asynchronous mode, bit SR5 signifies that ttie re:: 
ceived character was not framed by the programmed 
number of stop bits. (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
O's when SR5=1, a break condition is present. In syn
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is receiv..ed. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn
chronous mode. 
SR6 and SR? reflect the conditions of the DCD and-DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 

SR3 SR2 SR1 SRO 

PE/OLE Detect TxEMT/DSCHG RxRDY TxRDY 

O=NORMAL O=RECEIVE O=TRANSMIT 
ASYNCH: 1=CHANGE HOLDING REG HOLDING 
O=NORMAL INDSROR EMPTY REG BUSY 
1 =PARITY DCD,OR 1=RECEIVE 1=TRANSMIT 

ERROR TRANSMIT HOLDING REG HOLDING 

SYNCH: SHIFT REGIS- HAS DATA REG EMPTY 
TERIS 

O=NORMAL EMPTY 
1=PARITY 

ERROR 
OR 

DLECHAR 
RECEIVED 

TABLE 8-STATUS REGISTER (SR) 
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TIMING DIAGRAMS 

TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

OATA1 OATA4 

~o~A

1
1,2 1 3 1 c 1 s

1
e c A

1
1,2 1 3 1 • 1 s

1
e c A

1
1,2 1 3 1 clsle c...-o~A~ 

TxO I . DATA 1 • I . DATA 2 • I . DATA 3 : • ~ 
I I 1 I 

I I I I 

;;;,-R1 jj--+-)--+-b-----+-------------. --+Y?r+---~I ~==~ ==~ 
om• LY ~ ii- Lt--

DATA 1 

NOTES 

A :::Start bit 
B =Stop bit 1 
C =Stop bit 2 
D .::::: TxO marking cond1t1on 

TxEMT goes low at the beginning of the last data bit, or, 1f parity is enabled, at the beginning of the parity bit. 

OATA4 

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

SVNDET 
STATUS BIT 
~~~~~~~~~ 

D 

READ 
STATUS 

READ 
STATUS 

READ 
RHR 

(DATA 1) 

...r--
READ 

RHA 
(DATA3) 

~ A I ' I 2 I 3 I 4 I 5 I B I c A 11 I 2 I 3 I 4 I 5 I B I c , - , D ,- A 11 I 2 I 3 I • I 5 I B I ? A i 1 I 2 I 3 I 

R•D ----, DATA 1 I I DATA 2 I DATA 3 ! I DATA 4 

NOTES 

A = Startb1t 
B ~Stop bit 1 
C c- Stop bit 2 
0 = TxD marking cond1t1on 

I ' 

READ 
RHR 

(DATA 1) 
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TxC 
(INPUT) 

TxD 

TiC 
(OUTPUT) 

TIMING DIAGRAMS (Cont'd) 

RESET 

BRCLK,~.~ 

TRANSMIT 

1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) -i 

'Tes 

Ao.Ai 

Do·D1 
(WRITE) 

Do·D1 

READ AND WRITE 

CLOCK 

RECEIVE 

(READ) ----+-"" "---·------1~""'I'-----
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .................................................................. 0°C to+ 70°C 
Storage Temperature Range .................................................................. -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) .................................................................. +325°C 
Positive Voltage on any Pin, with respect to ground ....................................................... +18.0V 
Negative Voltage on any Pin, with respect to ground ....................................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA=0°C to +70°C, Vcc=5.0V ±5% 

PARAMETER MIN TYP MAX 

Input voltage 
V1L Low 0.8 
V1H High 2.0 

Output voltage 
VoL Low 0.4 
VoH High 2.4 

l1L Input leakage current 10 
Output leakage current 

ILH Data bus high 10 
ILL Data bus low 10 

Ice Power supply current 150 
Capacitance 

C1N Input 20 

Gour Output 20 

C110 Input/Output 20 

AC ELECTRICAL CHARACTERISTICS TA=0°C to +70°C, Vcc=5.0V ±5% 

PARAMETER MIN TYP 

Pulse width 
tRES Reset 1000 
tcE Chip enable 300 

Setup and hold time 
tAs Address setup 20 
tAH Address hold 20 
tcs BIW control setup 20 
tcH R/W control hold 20 
tos Data setup for write 225 
toH Data hold for write 0 
tRxs Rx data setup 300 
tRXH Rx data hold 350 

too Data delay time for read 
toF Data bus floating time 

for read 
tcEO CE to CE delay 700 

Input clock frequency 
feRq Baud ra~enerator 1.0 5.0688 
fR;T TxC or Rx de 

Clock width 
teRH Baud rate high 70 
teRL Baud rate low 70 
tR;TH

1 
TxC or RXC high 500 

tR/TL TxC or Axe low 500 

hxo TxD delay from falling 
edgeofTxC 

hes Skew between TxD 
changin~d falling 
edge of Tx output 0 

NOTE: 
1. fR;r and tR;rL shown for all modes except Local Loopback. For Local Loop back mode 

fR;r=0.7 MHz and IR;rL =700ns min. 
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MAX 

250 

150 

5.0738 
1.0 

650 

UNIT TEST CONDITIONS 

v 

v loL=1.6mA 
loH=-100µA 

µA V1N=O to 5.25V 

µA Vo=4.0V 
µA Vo=0.45V 
mA 

pF 
fc=1MHz 

pF Unmeasured pins tied 
to ground 

pF 

UNIT TEST CONDITIONS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns CL=100pF 

ns CL=100pF 
ns 

MHz 
MHz 

ns fsRa=5.0688MHz 
ns faRa=5.0688MHz 
ns 
ns 

ns CL=100pF 

ns CL=100pF 



TYPICAL APPLICATIONS 

ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

~-:-:~:-,Si£WO 1----- c~6'~W I 
L------J 

5.06HMHz 
OSCILLATOR 

ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

A.SYNC 
MODEM 

PHONE 
LINE 

INTER
FACE 

CRT 
TERMINAL 

TELEPHONE 
LINE 

COM 2651 

SYNCHRONOUS INTERFACE 
TO TERMINAL OR 

PERIPHERAL DEVICE 

iiiC-----1 

'hl.----
SYNCHRONOUS 

TERMINAL 
OR PERIPHERAL 

DEVICE 

SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

SYNC 
MODEM 

PHONE 
LINE 

INTER
FACE 

t 
TELEPHONE 

LINE 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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COM 2661-1 
COM 2661-2 
COM 2661-3 

µPC FAMILY 

IEnhancedJ fPirogrammable 
Communication Interface 

lEPC~ 
FEATURES 
D Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
D Re-programmable ROM on-chip baud 

rate generator 
D Synchronous Mode Capabilities 

-Selectable 5 to 8-Bit Characters 
-Selectable 1 or 2 SYNC Characters 
-Internal or External Character Synchronization 
- Transparent or Non-Transparent Mode 
- Transparent mode OLE stuffing (Tx) 

and detection (Rx) 
-Automatic SYNC or OLE-SYNC Insertion 
-SYNC, OLE and OLE-SYNC stripping 
-Odd, Even, or No Parity 
-Local or remote maintenance loop back mode 

D Asynchronous Mode Capabilities 
-Selectable 5 to 8-Bit Characters plus parity 
-3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 
-Line Break Detection and Generation 
-1, 1112, or 2-Stop Bit Detection and Generation 
-False Start Bit Detection 
-Odd, Even, or No Parity 
-Parity; Overrun, and framing error detect 
-Local or remote maintenance loop back mode 
-Automatic serial echo mode (echoplex) 

D Baud Rates 
-DC to 1.0M Baud (Synchronous) 
-DC to 1.0M Baud (1X, Asynchronous) 
-DC to 62.5K Baud (16X, Asynchronous) 
-DC to 15.625K Baud (64X, Asynchronous) 

PIN CONFIGURATION 

02 2801 

03 2 2700 

RxO 3 26Vcc 

GNO 4 25 RxC/BKDET 

04 5 24DTR 

05 6 

D 
23RTS 

06 7 22DSR 

07 8 21 RESET 

TxC/XSYNC 9 C 20BRCLK 

A110 19Tx0 

CE11 18 TxEMT/DSCHG 

A012 17CTS 

R/W13 16DCD 

RxROY 14 15 TxROY 

Package: 28-pin 0.1.P. 

D Double Buffering of Data 
D RxC and TxC pins are short circuit protected 
D Internal or External Baud Rate Clock 
D 3 baud rate sets (2661-1, -2, -3) 
D 16 internal rates for each version 
D Single +5 volt Power Supply 
D TTL Compatible 
D No System Clock Required 
D Compatible with EPCI 2661 

GENERAL DESCRIPTION 

The COM 2661 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen differ'ent baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom
modate different baud rates and different starting 
frequencies. · 

The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com
munications. The USART is used as a peripheral 
and is programmed by the processor to com
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time: 

127 



DATA BUS 

00-07 

RESET 

AO 

A1 

R/W 

BRCLK 

) 

~ 

_,.; ....., 

...... 

~ DATA BUS 
BUFFER 

l 
OPERATION CONTROL K= MODE REGISTER 1 

MODE REGISTER 2 

COMMAND REGISTER 1---

STATUS REGISTER 

,----, 

ROM 1-1---1 
RE-PROGRAMMABLE 

BAUD RATE 
GENERATOR 

AND 
CLOCK CONTROL ~ 

~ 
SYN/OLE CONTROL 

SYN 1 REGISTER 

SYN 2 REGISTER 

OLE REGISTER 
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COM 2661 ORGANIZATION 

The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 
Operation Control 
This functional block stores configuration and opera
tion commands from the processor and generates appro
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 
Timing 
The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 
Receiver 
The Receiver accepts serial data on the RxD pin, con
verts this serial input to parallel format, checks for bits 
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or characters that are unique to the communication 
technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 
Transmitter 
The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech
nique) and outputs a composite serial stream of data on 
the TxD output pin. 
Modem Control 
The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2661 and a modem. 

SYN/OLE Control 
This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and OLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 
The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 



TABLE 3-PROCESSOR RELATED SIGNALS 

PIN NO. NAME SYMBOL FUNCTION 

1,2,5,6, Data D7-D0 Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
7,8,27,28 between the COM 2661 and a processor. D0 is the least significant bit; D7 is the most 

significant bit. 

10, 12 Address A1,A0 Input; Address lines used to select COM 2661 registers. 

11 Chip Enable CE Input; when this signal is low, the operation specified by the R/W, A 1 and A0 will be 
performed. When this input is high, D7-0 are in the high impedance state. 

13 Read/Write R/W Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0when the COM 2661 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 

14 Receiver Ready RxRDY Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (AHR) has a character ready for input 
to the processor. It goes high when the AHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 

15 Transmitter TxRDY Output; This signal is the complement of Status Register bit O (SRO). When low, it 
Ready indicates that the Transmit Data Holding Register (THR) is ready to accept a data 

character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be I 
used as an interrupt to the processor. 

18 Transmitter TxEMT/ Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
empty/data iJSCFRj indicates that the transmitter has completed serialization..Qf.!tle last character loaded 
set change by the processor, or that a change of state of the DSR or DCD inputs has occurred. 

This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 

21 Reset Reset Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 

26 Supply Voltage Vee +5 volts supply. 

4 Ground GND Ground. 

TABLE 4-DEVICE RELATED SIGNALS 

PIN NO. NAME SYMBOL FUNCTION 

3 Receive Date RxD Input; Serial data to the receiver. "Mark" is high "space" is low. 

9 Transmitter TxC/ Input or Output; If the external transmitter clock is programmed, this input controls 
Clock/External XSYNC the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
Sync rate as programmed by Mode Register 1. The transmitted data changes on the falling 

edge of the clock. If the internal transmitter clock is programmed, this pin can be a 
1X/16X clock output or an external jam synchronization input. 

16 Data Carrier DCD Input; This signal must be low in order foLl!J.g_receiver to function. The complement 
Detect appears in the Status Register bit 6 (SR6). DCD causes a low output on TxEMT /DSCHG 

when its state changes if CR2 or CAO= 1. If DCD goes high while receiving, the RxC 
is internally inhibited. 

17 Clear to Send CTS Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 

19 Transmit Data TxD Output; Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 

20 Baud Rate Clock BRCLK Input; Clock input to the internal baud rate generator (See Tables 2a, band c); not 
required if the external receiver and transmitter clocks are used. 

22 Data Set Ready DSR Input; This general purpose signal can be used for Data Set Read;t or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). r5SR causes a low 
output on TxEMT/DSCHG when its state changes if CR2or CR0=1. 

23 Request to Send ATS Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate Re~tto Send. lftheTransmitShiftRegisteris not 
empty when CR5 is reset (1 to 0), then ATS will go high on TxC time after the last serial 
bit is transmitted. 

24 Data Terminal DTR Output; This general purpose signal is the complement of the Command Register 
Ready bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 

25 Receive Clock/ 'RXC! Input or Output; If the external receiver clock is programmed, this input controls the 
Break Detect BKDET rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 

rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock or a 
break detect output. 
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Table 1 COM 2661 vs. COM 2651 

1. MR2Bit6,7 

2. DLE detect·SR3 

3. Reset of SR3, DLE 
detect 

4. Send DLE·CR3 

5. OLE stuffing in 
transparent mode 

6. SYNC1 stripping 
in double sync 
non-transparent 
mode 

7. Baud rate versions 

8. Terminate ASYNC 
transmission 
(drop RTS) 

9. Break detect 

10. Stop bit searched 

Control pin 9, 25 Not used 

SR3=0 for DLE·DLE, SR3= 1 for DLE·DLE, 
DLE·SYNC1 DLE·SYNC1 

Second character after Receiver disable. or 
OLE: or receiver CR4=1 
disable, or CR4=1 

One time command Reset via CA3 on next 
TxRDY 

Automatic OLE stuffing None 
when OLE 1s loaded 
exceptifCR3=1 

All SYNC1 First SYNC1 of pair 

Three One 

Reset CR5 in response to Reset CAO when TxEMT 
TxRDY changing from goes from 1to0. Then 
Oto 1 reset CRS when TxEMT 

goes from 0 to 1 

Pin25' FE and null character 

One Two 

11. External jam sync Pin9' No 

12. Data bus timing Improved over 2651 

13. Data bus drivers Sink 2.2mA 
Source 400µA 

NOTES 
1 lnternalBAGusedlorA11C 
2. lnternalBRGusedlorTxC 

Sink 1.6mA 
Source 100µA 

Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2661-1 (BRCLK=4.9152MHz) 

ACTUAL 
BAUD FREQUENCY PERCENT 

MR23·20 RATE 18XCLOCK ERROR DI:::~'!-
0000 50 0.6kHz -
0001 75 1.2 - 4096 
0010 110 1.7598 -0.01 2793 
0011 134.5 2.152 - 2284 
0100 150 2.4 - 2048 
0101 200 3.2 - 1536 
0110 300 4.8 - 1024 
0111 600 9.6 - 512 
1000 1050 16.8329 0.196 292 
1001 1200 19.2 - 256 
1010 1800 28.7438 -0.19 171 
1011 2000 31.9168 -0.26 154 
1100 2400 38.4 - 128 
1101 4800 76.8 - 64 
1110 9600 153.6 - 32 
1111 19200 307.2 - ·----~--

Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2661-2 (BRCLK=4.9152MHz) 

ACTUAL 
BAUD FREQUENCY PERCENT 

MR23·20 RATE 16X CLOCK ERROR 

0000 45.5 0.7279kHz 0.005 
0001 50 0 6 -
0010 75 1.2 -
0011 110 1.7598 -0.01 
0100 134.5 2.152 -
0101 150 2.4 -
0110 300 4.8 -
0111 600 9.6 -
1000 1200 192 -
1001 1800 28.7438 -0.19 
1010 2000 31.9168 -0.26 
1011 2400 38.4 -
1100 4800 76 8 -
1101 960C1 153.6 -
1110 19200 307.2 -

----~-1.1~~-~- 614.4 -

Table 2c BAUD RATE CHARACTERISTICS 
2~~:_3 (BRCLK=S 0688MHz) 

~-MR23· 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 -

NOTE 

ACTUAL 
BAUD FREQUENCY 
RATE 16X CLOCK 

50 0.8kHz 
75 1.2 
110 1.76 

134.5 2.1523 
150 2.4 
300 4.6 
600 9.6 
1200 19.2 
1800 28.8 
2000 32081 
2400 38.4 
3600 57.6 
4800 76.6 
7200 115.2 
9600 1536 

. __!_9_3()() __.L__ 316.8 

PERCENT 
ERROR 

-
-
-

0 016 
-
-
-
-
-

0.253 
::-
-
-
-
-

3.125 

DIVISOR 

6752 
6144 
4096 
2793 
2284 
2048 
1024 
512 
256 
171 
154 
128 
64 
32 
16 
8 

DIVISOR 

6336 
4224 
2880 
2355 
2112 
1056 
528 
264 
176 
158 
132 
88 
66 
44 
33 
16 

16Xclock.1susedinasynchronousmode lnsynchronousmode,c1ock.mult1pller1s1Xand 
BRGcanbeusedonlyforTxC 

COM 2661 OPERATION 
The functional operation of the COM 2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2661 Programming section of this data sheet. 
After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to. parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 
Receiver 
The COM 2661 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
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bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 
Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 
When the COM 2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a 0 to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1-



SYN2 will not achieve synchronization). When syn
chronization has been achieved, the COM 2661 con
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans
ferred to the Holding Register. Note that the SYN char
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 
External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 

Transmitter 
The COM 2661 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans
mission of the previous character. The TxRDY condi
tions are then asserted again. Thus, one full character 
time of buffering is provided. 
In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT /DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND OLE bit in the command register is 
true, the OLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 
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COM 2661 PROGRAMMING 
Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/OLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro
gram execution. A flow chart of the initialization process 
appears in Figure 1. 
The internal registers of the COM_g§_6Lare accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 
The SYN1, SYN2, and OLE registers are accessed by 
performing ~rite operations with the conditions A1 =O, 
A0=1, and R/W=l The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the OLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub
sequent operation addresses Mode Register 2. If more 

COM 2661 INITIALIZATION FLOW CHART 

INITIAL RESET 

---"---- NOTE Mode Register 1 must be written 
before 2 can be written. Mode Register 2 

'--------' need not be programmed if external 
clocks are used. 

NOTE 
SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 

N 

r-----1 ___ ,,,__ __ 

I 
I 

Figure 1 



than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 

The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2661, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 

CE A1 AO R/W FUNCTION 

1 x x x Tri-state data bus 
0 0 0 0 Read receive holding register 
0 0 0 1 Write transmit holding register 
0 0 1 0 Read status register 
0 0 1 1 Write SYN1/SYN2/DLE registers 
0 1 0 0 Read mode registers 1 and 2 
0 1 0 1 Write mode registers 1 and 2 
0 1 1 0 Read command register 
0 1 1 1 Write command register 

NOTE 
See AC Characteristics section for timing requirements. 

Table 5-COM 2661 REGISTER ADDRESSING 

MODE REGISTER 1 (MR1) 
Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 

MR17 MR16 MR15 MR14 

In asynchronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro
grammed, 1.5, stop bits defaults to 1 stop bits on trans
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17= 1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a OLE character in the transmit holding 
register will cause a second OLE character to be trans
mitted. This OLE stuffing eliminates the software OLE 
compare and stuff on each transparent mode data char
acter. If the send OLE command (CR3) is active when a 
OLE is loaded into THR, only one additional OLE will be 
transmitted. Also OLE stripping and OLE Detect (with 
MR14=0) are enabled. 

MR13 T MR12 MR11 l MR10 

Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor 

ASYNCH: STOP BIT LENGTH 
OO=INVALID O=ODD O=DISABLED 00=5 BITS OO=SYNCHRONOUS 1X RATE 
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE 
10=1'12 STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE 
11=2 STOP BITS 11=8BITS 11 =ASYNCHf10NOUS 64X RATE 

SYNCH: NUMBER SYNCH: TRANS-
OF SYN CHAR PARENCY CONTROL 

O=DOUBLE SYN O=NORMAL 
1=SINGLE SYN 1 =TRANSPARENT 

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (M R11, MR10) in any case. TABLE 6-MODE REGISTER 1 (MR1) 

MODE REGISTER 2 (MR2) 

Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BAG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 

MR-27-MR24 

TxC RxC Pin 9 Pin 25 TxC 

0000 E E TxC RxC 1000 E 
0001 E I TxC 1X 1001 E 
0010 I E 1X RxC 1010 I 
0011 I I 1X 1X 1011 I 
0100 E E TxC RxC 1100 E 
0101 E I TxC 16X 1101 E 
0110 I E 16X RxC 1110 I 
0111 I I 16X 16X 1111 I 

NOTES 

RxC 

E 
I 
E 
I 
E 
I 

E 
I 

COM 2651. MR23-20 are don't cares if external clocks 
are selected (MR25-2.4=0). The individual rates are 
given in table 2a, b and c. 
MR24-MR27 select the receive and transmit clock source 
(either the BAG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 

MR23-MR20 

Pin 9 Pin 25 Mode Baud Rate Selection 

XSYNC 1 RxC/TxC sync 
TxC BKDET async 

XSYNC' RxC sync 
1X BKDET async See baud rates in table 2 

XSYNC' RxC/TxC sync 
TxC BKDET async 

XSYNC' RxC sync 
16X BKDET async 

1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 
E= External clock I~ Internal clock (BAG) 
1X and 16X are clock outputs 

TABLE 7-MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 
_. Table 8 illustrates the Command Register. Bits CRO (TxEN) 

and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A O to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat
ing operation. The TxD output will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi
nate operation immediately. Any character being assem
bled will be ~lected. Bits CR1 (DTR) and CR5 (RTS) 
control the DTR and RTS outputs. Data at the outputs 
are the logical complement of the register data. 
In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn
chronous mode, setting CR3 causes the transmission 
of the OLE register contents prior to sending the char
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all OLE- non-OLE char
acter sequences. 
Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RTS) is set, the RTS pin is forced low and the trans
mit serial logic is enabled. A 1 to O transition of CR5 will 
cause RTS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 

The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR? and 
CR6. CR7-CR6=00 is the normal mode, with the trans
mitter and receiver operating independently in accor
dance with the Mode and Status Register instructions. 
In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 
1. Data assembled by the receiver are automatically 

CR7 l CR6 CR5 CR4 

Operating Mode Request to 
Reset Error Send 

00 =NORMAL OPERATION 0 FORCE RTS O=NORMAL 
01 =ASYNCH: AUTOMATIC OUTPUT HIGH 1 =RESET 

ECHO MODE ONE CLOCK ERROR FLAG 
SYNCH: SYN AND/OR TIME AFTER IN STATUS 

TxSR SERIAL-OLE STRIPPING MODE 
IZATION 

(FE, OE, 
10=LOCAL LOOP BACK PE/OLE DETECT) 1 FORCE RTS· 
11 =REMOTE LOOP BACK OUTPUT LOW 

placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. TxRDY output=l 
4. The TxEMT/DSCHG pin will reflect only the data set 

change condition. 
5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic SYN/OLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 
1. In the non-transparent, single SYN mode (MR17-

MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching OLE, or SYN1 if immediately 
preceded by OLE, are not transferred to the RHR. 
However, only the first OLE of a OLE-OLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the OLE Detect and SYN Detect status bits 
(SR3 and SR5). 
Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6= 10), the following 
loops are connected internally: 
1. The transmitter output is connected to the receiver 
~t. -- --

2. DTR is connected to DCD and RTS is connected to 
crs: 

3. The receiver is clocked by the transmit clock. 
4. The DTR, RTS and TxD outputs are held high. 
5. The CTS, DCD, DSR and RxD inputs are ignored. 
Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2661. 

The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 
3. No data are sent to the local processor, but the error 

status conditions (PE, OE, FE) are set. 
4. The RxRDY, TxRDY, and TxEMT /DSCHG outputs are 

held high. 
5. CR1 (TxEN) is ignored. 
6. All other signals operate normally. 

CR3 CR2 CR1 CAO 

Sync/Async 
Receive Data Terminal Transmit 

Control (RxEN) Ready Control (TxEN) 

ASYNCH: 
FORCE BREAK 

O=NORMAL O=DISABLE O=FORCE DTR O=DISABLE 

1 =FORCE 1 =ENABLE OUTPUT HIGH 1 =ENABLE 

BREAK 1 =FORCE DTR 

SYNCH: 
OUTPUT LOW 

SEND OLE 

O=NORMAL 
1 =SEND OLE 

TABLE 8-COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 

The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 
SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans
mitter is enabled. If equal. to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote LOOP. Back modes are 
programmed. When this bit is set, the iXFITW output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set1it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT /DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CR0=1) or that the Transmit Shift Register has com
pleted transmission of a character and no new character 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate "fill" character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSC HG condition is enabled 
when TxEN = 1 or Rx EN= 1. It is cleared when the status 

SR7 SR6 SRS SR4 

Data Set Data Carrier FE/SYN Detect Overrun Ready Detect 

O=DSR INPUT O=DCD INPUT ASYNCH: O=NORMAL 
ISHIGH ISHIGH 1=0VERRUN O=NORMAL 

1 = i5SR INPUT 1=DCD INPUT 1=FRAMING ERROR 
ISLOW ISLOW ERROR 

SYNCH: 

O=NORMAL 
1=SYNCHAR 

DETECTED 

register is read by the processor. If the status register is 
read twice and SR2=1 while SR6 and SR? remain 
unchanged, then a TxEMT condition exists. When SR2 is 
set, the TxEMT /DSC HG output is low. 
SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16= 1), with parity disabled, it indicates that 
a character matching the OLE Register has been received, 
and the present character is neither SYN1 nor OLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 
The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 
In asynchronous mode, bit SR5 signifies that the re
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
O's when SR5=1, a break condition is present. In syn
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16= 1), this bit is set upon detec
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn
chronous mode. 
SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 

SR3 SR2 SR1 SRO 

PE/OLE Detect TxEMT/DSCHG RxRDY TxRDY 

O=NORMAL O=RECEIVE O=TRANSMIT 
ASYNCH: 1=CHANGE HOLDING REG HOLDING 
O=NORMAL INDSROR EMPTY REG BUSY 
1=PARITY DCD,OR 1 =RECEIVE 1=TRANSMIT 

ERROR TRANSMIT HOLDING REG HOLDING 

SYNCH: SHIFT REGIS- HAS DATA REG EMPTY 

O=NORMAL 
TEA IS 
EMPTY 

1=PARITY 
ERROR 
OR 

DLECHAR 
RECEIVED 

TABLE 9-STATUS REGISTER (SR) 
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TIMING DIAGRAMS 

TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

DATA 3 

~D_..A

1
1 1 2 1 3 1 • 1 s IB 

TxD I DATA 1 

c A I' I 2 I 3 I 4 i 5 I B I DATA3 I 

C1-D~A~ 

TxEN 

TxRDY 

TxEMT 

CEFDRW 
WRITE 

OFTHR 
DATA 1 

NOTES 

A =Start bit 
B =Stop bit 1 
C =Stop bit 2 

I 
I 
I 
I 

f \U) / 
DATA2 

0 ::::: TxD marking condition 

I I 

I I I 
I I 

f1 
I 

µ 
lY 

DATA3 

TxEMT goes low 1t the beginning of the last data bit. or, if parity is enabled. at the beginning of the parity bit. 

~ 
I 

DATA4 

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

Rx EN 

SYNDET 
STATUS BIT 
~~~~~~~~-' 

D 

READ 
STATUS 

READ 
STATUS 

READ 
AHR 

(DATA1) 

READ 
AHR 

(DATA2) 

READ 
AHR 

(DATA3) 

~A I' I 2 I 3 1 •I 51 BI c A I' I 2 13 I 4 I 51BIc1-1D1- A I 'I 21 3 I 4 I 51 BI 

RxD ---, DATA 1 
1 
I DATA 2 

1 
I DATA 3 

Rx EN 

CE FOR 
READ 

NOTES 

A =Startbit 
B =Stop bit 1 
C=Stopbit2 
D = TxO marking condition 

I : 
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AHR 

(DATA3) 

READ 
AHR 
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TxC 
(INPUT) 

TxD 

TxC 
(OUTPUT) 

AoA1 

Do·D7 
(WRITE) 

Do·D7 

TIMING DIAGRAMS (Cont'd) 

RESET CLOCK 

TRANSMIT 

1 BIT TIME 
--- (1, 16, OR 64 CLOCK PERIODS) -f 

READ AND WRITE 

BRCLK, TXC, ~ 

RECEIVE 

EXTERNAL SYNCHRONIZATION WITH XSYNC 

1X RxC ~ 
t •• ..i ~ I t •• - XSYNC SETUP TIME-300ns 

__J I tH - XSYNC HOLD TIME - ONE RxC 

XSYNC I '---------
~ tH ,.._ 

RxD 

Rxc-: 16 
or 64 

RxD 

v 
CHARACTER ASSEMBLY 

BREAK DETECTION TIMING 

Rx CHARACTER~ 5 BITS, NO PARITY 

(READ) -----1-· .__ MISSING STOP BIT 
DETECTED 
SET FE BIT* 
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NOTE 
•11 the slop bit is present. the start bit 
search will commence immediately. 

MISSING STOP BIT DETECTED, 
SET FE BIT. 
0 • RHR, ACTIVATE RxRDY. 
SET BKDET PIN. 
RxD INPUT • RxSR UNTIL A MARK 
TO SPACE TRANSITION OCCURS. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0° C to + 70° C 
Storage Temperature Range .................................................................. -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) .................................................................. +325°C 
Positive Voltage on any Pin, with respect to ground ....................................................... +18.0V 
Negative Voltage on any Pin, with respect to ground ....................................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA=0° C to+ 70° C, Vcc=5.0V ±5% 

PARAMETER MIN TYP 
Input voltage 

V1L Low 
V1H High 2.0 

Output voltage 
VOL Low 
VoH High 2.4 

l1L Input leakage current 

Output leakage current 
ILH Data bus high 
ILL Data bus low 

Ice Power supply current 

Capacitance 
C1N Input 
Cour Output 
C10 Input/Output 

AC ELECTRICAL CHARACTERISTICS TA=0°Cto+70°C, Vcc=5.0V±5% 

PARAMETER MIN TYP 
Pulse width 

tRES Reset 1000 
tcE Chip enable 250 

Setup and hold time 
tAS Address setup 10 
tAH Address hold 10 
tcs B/W control setup 10 
tcH R/W control hold 10 
tos Data setup for write 150 
toH Data hold for write 0 
tRXS Rx data setup 300 
tRXH Rx data hold 350 

too Data delay time for read 
toF Data bus floating time 

for read 
tcED CE to CE delay 600 

Input clock frequency 
fsRG Baud rate generator 1.0 4.9152 

(2661-1, -2) 
fsRG Baud rate generator 1.0 5.0688 

__g661~ 
fR T1 TxCorRxC de 

Clock width 
tsRH Baud rate high 75 

(2661-1, -2) 
tsRH Baud rate high 70 

(2661-3) 
tsRL Baud rate low 75 

(2661-1, -2) 
tsRL Baud rate low 70 

_(2661-3) 
tR TH1 TxC or RxC high 480 
tR TL TxC or RxC low 480 

hxo TxD delay from falling 
edge of TxC 

hes Skew between TxD 
changin_!l.filld falling 
edge of TxC output 0 

NOTE: 
1. IA T and IA TL shown all modes except Local Loop back. For Local Loopback mode 

IA T=0.7MHz and IA TL= 700ns min. 
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MAX 

0.8 

0.4 

10 

10 
10 

150 

20 
20 
20 

MAX 

200 

100 

4.9202 

5.0738 

1.0 

650 

UNIT TEST CONDITIONS 

v 

v loL=2.2mA 
loH=-400µA 

µA V1N=O to 5.5V 

µA Vo=4.0V 
µA Vo=0.45V 

mA 

pF fc=1MHz 
pF Unmeasured pins tied 
pF to ground 

UNIT TEST CONDITIONS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns CL=150pF 

ns CL=150pF 
ns 

MHz 

MHz 

MHz 

ns fsRG=4.915MHz; measured 
atV1H 

ns fsRG=5.0688MHz; measured 
atV1H 

ns fsRG=4.915MHz; measured 
atV1L 

ns fsRG=5.0688MHz; measured 
atV1L 

ns 
ns 

ns CL=150pF 

ns CL=150pF 
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COM 2661 

TYPICAL APPLICATIONS 

ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

r------, 
RxD14-----t EIATOTTL r•4--ZQJ)-r:O _____ _ 
TxD t----~ c~~~w I 

L------J 

5.0SHMHz 
OSCILLATOR BRCLK14--~ 

ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

ASYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

CRT 
TERMINAL 

TELEPHONE 
LINE 

SYNCHRONOUS INTERFACE 
TO TERMINAL OR 

PERIPHERAL DEVICE 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 

SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

t 
TELEPHONE 

LINE 

STANDARD MICROSYSTEMS 
CORPORATION1 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

35Marcus8tvd,HauppaUQeNY117B8 
15161273-3100 TWX-510-217-8898 

we keep atieaa Of our~ so you C31 keep Rad of YDIJ'S. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

COM5025 
JLPCFAMILY 

Multi-Protocol 
Universal Synchronous Receiver/Transmotterr 

USYNR/T 

FEATURES PIN CONFIGURATION 

D Selectable Protocol-Bit or Byte oriented 
D Direct TTL Compatibility 
D Three-state Input/Output BUS 
D Processor Compatible-8 or 16 bit 
D High Speed Operation-1.5 M Baud-typical 
D Fully Double Buffered-Data, Status, and Control Registers 
D Full or Half Duplex Operation-independent Transmitter and 

Receiver Clocks 
-individually selectable data 

length for Receiver and 
Transmitter 

D Master Reset-resets all Data, Status, and Control Registers 
D Maintenance Select-built-in self checking 

RSI 

SFR 

RXACT 

RDA 

RSA 

RXENA 

GND 

D81'J8 

D81'J9 

0811') 

0811 

0812 

0813 

0814 

0815 

WR 

A2 

A1 

MSEL 

TCP 

3 38 TSO 

4 TX ENA 

5 TSA 

6 35 TBMT 

7 34 TXACT 

8 33 MR 

~o:. 
Vee 

081'Jfl 

11 30 D8i'1 

12 29 0802 

13 28 081)3 

14 27 08~4 

15 08~5 

16 25 081'!6 

17 24 08~7 

18 23 OPE NA 

19 22 8YTEOP 

20 21 Af,l 

PACKAGE: 40-Pin D.l.P. 

BIT ORIENTED PROTOCOLS---SDLC, HDLC, ADCCP 
D Automatic bit stuffing and stripping 
D Automatic frame character detection and generation 
o Valid message protection-a valid received message is 

protected from overrun 
D Residue Handling-for messages which terminate with a 

partial data byte, the number of valid 
data bits is available 

SELECTABLE OPTIONS: 
o Variable Length Data-1to8 bit bytes 
D Error Checking-CRC (CRC16, CCITT-0, or CCITT-1) 

-None 
D Primary or Secondary Station Address Mode 
D All Parties Address-APA 
D Extendable Address Field-to any number of bytes 
D Extendable Control Field-to 2 bytes 
D Idle Mode-idle FLAG characters or MARK the line 
D Point to Point, Multi-drop, or Loop Configuration 

BYTE ORIENTED PROTOCOLS---BISync, DDCMP 
D Automatic detection and generation of SYNC characters 

SELECTABLE OPTIONS: 
D Variable Length Data-1 to 8 bit bytes 
D Variable SYNC character-5, 6, 7, or 8 bits 
D Error Checking-CRC (CRC16, CCITT-0, or CCITT-1) 

-VRC (odd/even parity) 
-None 

D Strip Sync-deletion of leading SYNC characters after 
synchronization 

D Idle Mode-idle SYNC characters or MARK the line 

APPLICATIONS 

D Intelligent Terminals 
D Line Controllers 
D Network Processors 
D Front End Communications 

D Remote Data Concentractors 
D Communication Test Equipment 
D Computer to Computer Links 
D Hard Disk Data Handler 
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General Description 

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as Bl SYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 

The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control signals from the device and data to be 
transmitted in accord with RS334. 

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 

References: 

1. ANSI-American National Standards Institute 
X353, XS34/589 
202-466-2299 

2. CCITT-Consultative Committee for International 
Telephone and Telegraph 
X.25 
202-632-1007 

3. EIA-Electronic Industries Association 
TR30, RS334 
202-659-2200 

4. IBM 
General Information Brochure, GA27-3093 
Loop Interface-OEM Information, GA27-3098 
System Journal-Vol. 15, No. 1, 1976; G321-0044 

Terminology 
Term Definition Term Definition 

BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followedby7-1's) 

CCP Control Character Protocols: BiSync, DDCMP LSB First transmitted bit, First received bit 

TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit 

ROB Receiver Data Buffer ADP Receiver Data Path 

TDSR Transmitter Data Shift Register TOP Transmitter Data Path 

FLAG 01111110 LM Loop Mode 

ABORT 11111111 (7 or more contiguous 1 's) 
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RCP 

RX ENA 

RXACT 

RDA 

RSA 

BLOCK DIAGRAM 

MASTER 
RESET 

1 
~>----------------------,:I 1= TXENA i

TCP 

~= L """G •co'"°' : : ; :~~ 
TX SERIAL DATA OUT 

TX PARITY GEN 

SFR U-O---t---------1 

RSI 

MAINT 
SEL 

DB15 DB14 DB13 DB12 DB11 DB1i DBi!'9 DB~B Ao Ai A, WR DPENA BYTEOP 

TXCRCGEN 

TX DATA REG 
TX DATA 
SELECT 

STUFF ZERO 
LOGIC 

DBg7 DB~6 D895 DBJl'4 DB~3 DBil'2 DSV1 DB-1 

1.~·j 

TSO 



Description of Pin Functions 
Pin No. Symbol Name 1/0 Function 

1 Voo Power Supply PS + 12 volt Power Supply. 

2 RCP Receiver Clock I The positive-going edge of this clock shifts data into the receiver shift register. 

3 RSI Receiver Serial Input I This input accepts the serial bit input stream. 
4 SFR Sync/Flag 0 This output is set high, for 1 clock time of the 

Received RCP, each time a sync or flag character is received. 
5 RXACT Receiver Active 0 This output is asserted when the ADP presents the first data character of the 

message to the controller. In the BOP mode the first data character is the first 
non-flag character (address byte). In the CCP mode: 1. if strip-sync is set; the 
first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 
mode the trailing (next) FLAG resets RXACT. In the CCP mode RXACT 
is never reset, it can be cleared via RX ENA. 

6 RDA Receiver Data 0 This output is set high when the ADP has assembled an entire character and 
Available transferred it into the/ROB. This output is reset by reading the ROB. 

7 RSA Receiver Status 0 This output is set high: 1. CCP-in the event of receiver over run (ROA) 
Available or parity error (if selected), 2. BOP-in the event of ROA, CRC error (if selected) 

receiving REOM or RAB/GA. This output is reset by reading the 
receiver status register or dropping of RX ENA. 

8 RX ENA Receiver Enable A high level input allows the processing of RSI data. A low 
level disables the ADP and resets RDA, RSA and RXACT. 

9 GND Ground GND Ground 
10 DBi8 Data Bus 1/0 Bidirectional Data Bus. 
11 DBICJ9 Data Bus 1/0 Bidirectional Data Bus. 
12 DB1i Data Bus 1/0 Bidirectional Data Bus. 
13 DB11 Data Bus 1/0 Bidirectional Data Bus. Wire "OR" with DB00-DB07 
14 DB12 Data Bus 1/0 Bidirectional Data Bus. For 8 bit data bus 

15 DB13 Data Bus 1/0 Bidirectional Data Bus. 
16 DB14 Data Bus 1/0 Bidirectional Data Bus. 
17 DB15 Data Bus 1/0 Bidirectional Data Bus. 
18 W/R Write/Read Controls direction of data port. W/R=1, Write. W/R=O, Read. 
19 A2 Address2 Address input-MSB. 
20 A1 Address 1 Address input. 
21 Ai AddressO Address input-LSB. 
22 BYTE OP Byte Operation If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP=O, data port is 16 bits wide. 
23 DP ENA Data Port Enable Strobe for data port. After address, byte op, W/R and data are set-up DPENA 

may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. If writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 

24 DB.07 Data Bus 1/0 Bidirectional Data Bus-MSB. 
25 DB.06 Data Bus 1/0 Bidirectional Data Bus. 
26 DBl15 Data Bus 110 Bidirectional Data Bus. 
27 DB'14 Data Bus 1/0 Bidirectional Data Bus. 
28 DB,03 Data Bus 110 Bidirectional Data Bus. 
29 DB~2 Data Bus 110 Bidirectional Data Bus. 
30 DB.01 Data Bus 1/0 Bidirectional Data Bus. 
31 DB.0.0 Data Bus 110 Bidirectional Data Bus-LSB. 
32 Vee Power Supply PS + 5 volt Power Supply. 
33 MR Master Reset This input should be pulsed high after power turn on. This will: clear all flags, and 

status conditions, set TBMT = 1, TSO= 1 and place the device in the primary 
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1 's. 

34 TXACT Transmitter Active 0 This output indicates the status of the TOP. TXACTwill go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 

35 TBMT Transmitter Buffer 0 This output is at a high level when the TDB 
Empty or the TX Status and Control Register may be loaded with 

the new data. TBMT =0 on any write access to TDB or TX Status and 
Control Register. TBMT returns high when the TDSR is loaded. 

36 TSA Transmitter Status 0 TERR bit, indicating transmitter underflow. 
Available Reset by MR or assertion of TSOM. 

37 TX ENA Transmitter Enable A high level input allows the processing of transmitter 
data. 

38 TSO Transmitter Serial 0 This output is the transmitted character. 
Output 

39 TCP Transmitter Clock The positive going edge of this clock shifts data out of the 
transmitter shift register. 

40 MSEL Maintenance Internally RSI becomes TSO and RCP becomes TCP. 
Select Externally RSI is disabled and TSO= 1. 
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Data Bu 

DB~B 

DB09 

DB10 

DB11 

DB12-14 

DB15 

DBS 

DB9 

DB10 

DB11 

DB15 

DBB-10 

DB11 

DB12 

DB13 

DB14 
DB15 

DB13-15 

DBB-1~ 

DB11 

DB12 

Term 

RSOM 

REOM 

RAB/GA 

ROA 

A,B,C 

ERRCHK 

TSOM 

TEOM 

TXAB 

TXGA 

TERR 

X.Y.Z 

Definition 

Definition of Terms 
Register Bit Assignment Chart 1 and 2 

Receiver Start of Message-read only bit. In BOP mode only, goes high when first non-flag (address byte) 
character loaded into ROB. It is cleared when the second byte is loaded into the ROB. 
Receiver End of Message-read only bit. In BOP mode only, set high when last byte of data loaded into ROB, or 
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RX ENA. 
Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=O this bit is set on receiving an 
ABORT character; if LM= 1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 
Receiver Status Register or dropping of RXENA. 
Receiver Over Run-read only bit. Set high when received data transferred into ROB and previous data has not 
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RX ENA. 
Assembled Bit Count-read only bits. In BOP mode only, examine when REOM= 1. ABC= 0, message terminated 
on stated boundary. ABC:XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 
= number of valid bits available in ROB (right hand justified). 
Error Check-read only bit. In BOP set high if CRC selected and received in error, examine when REOM= 1. In 
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 
CHK = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the 
message. 

Transmitter Start of Message-W/R bit. Provided TXENA= 1, TSOM initiates start of message. In BOP, TSOM= 1 
generates FLAG and continues to send FLAG's until TSOM=O, then begin data. In CCP: 1. IDLE=O, transmit out of 
SYNC register, continue until TSOM=O, then begin data. 2. IDLE= 1 transmit out of TDB. In BOP mode there is also 
a Special Space Sequence of 16-0's initiated by TSOM= 1 and TEOM= 1. SSS is followed by FLAG. 
Transmit End of Message-W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then 
FLAG; ifTXENA=1 and TEOM=1 continue to send FLAG's, ifTXENA=O and TEOM=1 MARK line. In CCP: 1. 
IDLE=O, TEOM= 1 send SYNC, if TXENA= 1 and TEOM= 1 continue to send SYNC's, if TXENA=O and TEOM= 1 
MARK line. 2. IDLE= 1, TEOM= 1, MARK line. 
Transmitter Abort-W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=O, transmit ABORT 
2. IDLE= 1, transmit FLAG. 
Transmit Go Ahead-W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 
Allows loop termination-GA character. 
Transmitter Error-read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. IDLE=O, ABORT 2. IDLE= 1, FLAG. In CCP automatically transmit: 
1. IDLE=O, SYNC 2. IDLE= 1, MARK. Cleared by TSOM. 
Z Y X -W/R bits. These are the error control bits. 
0 0 0 xis+ xi2+ xs+ 1 CCITT-lnitializeto "1" 
0 0 1 xis+ xi 2+ X5+ 1 CCITT-lnitializeto"O" 
0 1 0 N~u~d 
0 1 1 xis+ xis+ x2+ 1-CRC16 
1 0 0 Odd Parity-CCP Only 
1 O 1 Even Parity-CCP Only 
1 1 O Not Used 
1 1 1 Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 

IDLE IDLE mode select-W/R bit. Affects transmitter only. In BOP-control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP-controls the method of initial SYNC character transmission and 
underflow, "1" =transmit SYNC from TDB, "O"=transmit SYNC from SYNC/ADDRESS register. 

SEC ADD Secondary Address Mode-W/R bit. In BOP mode only-after FLAG looks for address match prior to activating 
ADP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD= 1 or EXCON= 1. 

STRIP SYNC/LOOP Strip Sync or Loop Mode-W/R bit. Effects receiver only. In BOP mode-allows recognition of a GA character. In 
CCP-after second SYNC, strip SYNC; when first data character detected, set RXACT = 1, stop stripping. 

PROTOCOL PROTOCOL-W/R bit. BOP=O, CCP= 1 
*APA All Parties Address-W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will 

activate the ADP. 

TXDL Transmitter Data Length-W/R bits. 
TXDL3 TXDL2 TXDL 1 LENGTH 

0 O 0 Eight bits per character 
1 1 1 Seven bits per character 
1 1 O Six bits per character 
1 O 1 Five bits per character 
1 O 0 Four bits per character• 
0 1 1 Three bits per character• 
0 1 0 Two bits per character• 
O 0 1 One bit per character• 

•For data length only, not to be used for SYNC character (CCP mode). 
RXDL Receiver Data Length-W/R bits. 

RXDL3 RXDL2 RXDL 1 LENGTH 
0 O 0 Eight bits per character 
1 1 1 Seven bits per character 
1 1 O Six bits per character 
1 0 1 Five bits per character 
1 O O Four bits per character 
O 1 1 Three bits per character 
O 1 0 Two bits per character 
O O 1 One bit per character 

EXCON Extended Control Field-W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD = 1. 

EXADD Extended Address Field-W/R bit. In receiver only; LSB of address byte tested for a" 1 ". If NO-continue receiving 
address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD = 1. 

*Note: Product manufactured before 1079 may not have this feature. 
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Register Bit Assignment Chart 1 
REGISTER DP87 DPS6 DPdS DPB4 DP93 DPB2 DPB1 DP'1'1 

Receiver Data RD? RD6 RD5 RD4 RD3 RD2 RD1 RD0 
Buffer 

(Read Only- MSB LSB 
Right Justified-
Unused Bits= 0) 

Transmitter Data TD? TD6 TD5 TD4 TD3 TD2 TD1 TD~ 
Register 

(Read/Write- MSB LSB 
Unused lnputs=X)' 

Sync/Secondary SSA? SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSA,0 
Address 

MSB LSB (Read/Write-
Right Justified-
Unused lnputs=X) 

Register Bit Assignment Chart 2 
REGISTER DP15 DP14 DP13 DP12 DP11 DP1e' DPjJ9 DPdB 

Receiver Status ERRCHK c B A ROR RAB/GA REOM RSOM 
(Read Only) 

TX Status TERR 0 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 

Mode Control *APA PROTOCOL STRIP SEC ADD IDLE z y x 
(Read/Write) SYNC/ 

LOOP 

Data Length TXDL3 TXDL2 TXDL1 EXADD EX CON RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 

•Note: Product manufactured before 1079 may not have this feature. 

Register Address Selection 
1) BYTE OP = 0, data port 16 bits wide 

A2 A1 ~ Register 
Receiver Status Register and Receiver Data Buffer 0 

0 
0 
1 
0 

x 
x 
x 
x 

Transmitter Status and Control Register and Transmitter Data Buffer 
Mode Control Register and SYNC/Address Register 

X =don't care 

2) BYTE OP = 1, data port 8 bits wide 

A2 M A~ 

0 
0 
0 
0 

0 
0 

1 
0 
0 

0 
1 
0 
1 
0 
1 
0 

Data Length Select Register 

Register 
Receiver Data Buffer 

Receiver Status Register 

Transmitter Data Buffer 

Transmitter Status and Control Register 

SYNC/Address Register 
Mode Control Register 

Data Length Select Register 
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BOP TRANSMITTER OPERATION 

(PROCESSOR LOAD OR MASTER RESET) 

SEND 
ABORT 

CHARACTER 

SEND 
GO AHEAD 

SEND 
CRC 

SEND 
FLAG 

145 

TRANSMIT 
SYNC 

CCP TRANSMITTER OPERATION 

INITIALIZE 

TRANSMIT 
SYNC FROM 
SYNC REG 

(PROTOCOL= 1; XYZ = CRC 16) 

A 

SEND SYNC 
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CCP RECEIVER TIMING 

RCP ___f1__fl__f11_IU1__14J u-u- ~ ~ J~ J~f ~I '1-
MR _fl_ 

W/R:l W/R=O W/R=O W/R=O W/R=O 

DPENA _JETE 
1 SUEAD TX mEAD ATA 1 JlJtEAD 

I READ 

I 
ETX -L 

I 
I I 
I I 
I I 

ETX =r I - =i== =i== CRC 

-

(not clock edge related) 

RX ENA ____s-
SL_ __IL_ 

~DATA 1 _ ___....___ 

~SYNC •I .. SYNC~ 

--1c1 l~ 

SFR ~ 

RSI 

RDA L_ ______JL _JL_ _fl_ SL 
I 

RSA L_ j;cill2 I 

RXACT L_ 
ROR 

I L 
I 

_J 

-- I NOTE3 _JNOTE2 ~ 
ERR CHK 

NOTE 1-Mode set for CCP with CRC selected 
NOTE 2-lf overrun had occured-noREAO STX 
NOTE 3-ERR CHK must be sampled before next byte or before RXENA brought low 

CCP TRANSMITTER OPERATION 

~ I TCP ~ ~ ~ 
MR 

TX ENA 

ll___ I 

__ __,,--- I 
I 
I 

I 
I 
I 
I 
I 

I I 

---

'Lr i__y' ~ 

NOTE 1 I I LOAD LOAD LOAD 
MODE SYNC TSOM=l I TSOM=.1 I TSOM=O STX DATA 1 ETX TEOM=l 

DPENA I I NOTE 2~ 
(not clock edge related) I FIRST SYNC I SECOND SYNC I 

I; SENT I; SENT I 

TBMT ~ 1 n r-1 ry /__r/ 

TXACT 

TSO ~ ~ 
I 

~SYNC SYNC----~ 

NOTE 1-Mode is CCP with CRC selected 
NOTE 2-Traihng edge of DPENA must occur at least one-half 

clock pulse prior to TBMT=l to avoid underrun 

DATA 

~~ 

' 
ETX CRC __J MARK 
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BOP RECEIVER TIMING 

RCP _f1_fl__JL~ uu~u~ LJ#l_J# u~ uu#L*' 1-,?'LJ#Ul._Sl__f 
~ JL 

W/R• 1 

~~ 
no1.-... -

RXENA___s-

SFA ~ 

RSI 

.........,..,.."TTTTTT77'.ll- - FLAG ••• 

WBa I 
ROA ~ 

ASA ~ 

RXACT ~~----
ASOM 

AEOM 

EAA,CHK, ABC, 
ROA, AAlllGA 

NOTE 1-11 required-Dul nalcloMin ... oumple 
NOTE 2-11 no DP£NA 10 - Oala 9y1e • 2 

_JL_ 
FLAG .l IConlrol l r;:: B~ ~ ~ l=u 

W/R•O W/R•O W/R•O W/R•O W/R=O W/R•O W/R•O W/R•O 
-. 8yle ANd Slalus Conlrol llyle Dela 8yle tll Data 9y1e t12 Dela 9y1e t13 Oa1a 9y1e t14 ANc1 S1a1uo 

-R- _fl_ _lL _JL _J1_ _lL ~ 
I I 
I I 

1=:#3 1=#4 
~ -GL 

E E L"""T"FlAG ~ 

;--L 

sL _JI_ _n_ Jl IL _IL 

_J 
_Jl_ 

_J;,m 

__ f..Onz 

_r-i_ 
L_ 

~ 
r-----, 
I I 

___ j '----

BOP TRANSMITTER OPERATION 

TCP ~ _n_ru'tSl__(" _fl_J#lSlJL. JLS //ULI1_ JUl.S1_ 
I I I/ I // // 
I 1 I 

MR _.11__... ' . I 

Tl<ENA _s-··· 
I l.o-1 ; l.o-1 l.o-1 

TSOM= 1 ; 1 TSOM=O Address 1 Conlrol Data length 

DPENA ~No1e1-j fl _Jl_ 
nol clock edge relaled : j I 

I I I 
I I 1 

TBMT~ 
1 
I 

TXACT~ , ••. 

I-FLAG··· 
TSO~ 

Nace 1-Trailing edge of DPENA must occur at least one-lid clock 
pulse prior to TBMT s 1. To avcid undenun. 

___JL__,,,r-

LI* 
DataByte 

_fl_ 

L 

···~ 

TEOM=1 

_JL 

J -- L J 

~ 
~G···· ... ----1 MARK 

I Lui Data Byte ~~ ~ 

-



AC TIMING DIAGRAMS 

TCP[_ 

~ 
TBMT ___j1 

DP ENA I 
W/R=1 
to Transmitter ._ __ _ 

Registers ~ 

~s 
TBMT L_ 

TCP I 
----'150ns 

TSO =I= 
1.aoo"'-1r 

TXACT I 

RCP\ ._ ---

1~0~1s 

RXACT =r 
~nT-

RDA,RSA ~ 

DPENA 
W/R=O 
to Receiver 
Registers 

\ 
l;oo "~I 

RDA.RSA~ 

-=u-=300 ns, min 

Resets: ADP-RDA, RSA, 
RXACT, receiver 
into search 
mode (for FLAG) 

Note: Unless otherwise specified all times are maximum. 

Data Port Timing 

~~~~~WA-OJ/ #aJ.~-r .. --TwDP•··--r."_•)011/ /ffi 
·- ., .. __ .,.. -· 

OPEN A 

I· TOPA ., I· TOPD ·1 
os~~:•s//~ //;~!/~~B-27»-ll!~l///;-l/A.._____X(!;~//;--,----,-r!///;~Ji 

READ FROM USYNR/T 

~~~~~~.WA·11//~'"------->W/& 
I • TAS • I • TwDPENA • I• • I 

-1• ----'-Tos_~ I• To" •1 

WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 0°C to + 70°C 
Storage Temperature Range ............................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ..................................................... + 18.0V 
Negative Voltage on any Pin, with respect to ground ..................................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee=+ 5V ±5%, Voo= + 12V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, V1L 0.8 v 
High Level, V1H 2.0 Vee v 
OUTPUT VOLTAGE LEVELS 
Low Level, VoL 0.4 v IOL=1.6ma 
High Level, VoH 2.4 loH=40µ.a 

INPUT LEAKAGE 
Data Bus 5.0 50.0 µ.a o~VIN~5v, DPENA=O orW/R=I 
All others µ.a V1N=+5v 

INPUT CAPACITANCE 
Data Bus, C1N pf 
Address Bus, C1N pf 
Clock, C1N pf 
All other, C1N pf 

POWER SUPPLY CURRENT 
Ice 70 ma 
loo 90 ma 

A.C. Characteristics TA=25°C 
CLOCK-RCP, TCP 

frequency DC 1.5 MHz 
PWH 325 ns 
PWL 325 ns 
tr,tf 10 ns 

DPENA, TwoPENA 250 50 µ.S ns 
Set-up Time, T As 0 ns 
Byte Op, W/R 
A2, A1, Ao 
Hold Time, T AH 0 ns 
Byte Op, WIR, 
A2, A1, Ao 

DATA BUS ACCESS, ToPA 150 ns 
DATA BUS DISABLE DELAY, ToPo 100 ns 
DATA BUS SET-UP TIME, Toss 0 ns 
DATA BUS HOLD TIME, TosH 100 ns 
MASTER RESET, MR 350 ns 
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ENTER 

Read RDA and RSA prior to reading 
data or status 

Receiver Data 
and 

Receiver Status 
Access Sequence 

Preferred reading sequence of receiver RDA and RSA. 

READRDB 

EXIT 

YES 

READ 
STATUS 

CCP RECEIVER OPERATION BOP RECEIVER OPERATION 

YES 

35MirtusM.HatQ:woe.NY11788 
1516)273·3100 TWX-510-227·8898 

PROTOCOL-1 
XYZ-CRC 16 

TEST MADE 
AFTER 8 CLKS 

16 RXCLKS 
DELAY 

PROCESSOR MUST READ 
ERR CHK BIT BEFORE 

RXENA•O 

R~~~T -

YES 

SET RSA 

YES 

SET RSA 

.___ _____ _ 

PROCESSOR LOAD 
ORM.A 

TEST MADE AFTER 8 RXCLK"S 

24 RXCLK"S 
(PIPELINE DELAY) 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIO~N~, iiiiiiiiiiiiifi 

( 

COM7210 

Intelligent GPIB Interface Controller 

FEATURES 
D All Functional Interface Capability Meeting IEEE 

Standard 488-1978 
-SH1 (Source Handshake) 
-AH1 (Acceptor Handshake) 
- T5 or TE5 (Talker or Extended Talker) 
-L3 or LE3 (Listener or Extended Listener) 
-SR1 (Service Request) 
-RL 1 (Remote Local) 
-PP1 or PP2 (Parallel Poll) (Remote or Local 

Configuration) 
-DC1 (Device Clear) 
-DT1 (Device Trigger) 
-C1-5 ((Controller) (All Functions)) 

D Programmable Data Transfer Rate 
D 16 MPU Accessible Registers-a Read/8 Write 
D 2 Address Registers 

-Detection of MTA, MLA, MSA (My Talk/Listen/ 
Secondary Address) 

-2 Device Addresses 
D EOS Message Automatic Detection 
D Command (IEEE Standard 488-78) Automatic 

Processing and Undefined Command Read Capability 
0 OMA Capability 
D Programmable Bus Transceiver 1/0 Specification 

(Works with T.l./Motorola/lntel) 
tJ 1 to 8 MHz Clock Range 
D TTL Compatible 

PIN CONFIGURATION 

T/R1 40 Vee 
TiR2 39 EQT 

CLOCK 3 38 NTIAC 
RESET 4 37 NRFD 

T/R3 36 DAV 

DMAREQ 35 Di08 
DMAACK 7 34 DiITT 

cs 8 33 Di06 
RD 9 

D 
32 DI05 

WR 10 31 Di04 
INT 11 30 i5T03 
DO 12 29 Di02 
D1 13 20· DR'ff 
D2 14 27 SRO 
D3 15 26 ATN 

D4 16 25 REN 
D5 17 24 iFC 
D6 18 23 RS2 
D7 19 22 RS1 

GND 20 21 RSO 

PACKAGE: 40-pin D.l.P. 

D COPLAMOS®n-Channel Silicon Gate Technology 
D + 5V Single Power Supply 
D 40-Pin DIP 
D 8080/85/86 Compatible 

GENERAL DESCRIPTION 

The COM7210 TLC is an intelligent GPIB Interface Con
troller designed to meet all of the functional requirements 
for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor 
bus and the GPIB, the TLC provides high level manage-
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ment of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with 
most processor architectures, Bus Driver/Receivers are the 
only additional components required to implement any type 
of GPIB interface. 



REGISTERS 

Di0s-i5TOT 
DATA IN 

07-00 

MESSAGE 
COMMAND PASS DECODER 

cs THROUGH 

RS2-RSO 

R5 
BYTE OUT 

INTERFACE 
WA FUNCTIONS 

ADDRESS STATUS 
DMAREQ SH 1 

DMAACK AH 1 

ADDRESS MODE 

T5/TE5 

ADDRESS 011 L31LE3 GPIB CONTROL 

SR 1 

END OF STRING 

RLl 

INTERRUPT MASK 1/2 
PP1/PP2 

INT DC 1 
T/R 3-T/R 1 

INTERRUPT STATUS 1/2 

OT 1 

SERIAL POLL 
Cl 

C2 
PARALLEL POLL 

C3 

AUX. IA)/IBl/IE) 

C4 

INTERNAL C5 

CLOCK 
COUNTER 

AUX. COMMAND 
DECODER 

RESET 

BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 

PIN SYMBOL 
1 T/R1 

2 T/R2 

3 CLK 

4 RST 
5 T/R3 

6 DMAREQ 

7 DMAACK 

8 cs 

9 RD 

10 WR 

11 

~ T 

12-19 D0-7 
20 GND 

21-23 RS0-2 

24 IFC 
25 REN 

26 ATN 

27 SRO 
28-35 DI01-8 

36 DAV 
37 NRFD 
38 NDAC 

39 EOI 

40 Vee 

FUNCTIONAL DESCRIPTION 
Introduction 

1/0 

0 

0 

I 

I 
0 

0 

I 

I 

I 

I 

0 

1/0 

I 

1/0 
1/0 

1/0 

1/0 
1/0 

1/0 
1/0 
1/0 

1/0 

DESCRIPTION 
Transmit/Receive Control-Input/Output Control Signal for the GPIB 
Bus Transceivers. · 
Transmit/Receive Control-The functions of T/R2, T/R3 are determined 
by the values of TRM1, TRMO of the address mode register. 
Clock-(1-8 MHz) Reference Clock for generating the state change 
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978. 
Reset-Resets 7210 to an idle state when high (active high). 
Transmit/Receive Control-Function determined by TRM1 and TRMO of 
address mode register (See T/R2). 
DMA Request-7210 requests data transfer to the computer system, 
becomes low on input of DMA acknowledge signal DACK. 
DMA Acknowledge-(Active Low) Signal connects the computer system 
data bus to the data register of the 7210. 
Chip Select-(Active Low) Enables access to the register selected by 
RS0-2 (read or write operation). 
Read-(Active Low) Places contents of read register specified by 
RS0-2-on D0-7 (Computer Bus). 
Write-(Active Low) writes data on D0-7 into the write register specified 
by RS0-2. 
Interrupt Request-(Active High/Low) Becomes active due to any 1 of 13 
internal interrupt factors (unmasked) active state software configurable, 
active high on chip reset. 
Data Bus-8-bit bidirectional data bus, for interface to computer system. 
Ground. 
Register Select-These lines select one of eight read (write) registers 
during a read (write) operation. 
Interface Clear-Control line used for clearing the interface functions. 
Remote Enable-Control line used to select remote or local control of 
the devices. 
Attention-Control line which indicates whether data on DIO lines is an 
interface message or device dependent message. 
Service Request-Control line used to request the controller for service. 
Data lnput/Output-8-bit bidirectional bus for transfer of message on 
the GPIB. 
Data Valid-Handshake line indicating that data on DIO lines is valid. 
Ready for Data-Handshake line indicating that device is ready for data. 
Data Accepted-Handshake line indicating completion of message 
reception. 
End or Identify-Control line used to indicate the end of multiple byte 
transfer sequence or to execute a parallel polling in conjunction with ATN. 
+5VDC 

The IEEE Standard 488 describes a "Standard Digital 
Interface for Programmable Instrumentation" which, since 
its introduction in 1975, has become the most popular means 
of interconnecting instruments and controllers in labora
tory, automatic test and even industrial applications. Refined 
over several years, the 488-1978 Standard, also known as 
the General Purpose Interface Bus (GPIB), is a highly 
sophisticated standard providing a high degree of flexibility 
to meet virtually most all instrumentation requirements. The 
COM 721 O TLC implements all of the functions that are 
required to interface to the GPIB. While it is beyond the 
scope of this document to provide a complete explanation 
of the IEEE 488 Standard, a basic description follows: 

Data on the GPIB is transferred in a bit parallel, byte serial 
fashion over 8 Data 1/0 lines (0101-0108). A 3 wire hand
shake is used to ensure synchronization of transmission and 
reception. In order to permit more than one device to receive 
data at the same time, these control lines are "Open Col
lector" so that the slowest device controls the data rate. A 
number of other control lines perform a variety of functions 
such as device addressing, interrupt generation, etc. 

The COM 721 O TLC implements all functional aspects of 
Talker, Listener and Controller functions as defined by the 
488-1978 Standard, and on a single chip. 

The COM7210 TLC is an intelligent controller designed to 
provide high level protocol management of the GPIB, freeing 
the host processor for other tasks. Control of the TLC is 
accomplished via 16 internal registers. Data may be trans
ferred either under program control or via OMA using the 
TLC's OMA control facilities to further reduce processor 

The GPIB interconnects up to 15 devices over a common 
set of data control lines. Three types of devices are defined 
by the standard: Talkers, Listeners, and Controllers, 
although some devices may combine functions such as 
Talker/Listener or Talker/Controller. 
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overhead. The processor interface of the TLC is general in 
nature and may be readily interfaced to most processor 
lines. 

In addition to providing all control and data lines necessary 
for a complete GPIB implementation, the TLC also pro
vides a unique set of bus transceiver controls permitting the 

REGISTER NAME ADDRESSING 

R RR WR C 
s S S R D S 
2 1 0 

Data In (OR) 0 0 0 1 0 0 017 

Interrupt Status 1 (1 R) 0 0 1 1 0 0 CPT 

Interrupt Status 2 (2R) 0 1 0 1 0 0 INT 

Serial Poll Status (3R) 0 1 1 1 0 0 SS 

Address Status (4R) 1 0 0 1 0 0 CIC 

Command Pass Through (5R) 1 0 1 1 0 0 CPT7 

Address O (6R) 1 1 0 1 0 0 x 
Address 1 (7R) 1 1 1 1 0 0 E01 

Byte Out (OW) 0 0 0 0 1 0 807 

Interrupt Mask 1 (1W) 0 0 1 0 1 0 CPT 

Interrupt Mask 2 (2W) 0 1 0 0 1 0 0 

Serial Poll Mode (3W) 0 1 1 0 1 0 SS 

Address Mode (4W) 1 0 0 0 1 0 ton 

Auxiliary Mode (5W) 1 0 1 0 1 0 CNT2 

Address 0/1 (6W) 1 1 0 0 1 0 ARS 

End of String (7W) 1 1 1 0 1 0 EC7 

Data Registers 
The data registers are used for data and command trans
fers between the GPIB and the microcomputer system. 

DATA IN (OR) I 017 I rn6 I rn5 Dl4 

Holds data sent from the GPIB to the computer 

use of a variety of different transceiver configurations for 
maximum flexibility. 

Internal Registers 
The TLC has 16 registers, 8 of which are read and 8 write. 

SPECIFICATION 

016 015 014 013 012 011 010 

APT DET END DEC ERR DO 01 

SRQ1 LOK REM co LOKC REMC ADSC 

PEND S6 S5 S4 S3 S2 S1 

ATN SPMS LPAS TPAS LA TA MJMN 

CPT6 CPT5 CPT4 CPT3 CPT2 CPT1 CPTO 

OTO DLO AD5-0 AD4-0 AD3-0 AD2-0 AD1-0 

DT1 DL1 AD5-1 AD4-1 AD3-1 AD2-1 AD1-1 

806 805 804 803 802 801 BOO 

APT DET END DEC ERR DO DI 

SRQI DMAO DMAI co LOKC REMC ADSC 

rsv S6 S5 S4 S3 S2 S1 

Ion TRM1 TRMO 0 0 ADM1 ADMO 

CNT1 CNTO COM4 COM3 COM2 COM1 COMO 

DT DL AD5 AD4 AD3 AD2 AD1 

EC6 EC5 EC4 EC3 EC2 EC1 ECO 

013 012 011 010 

BYTEOUT(OW) ~I _B_0_7____.._l~B0_6___,l.__B_0_5__.__B_0_4___.~B_0_3___.__B_0_2____.._~B0~1_.__B_O_O_, 

Holds information written into it for transfer to the GPIB 

Interrupt Registers 
The interrupt registers are composed of interrupt status bits, 
interrupt mask bits, and some other noninterrupt related bits. 

READ 
INTERRUPT 
STATUS 1 (1 R). CPT APT DET END DEC 

INTERRUPT 
STATUS 2 (2R) INT SRQI LOK REM co 

WRITE 
INTERRUPT 
MASK 1 (1W) CPT APT DET END DEC 

INTERRUPT 
MASK2(2W) 0 SRQI I DMAO I DMAI co 
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ERR DO DI 

I LOKC I REMC I ADSC I 

ERR DO DI 
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Interrupt Status Bits 

INT OR of All Unmasked lnterru_Q_t Status Bits 
CPT Command Pass Thro~h 
APT Address Pass Throu_g_h 
DET Device Tr!.g.9_er 
END End (END or EOS Messa_g_e Received) 
DEC Device Clear 
ERR Error 
DO Data Out 
DI Data In 
SRQI Service Request ln_Q_ut 
LOKC Lockout Cha~e 
REMC Remote Cha~e 
ADSC Address Status Cha~e 
co Command Output 

Serial Poll Registers 

There are thirteen factors which can generate an inter
rupt from the COM 7210, each with their own status bit and 
mask bit. 

The interrupt status bits are always set to one if the interrupt 
condition is met. The interrupt mask bits decide whether the 
INT bit and the interrupt pin will be active for that condition. 

Noninterrupt Related Bits 

LOK Lockout 
REM Remote/Local 
DMAO Enable/Disable DMA Out 
DMAI Enable/Disable DMA In 

READ 
SERIAL POLL 
STATUS (3R). SB I PEND I S6 S5 I S4 S3 S1 so 

WRITE 
SERIAL POLL 
MODE(3W) SB rsv S6 S5 I S4 S3 S2 S1 

The Serial Poll Mode register holds the STB (status byte: 
SS, S6-S1) sent over the GPIB and the local message rsv 
(request service). The Serial Poll Mode register may be read 
through the Serial Poll Status register. The PEND is set by 
rsv = 1, and cleared by NPRS • rsv = 1 (NPRS = Negative 
Poll Response State). 

Address Mode/Status Registers 

ADDRESS STATUS (4R) CIC ATN I SPMS I LPAS I TPAS LA TA I MJMN I 

ADDRESS MODE (4W) ton Ion I TRM1 I TRMO I 0 0 I ADM1 I ADMO I 

The Address Mode register selects the address mode of CIC = CIDS + CADS 
the device and also sets the mode for T/R3 and T/R2 the This denotes if the controller interface function is active or 
transceiver control lines. not. 

The functions of T/R2, T/R3 terminals (2 and 5) are deter- When "1 ": ATN = output. SRO = input 
mined as below by the TRM1, TRMO values of the address When "O": ATN = input, SRO = output 
mode register. 

T/R2 T/R3 TRM1 
EOIOE TRIG 0 
CIC TRIG 0 
CIC EOIOE 1 
CIC PE 1 

EOIOE = TACS +SPAS+ CIC•CSBS 

This denotes the input/output of EOI terminal. 
When "1": Output 
When "O": Input 

TRMO 
0 
1 
0 
1 
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PE = CIC + PPAS 
This indicates the type of bus driver connected to DI08 to 
DI01 and DAV lines. 

When "1 ": 3 state type 
When "O": Open collector type 

TRIG: When DTAS state is initiated or when a trigger aux
iliary command is issued, a high pulse is generated. 

Upon RESET, TRMO and TRM1 become "O" (TRMO = 
TRM1 = 0) and local message port is provided, so that Tl 
R2 and T/R3 both become "LOW." 
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Address Modes 
CONTENTS OF CONTENTS OF 

ADDRESS ADDRESS(O) ADDRESS(1) 
ton Ion ADM1 ADMO MODE REGISTER REGISTER 

1 0 0 0 Talk only Address Identification Not Necessary mode (No controller on the GPIB) 
0 1 0 0 Listen only Not Used mode 
0 0 0 1 Address mode 1 Major talk address or Minor talk address or 

@ Major listen address Minor listen address 
0 0 1 0 Address mode 2 Primary address Secondary address 

@ (talk or listen) (talk or listen) 
0 0 1 1 Address mode 3 Primary address (major Primary address (minor 

@) talk or minor listen) talk or major listen) 
Combinations other than above indicated Prohibited. 

Notes: @ -Either MTA or MLA reception is indicated by coinci
dence of either address with the received address. 
Interface function Tor L. 

Address Status Bits 

ATN Data Transfer Cycle (device in CSBS) 
LPAS Listener Primary Addressed State 
TPAS Talker Primary Addressed State 
CIC Controller Active 
LA Listener Addressed 

Address Registers 

@ -Address register O = primary, Address register 1 = 
secondary, interface function TE or LE. 

@ -CPU must read secondary address via Command 
Pass Through Register interface function (TE or LE). 

TA 
MJMN 

SPMS 

Talker Addressed 
Sets minor T/L address Reset = Major T/L 
address 
Serial Poll Mode State 

ADDRESS 0 (6R) x OTO DLO I ADS-0 I AD4-0 I AD3-0 I AD2-0 I AD1 -0 I 
ADDRESS 1 (7R) EOI DT1 DL1 I ADS-1 I AD4-1 I AD3-1 I AD2-1 I AD1-1 I 
ADDRESS 0/1 (6W) ARS DT DL I ADS 

The TLC is able to automatically detect two types of 
addresses which are held in address registers O and 1. The 
addressing modes are outlined below. 

Address 0/1 Register Bit Selections 
ARS -Selects which address register, O or 1 
DT -Permits or Prohibits address to be detected 

as Talk 
DL -Permits or Prohibits address to be detected 

as Listen 

Command Pass Through Register 

I AD4 I AD3 I AD2 I AD1 I 
Address settings are made by writing into the address 0/1 
register. The function of each bit is described below. 

AD5-AD1 -Device address value 
EOI -Holds the value of EOI line when data is 

received 

COMMAND PASS 
THROUGH (SR) I CPT7 I CPT6 I CPTS I CPT4 ! CPT3 I CPT2 I CP1 ! CPTO I 
The CPT register is used such that the CPU may read the address, or parallel poll response. 
DIO lines in the cases of undefined command, secondary 

End of String Register 
END OF 
STRING(7W) I EC? EC6 ECS EC4 EC3 I EC2 I EC1 I ECO I 
This register holds either a 7- or 8-bit EOS message byte AuxModeRegisterAcontrolsthespecificuseofthisregister. 
used in the GPIB system to detect the end of a data block. 

Auxiliary Mode Register 
AUXILIARY 
MODE(SW) CNT2 CNT1 CNTO I COM4 I COM3 I COM2 I COM1 I COMO I 
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This is a multipurpose register. A write to this register gen
erates one of the following operations according to the val
ues of the CNT bits. 

CNT COM 
2 1 0 4 3 2 1 0 OPERATION 

0 0 0 c. C3 C2 C1 Ca 
Issues an auxiliary command 
specified ~ c. to C0 • 

0 0 1 0 F3 F2 F1 F0 

The reference clock frequency is 
specified and T11 T6 , T,, T9 are 
determined as a result. 

0 1 1 U S P3 P2 P1 
Makes write operation to the parallel 
poll register. 

1 0 0 A4 A3 A2 A1 Ao Makes write operation to the aux. 
(A) register. 

1 0 1 B. B3 B2 B1 Bo 
Makes write operation to the aux. 
(B} register. 

1 1 0 0 0 0 E1 Ea 
Makes write operation to the aux. 
(E) register. 

Auxiliary Commands 0 0 0 C4 C3 C2 C1 Co 
COM 
43210 
00000 iepon - Immediate Execute pon-

Generate local pon 
Message 

00010 erst - Chip Reset-Same as 
External Reset 

00011 rrfd - Release RFD 
00100 trig - Trigger 
00101 rtl - Return to Local Message 

Generation 
00110 seoi - Send EOI Message 
00111 nvid - Non Valid (OSA reception)-

Release DAC Holdoff 
01111 vid - Valid (MSA reception, CPT, 

DEC, DET)-Release DAC 
Holdoff 

OX001 sppf - SeUReset Parallel Poll Flag 
10000 gts - Go To Standby 
10001 tea - Take Control 

Asynchronously 
10010 tcs - Take Control Synchronously 
11010 tcse - Take Control Synchronously 

on End 
10011 ltn - Listen 
11011 ltnc - Listen with Continuous 

Mode 
11100 lun - Local Unlisten 
11101 epp - Execute Parallel Poll 
1X110 site - SeUReset IFC 
1 X111 sren - SeUReset REN 
10100 dsc - Disable System Control 

Internal Counter O 0 1 0 F3 F2 F1 Fo 
The internal counter generates the state change prohibit 
times (T1, T6 , T7 , T9 ) specified in the IEEE std 488-1978 with 
reference to the clock frequency. 

Auxiliary A Register 1 0 0 A4 A3 A2 A1 Ao 
Of the 5 bits that may be specified as part of its access word, 
2 bits control the GPIB data receiving modes of the 7210 
and 3 bits control how the EOS message is used. 

A1 Ao DATA RECEIVING MODE 
0 0 Normal Handshake Mode 
0 1 RFD Holdoff on all Data Modes 
1 0 RFD Holdoff on End Mode 
1 1 Continuous Mode 

BIT 
NAME FUNCTION 

0 Prohibit Permits (prohibits) the setting of 
A2 

1 Permit 
the END bit by reception of the 
EOS message. 

Permits (prohibits) automatic 

0 Prohibit transmission of END message 
A3 

1 Permit 
simultaneously with the 
transmission of EOS message 
TACS. 

A. 
0 7bitEOS Makes the 8 bits/7 bits of EOS 
1 8 bit EOS register the valid EOS message. 

Auxiliary B Register 1 0 1 84 83 B2 B1 Bo 
The Auxiliary B Register is much like the A Register in that 
it controls the special operating features of the device. 

BIT 
NAME FUNCTION 

Permits (prohibits) the detection 
of undefined command. In other 

Ba 
1 Permit words, it permits (prohibits) 
0 Prohibit the setting of the CPT bit on 

reception of an undefined 
command. 

1 Permit 
Permits (prohibits) the 

B1 
transmission of the END 

0 Prohibit message when in serial poll 
active state (SPAS). 

1 T, T1 (high speed) as T1 of 

B2 
(high-speed) handshake after transmission of 

0 T1 2nd byte following data 
(low-speed) transmission. 

B3 
1 INT ~cities the active level of 
0 INT INT pin. 

SRQS indicates the value of ist 
ist = SRQS level local message (the value of 

1 the bar~lel p~ll fl~g is ignored). 
B. SR S - 1...1st - 1. 

SRQS = o ... ist = 0. 

0 ist = Parallel 
The value of the parallel poll flag 
is taken as the ist local message. 

Poll Flag 

Auxiliary E Register 1 1 0 0 O 0 E1 Eo 
This register controls the Data Acceptance Modes of the 
TLC. 

BIT FUNCTION 

Ea 
1 Enable 

DAC Holdoff by initiation of DCAS 
0 Disable 

E1 
1 Enable 

DAC Holdoff by initiation of DTAS 
0 Disable 

· Parallel Poll Register 
The Parallel Poll Register defines the parallel poll response 
of the COM7210. 

I 0 I u I s I p3 I P2 I P1 I 

~ECIFYING STATUS BIT 
OUTPUT LINE (DI01 TO DIOS) 

SPECIFYING STATUS BIT 
POLARITY 

S = 1 : IN PHASE 
S = 0: REVERSE PHASE 

{ 
U = 1 : NO RESPONSE TO PARALLEL POLL 
U = 0: RESPONSE TO PARALLEL POLL 
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COM7210 

lmJa 
Q.!..Qz. 

~ 

DI04 
r5fC5j 
DI02· 
DI01 

T/R1 

T/R3 (EOIOE) 
rn 

t5AV 

mm 
NDAc 

T/R2 (CIC) 

~ 

ATfJ' 

"R'm 

~ 

MC3448AX4 

DATAA BUSA 
DATAB BUS B 
DATAC BUSC 
DATAD BUS D 

r- S/RA-D PEA·D I-

DATAA BUSA 
DATA B BUS B 
DATAC BUSC 
DATA D BUS 0 

~ S/RA-0 PEA-DI--< 

~ 
S/RA 
DATAA BUS A 

._ S/RB 
DATA B BUS B 

1--- S/Rc 
DATAC BUSC ._____ 
S/Ro 
DATA 0 BUS D 

PEA-D ~ 

-{>-- S/RA 

DATAA BUS A ---c.:.::= S/RB 
DATAB BUS B 

r- S/Rc 
DATAC BUS C 

H S/RD 
DATAO BUS D 

PEA·D ...... 
j 

TT 
"H'"'L" "L" 

GPIB 

DIOB 
0107 
DI05 
DI05 

DI04 
DI03 
DI02 
DI01 

EOI 

DAV 

NRFD 

NDAC 

SRO 

ATN 

REN 

IFC 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set 8 2 = 0). 

Da 

D1 
D5 

D5 
D4 SN75160 
D3 

D2 
D, 

T/R3 (PE) PE 

COM7210 T/R1 

DC 

I------~ SRO 

-------iATN 

TE 

TE 

i=-IT~------1 EOI SN75161 
-------i DAV 
-------iNRFD 

-------iNDAC 

FCl~------l IFC 

Ri=Nl---------1 REN 

GPIB 

Note: In the case of low-speed data transfer (82 = 0), the T/R3 pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." 

MINIMUM 8085 SYSTEM 
WITH COM7210 (CONT.) 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS (T. = 25°C) 

PARAMETER 
Su_ep!i'._Volt~e 
ln2._ut Volta_g_e 
Output Voltage 
Operatin_g_ Tem_e_erature 
Stora_g_e Tem_e_erature 

SYMBOL 
Vee 
V1 
Vo 

~ 
T51g_ 

DC CHARACTERISTICS (T. = 0 to + 70°C, Vee = 5V ± 10%) 

LIMITS 
PARAMETER SYMBOL MIN TYP 

ln_e_ut Low Volt~e VIL -0.5 
ln_e_ut H!g_h Volta_g_e VIH +2.0 
Low Level 

Output Voltage Vol 

High Level 
Output Voltage VoH1 +2.4 

High Level +2.4 
Output Voltage VOH2 

(INT Pin) +3.5 
Input Leakage 

Current Ill -10 
Output Leakage 

Current loL -10 
Su_ep!i'._ Current Ice 

CAPACITANCE (T. = 25°C, Vee = GND = OV) 

LIMITS 
PARAMETER SYMBOL MIN TYP 

ln_Q_ut C~acitance C,N 
Ou!.e_ut Capacitance CouT 
110 Ca_Q_acitance C,,o 

CS, RS2-0 

01-0 

\ltAKD 

RATINGS UNIT 
-0.5- +7.0 v 
-0.5- +7.0 v 
-0.5-+7.0 v 

o- +70 oc 
-65- +125 oc 

MAX UNIT TEST CONDITIONS 
+0.8 v 

Vee+ 0.5 v 

+0.45 v loL = 2 mA 
(4 mA: T/R1 Pin) 

v Iott= -400 µA 
(Except INT) 
Iott= -400 µA 

v 
Iott= -50 µA 

+10 µA V1N = OV-Vcc 

+10 µA VouT = 0.45V - Vee 
+180 mA 

MAX UNIT TEST CONDITIONS 
10 _e_F f = 1 MHz 
15 _Q_F All Pins Except Pin Under Test Tied to 
20 pF AC Ground 

DMAREQ __/ ~KRH~,,.-----------------
TIMING DIAGRAM 

160 



AC CHARACTERISTICS, (T. = 0 to 70°C, Vee = 5V '± 10%) 

LIMITS 
UNIT 

PARAMETER SYMBOL MIN MAX CONDITIONS 
EOI 1-+ DIO tEOOI 250 ns PPSS -+ PPAS, ATN = True 
EOI 1-+ T/R1 i tEOT11 155 ns PPSS -+ PPAS, ATN = True 
EOI i -+ T/Rll tEOT12 200 ns PPAS -+ PPSS, ATN = False 
ATN 1-+ NDAC 1 tATNO 155 ns AIDS -+ ANRS, LIDS 
ATNl-+ T/R1 1 tATT1 155 ns TAGS + SPAS-+ TADS, CIDS 
ATN 1 -+ T/R2 1 tATT2 200 ns TAGS + SPAS -+TADS, CIDS 
DAV 1 -+ DMAREQ tovRa 600 ns ACAS -+ ACDS, LACS 
DAV 1 -+ NFRD 1 tOVNR1 350 ns ACRS-+ACDS 
DAV 1-+ NDAC i tovN01 650 ns ACAS-+ ACDS -+ AWNS 
DAV i-+ NDAC 1 tOVN02 350 ns AWNS-+ANRS 
DAV i -+ DRFD i tOVNR2 350 ns AWNS-+ ANRS-+ ACAS 

RD 1-+ NRFD i tRNA 500 ns ANRS-+ACRS 
LACS, DI reg. selected 

NDAC i -+ DMAREQ T tNORQ 400 ns STAS-+ SWNS-+ SGNS, 
TAGS 

I 
NDAC i -+ DAV i tNOOV 350 ns STAS-+ SWNS -+ SGNS 

WR i-+ DIO two1 250 ns SGNS -+ SOYS, BO 
reg. selected 

NRFD i -+DAV 1 tNROV 350 ns SOYS-+ STAS, T1 = True 
SGNS-+ SOYS-+ STAS 

WR i-+ DAV 1 twov 
830 ns BO reg. selected, RFD= True 

+tsvNe NF = fc = 8 MHz, 
T1 (High Speed) 

TRIG 
tTRIG 50 ns Pulse Width 

Address Setup to RD tAR 
85 ns RSO- RS2 
0 ns cs 

Address Hold from RD tRA 0 ns 
RD Pulse Width tRR 170 ns 
Data Delay_ from Address tAO 250 ns 
Data Delay from RD 1 tRO 150 ns 
Output Float Delay from RD i toF 0 80 ns 
RD Recovery_ Time tRv 250 ns 
Address Setup to WR tAW 0 ns 
Address Hold from WR tWA 0 ns 
WR Pulse Width tww 170 ns 
Data Setup to WR tow 150 ns 
Data Hold from WR two 0 ns 
WR Recovery_ Time tRV 250 ns 
DMAREQ 1 Delay from DMAACK tAKRQ 130 ns 
Data Delay from DMAACK tAKO 200 ns 

CS, RS2- 0 

07-0 

TIMING DIAGRAM 
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STANDARD MICROSYSTEMS 
CORPORATION1 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 

f 

COM8004 
µPC FAMILY 

Dual 32 Bit CRC SDLC Generator/Checker 
CRC-32 

FEATURES 
0 SDLC 32 bit CRC 
0 COM 5025 USYNRT Companion 
D Data Rate-2MHz typical 
D All Inputs and Outputs are TTL Compatible 
D Single +5 Volt Supply 
0 COPLAMOS® N-Channel MOS Technology 

GENERAL DESCRIPTION 
SMC's COM 8004 is a dual 32-bit CRC Generator/ 
Checker for use with SDLC protocols. It is a 
companion device to SM C's COM 5025 USYNRT. 
It operates at bit rates from DC to 2.0 MHz from a 
single'+5v supply and is housed in a 20 lead x 0.3 
inch DIP. All inputs and outputs are TTL compatible 
with full noise immunity. 
The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: 
x32 + x2s + x23 + x22 + x1s + x12 + x11 + x10 + xa + x1 + X5 + 
X4+X2+X+1. 
The CRC register is initialized to all ones and the 
result is inverted before being appended to the 
message. The expected remainder is: 
x31 + x3o+ x2s+ x25 + x24+ x1a+ x15+ x14+ x12+ x11 + x10+ 
X8 + X6 + X5 + X4 + X3 + X + 1. 
Each half has a nine-bit serial data shift register. 
Data moves on the positive edge of the clock, and all 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A "clock out" pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 
In the generate mode, computation is initiated upon 
detection of a flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 
until a second flag is detected. CLK OUT to the 
SDLC transmitter is then halted, and the 32-bit CRC 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 
In the check mode, computation is similarly 

. initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 

SER IN 

MR 
CLK IN 

ENA 
. MODE 

EFLGR 

163 

PIN CONFIGURATION 

MRA 20Vcc 

CLKINA 2 19 EFLGRB 

CLKOUTA 3 18 EFLGB 

SERINA 4 17 MODEB 

SER OUT A 5 16 ENAB 

ENAA 6 15 SEROUTB 

MOD EA 7 14SERINB 

EFLGA 8 13 CLKOUTB 

EFLGRA 9 12 CLKINB 

GND10 11 MRB 

PACKAGE: 20 pin D.l.P. 

BLOCK DIAGRAM 
FOR ONE-HALF OF THE COM 8004 

32 BIT CRC 

8-BIT SIR 
FLAG/ABORT DET 

CONTROL LOGIC CLKOUT 

EFLG 

1 
BIT 

NON-SIG 
ZERO DET 

STUFF/STRIP 

TYPICAL SYSTEM 
TSO SER IN 

COM 
5025 TCP 

COM 
SER OUT 

CLK OUT 8004 

SERIN 

CLKIN 

SERIN 

CLKIN 

TX 

RCV 

COM 5025 

COM 
5025 

CLKIN 

SER OUT 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1 MASTER RESET-A MRA MRA presets the CRC calculation in Section A of the COM 8004 
to all ones and forces the "pipeline" (8 shift register bits and the 
output flip-flop) to a logic "1" (Mark). The COM 8004 will only exit 
the reset state when MRA has been released and all 8 bits of a 
FLAG (01111110) have been received. 

2 CLOCK INPUT-A CLKINA Baud Rate Clock for Section A. 

3 CLOCK OUTPUT-A CKLOUTA Clock output from Section A. This is used to provide the clock for 
the USYNRT. CLKOUTAwill normally track CLKINA. lnthegenerate 
mode, when the last flag bit has been shifted into the shift register 
of the COM 8004, CLKOUTA will be held high until the. CRC 
check character has been sent out. After the.last bit of the CRC 
character is transmitted, CLKOUTA will resume tracking CLKINA. 

4 SERIAL INPUT-A SERINA Serial input to the COM 8004 Section A. For transmission, SERINA 
is connected to the transmitter serial output of the USYNRT. 
For receiving, SERINA is connected to the received data output 
of the modem. 

5 SERIAL OUTPUT-A SEROUTA Serial output from Section A of the COM 8004. For transmission, 
SER OUT A is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial data input of 
the USYNRT. 

6 ENABLE-A ENAA When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SER OUT A after a nine bit delay without alteration 
and without checking or generating CRC. If ENAA is high, CRC 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 

7 MODE SELECT-A MO DEA MO DEA determines whether Section A of the COM 8004 is in 
the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic "1" selects CRC check. Logic "O" selects CRC generate. 

8 ERROR FLAG-A EFLGA EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error. EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET (EFLGRA). 

9 ERROR FLAG RESET-A EFLGRA A logic "1" on EFLGRA will reset EFLGA. If EFLGRA is kept at a 
logic "1," it will inhibit the setting of EFLGA. 

10 GROUND GND Ground. 

11 MASTER RESET-B MRB Master reset for Section B. See MRA for description. 

12 CLOCK IN-B CLKINB Clock input for Section B. See CLKINA for description. 

13 CLOCK OUT-B CLKOUTB Clock output for Section B: See CLKOUTA for description. 

14 SERIAL INPUT-B SERI NB Serial input for Section B. See SERINA for description. 

15 SERIAL OUTPUT-B SEROUTB Serial output for Section B. See SEROUTA for description. 

16 ENABLE-B ENAB CRC enable for Section B. See ENAA for description. 

17 MODE SELECT-B MO DEB Mode select for Section B. See MOD EA for description. 

18 ERROR FLAG-B EFLGB Error Flag for Section B. See EFLGA for description. 

19 ERROR FLAG RESET-B EFLGRB Error flag reset for Section B. See EFLGRA for description. 

20 POWER SUPPLY Vee +5 volt power supply input. 
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OPERATION 

The COM 8004 has 3 modes of operation, as selected by 
the ENABLE and MODE SELECT inputs. They are: 

CRC Generation 
Upon detection of a closing FLAG character, CLKOUT 
is left high (stopping USYNRT activity), and the CRC 
accumulation is shifted out by CLKIN. CLKOUT then 
resumes clocking, and the FLAG (which has been stored 
in the shift register) is shifted out. The CRC check data 
is inverted before this data is transmitted. Zero-stuffing 
is performed on the inverted CRC check data. 

ENABLE MODE SELECT 
O O CRC Disabled. Data is 

shifted from SERIN to 
SEROUT with no compu
tation performed. Serial 
delay is 9 bit times. 

During the time CKLOUT is forced high and CRC check 
data is being shifted out, data on SERIN will be ignored. 0 1 

0 

Same as above. 

CRC generation mode. 

CRC check mode. 

In the CRC generation and check modes, calculations 
begin upon receipt of the first data character after an 
opening FLAG. "Stuffed zeroes" are stripped for the 
purpose of the CRC calculation. CRC calculation will 
continue until either a MASTER RESET occurs, ENABLE 
is brought to logic zero, an ABORT character is received, 
or a closing FLAG is received. 

If an ABORT character is received, CRC calculation will 
cease afte~ the last "1" bit of the ABORT character is 
shifted into the shift register. Data will pass through the 
COM 8004 without effect until a FLAG is received. 

CRC Check (Reception) 
When the last bit of a closing flag enters the shift regis
ter, ERRCHK will go high on the following positive 
CLKIN transition if a CRC error is detected. 

Operation Notes 

Note 1: The minimum message size is sixteen significant bits following an opening 
flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 
If the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 
FLAG is detected. 

01111110 DDDDDDDD 00011111 (MISSING STUFFED 0) 

I OPENING I A 
FLAG ( LAST "1" IN THE BIT 16 LOCATION. l 

01111110 

I CLOSING I 
FLAG 

Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 
A) CRC Generate Mode: The last "one" bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 

B) CRC Check Mode: The last "one" bit, bit 17, will not be calculated into the CRC. 

01111110 DDDDDDDD 00001111 1 (MISSING STUFFED 0) 01111110 

I OPENING I 
FLAG 

~~~~~~-A-~~~~~~-
( LAST "1" IN THE BIT 17 LOCATION. J I CLOSING I 

FLAG 

Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 

If the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ......................................................... 0° C to + 70° C 
Storage Temperature Range ......................................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) .......................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ....................................•.......... +a.av 
Negative Voltage on any Pin, with respect to ground ............................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied.· 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested 
that a clamp circuit be used. 

PARAMETER 

DC CHARACTERISTICS 
Input Voltage Levels 

Low Level 
High Level 

Output Voltage Levels 
Low Level 
High Level 

Input Capacitance 
Power Supply Current 

AC CHARACTERISTICS 
Clock Frequency 
Clock Pulse Width-High 
Input Set-Up Time 
Input Hold Time 
Master Reset Pulse Width 
Reset Delay 
Error Flag Delay 
Error Flag Reset Delay 
ERRST Pulse Width 
Clock Propagation Delay 
SEROUT Propagation Delay 

SERIN, MODE 
ENA, ERFLGR 

CLKIN 

SYMBOL 

V1L 
V1H 

VOL 
VoH 
C1N 
Ice 

f1N 
tcLKH 
toe 
tco 
tPw 
tMR 
tFO 
trn 
tew 
tPD 
tso 

toe 

MIN TYP MAX UNIT 

0.8 v 
2.0 v 

0.4 v 
2.4 v 

10 25 pf 
100 mA 

2 MHz 
350 ns 
100 ns 

0 ns 
250 ns 

250 ns 
300 ns 
100 ns 

100 ns 
150 ns 
150 .ns 

Figure 1 
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COMMENTS 

Im= 1.6 mA 
loH = .-100 µA 

TA= 25°C 

Figure 1 
Figure 1 
Figure 1 
Figure 2 
Figure 2 
Figure 3 
Figure 4 
Figure 4 
Figure 5 
Figure 5 



Figure 2 
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CLKIN 

CLKOUT 

SERO UT 

35t0cusM.~.NY11788 
(516)27J.3100 TWX-510-227-8898 

Figure 5 

..----- 350 ns min ------t 
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VoH 

VoL 

!PO 

VoH 

VoL 

!so---~ 

Circuit diagrams utilizing SMC products are included as a meanstif illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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COM 8017 
COM8502 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 

D Single +5V Power Supply 

D Direct TTL Compatibility- no interfacing circuits 
required 

D Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered-eliminates need for precise 
external timing 

D Start Bit Verification-decreases error rate 

D Fully Programmable-data word length; parity mode; 
number of stop bits: one, one and one-half, or two 

D High Speed Operation-40K baud, 200ns strobes 

D Master Reset- Resets all status outputs 

D Tri-State Outputs- bus structure oriented 

D Low Power- minimum power requirements 

D Input Protected-eliminates handling problerns 

D Ceramic or Plastic Dip Package-easy board insertion 

D Compatible with COM 2017, COM 2502 

D Compatible with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 

GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolithic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's patented COPLAMOS® tech
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7 or 8 
data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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Pin Configuration 

Vee 
NC 

Gnd 
ROE 
RD8 
RD? 
RD6 
RDS 
RD4 
RD3 
RD2 
RD1 
RPE 
RFE 
ROR 
SWE 

40 
39 
38 
37 
36 
3S 
34 
33 

~oo~~ 
11 30 
12 29 
13 28 
14 27 
1S 26 
16 2S 

TCP 
POE 
NDB1 
NDB2 
NSB 
NPB 
cs 
TD8 
TD? 
TD6 
TDS 
TD4 
TD3 
TD2 
TD1 
TSO 

RCP 17 24 TEOC 
ROAR 18 23 TDS 

RDA 19 22 TBMT 
RSI 20 21 MR 

PACKAGE: 40-Pin D.l.P. 

Functional Block Diagram 
TD1 TD2 TD3 TD4 ms TD6 TD7 TD8 

26 27 28 29 30 31 32 33 

TRANSMITTER BUFFER REGISTER 

RECEIVER BUFFER REGISTER 

RD8 RD7 RD6 RDS RD4 RD3 RD2 RD1 

TSO 

SWE 

TBMT 
RPE 
RFE 
ROR 
RDA 

RDAR 

Vee 
NC 
Gnd 

I 
I 



DESCRIPTION OF OPERATION- TRANSMITTER 

At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 
When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may 05cur simulta
neously. Once the date strobe (TD ) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 
If the transmitter shift register is transmitting pre
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 

commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 
If new data is loaded into the data bits buffer register 
at this time, TBMT goes low and remainsinthisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 
Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 

TRANSMITTER BLOCK DIAGRAM 

ODD/EVEN 
PARITY SELECT 

NO NUMBER 
PARITY STOP BITS 

NUMBER OF 
DATA BITS 

DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 

CONTROL 
STROBE 

16 x T 
CLOCK 

CONTROL BITS HOLDING REGISTER 

TO 
RECEIVER 

TIMING GENERATOR 

DATA BITS HOLDING REGISTER 
BUFFER ----- DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

~----ti · PARITY BIT GENERATION LOGIC END OF 
CHARACTER 

DESCRIPTION OF OPERATION-RECEIVER 

At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is applied 
and master reset is pulsed. The data avai I able (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 
Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bit time, a genuine 
start bit is verified. Should the line return to a mark-
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ing condition prior to a 1/2 bit time, the start bit veri
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 
If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 



status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperlyframed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 
At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re
ceiving the next character. Due to the double buf
fered receiver, a full character time is available to 
remove the received character. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 

CONTROL 
BITS FROM 

HOLDING 

RECEIVER BLOCK DIAGRAM 

RDS RD7 RD6 RDS RD4 RD3 RD2 RD1 

AND GATE 

DATA BITS HOLDING REGISTER 
BUFFER 

RESET DATA 
AVAILABLE 

FRAMING 
ERROR 

TRANSMITTER 
BUFFER EMPTY 

REGISTER ------------.--------, 

SERIAL 
INPUT 

START BIT 
VERIFICATION 

RIGHT 
JUSTIFY LOGIC 

RECEIVER SHIFT 
CP REGISTER 

C~~C~ TIMING GENERATOR 1----------------' 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 

Vee Power Supply +5 volt Supply 

2 NC No Connection No Connection 

3 GND Ground Ground 

4 ROE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 

5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by ROE. 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 

have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 

selected parity. 

14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 
Error the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 

PINNO. SYMBOL NAME FUNCTION 

15 ROA Receiver Over This tri-state output (enabled by SWE) is at a high-level if 
Run the previously received character is not read (RDA output 

not reset) before the present character is transferred into 
the receiver buffer register. 

16 SWE Status Word A low-level input enables the outputs (APE, RFE, ROA, 
Enable RDA, and TBMT) of the status word buffer register. 

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level. 
Available Reset 

19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level 
Available when an entire character has been received and transferred 

into the receiver buffer register. 

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level 
Input (mark) to low-level (space) transition is required to initiate 

data reception. 

21 MR Master Reset This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, APE, RFE and ROA to a low-level. 

22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 
Buffer Empty when the transmitter buffer register may be loaded with 

new data. 

23 TDS Transmitter A low-level input strobe enters the data bits into the 
Data Strobe transmitter buffer register. 

24 TEOC Transmitter End This output appears as a high-level each ti me a full character 
of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 

25 TSO Transmitter This output serially provides the entire transmitted 
Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available. 
Data Inputs Unused data input lines, as selected by NDB1 and NDB2, 

may be in either logic state. The LSB should always be 
placed on TD1. 

34 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 

35 NPB No Parity Bit ·A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the APE output is 
forced to a low-level. See pin 39, POE. 
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PIN NO. SYMBOL 

36 NSB 

37-38 NDB2, 
NDB1 

39 POE 

40 TCP 

TCP 

DESCRIPTION OF PIN FUNCTION 

NAME FUNCTION 

Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 

Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM 8017/H. 

Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
Bits/Character or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 
L L 5 
L H 6 
H L 7 
H H 8 

Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 
NPB POE MODE 

L L odd parity 
L H even parity 
H x no parity 

X = don't care 

Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 

TRANSMITTER TIMING-8 BIT, PARITY, 2 STOP BITS 

TRANSMITTER START-UP 

_n__n__n_r 
I 1116 I 
~ Bit f

time 

MS---, TSO L___ 

Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bi twill be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 

RSI 

CENTER BIT 
SAMPLE 

RDA" 

RDA"" 

RECEIVER TIMING-8 BIT, PARITY, 2 STOP BITS 

~~A.21 ·····ID~T~e}'~R~~I sroP1 sToP2lsTART 

--i IE--1/16 Bit time 
--- -----------------:, 

"The RDA line was previously not reset (ROR =high-level) . 
.. The RDA line was previously reset (ROR =low-level). 

START BIT DETECT/VERIFY 

RCP LS1_J 
RSI 

---c:=y 
If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ..................................................... 0° C to+ 70°C 
Storage Temperature Range . ~ .................................................. -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) ..................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ........................................... +8.0V 
Negative Voltage on any Pin. with respect to ground .......................................... -0.3V 
Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C, Vee=+5V±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V1L 0 0.8 v 
High-level, V1H 2.0 Vee v 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 v loL = 1.6mA 
High-level, VoH 2.4 v loH = -100µA 

INPUT CURRENT 
Low-level, l1L 300 µA V1N = GND 

OUTPUT CURRENT 
Leakage, ILo ±10 µA SWE =ADE= V1H, 0 $ VouT $ +5V 
Short circuit, los** 30 mA VouT =OV 

INPUT CAPACITANCE 
All inputs, C1N 5 10 pf 

OUTPUT CAPACITANCE 
All outputs, CouT 10 20 pf SWE =ADE= V1H 

POWER SUPPLY CURRENT 
Ice 25 mA All outputs= VoH, All inputs= Vee 

A.C. CHARACTERISTICS TA= +25°C 
CLOCK FREQUENCY 

COM8502, COM 8017 DC 640 KHz RCP, TCP 
PULSE WIDTH 

Clock 0.7 µs RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns cs 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns ROAR 

INPUT SET-UP TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 
Data bits 2:0 ns TD1-TD8 
Control bits 2:0 ns NPB, NSB, NDB2, NDB1, POE 

STROBE TO OUTPUT DELAY Load= 20pf +1 TTL input 
Receive data enable 350 ns ADE: TPD1, TPDO 
Status word enable 350 ns SWE: TPD1, TPDO 

OUTPUT DISABLE DELAY 350 ns RDE,SWE 

**Notmore than one output should be shorted at a time. 

NOTES: 1. If the transmitter is inactive (TEOCand TB MT are at a high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 

3. The tri-state output has 3 states: 1) low impedance to Vec-&tJEw impedance to GND3) high impedance OFF::!! 
10M ohms The "OFF" state is controlled by the SWE: and inputs. 
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DATA/CONTROL TIMING DIAGRAM 

DATA INPUTS 
tr =tf =20 ns 
TSET-UP 2:0 
THOLD 2:0 

cs 

CONTROL INPUTS 

*Input information (Data/Control) need only be valid during 
the last TPW, min time of the input strobes (TIJS, CS). 

OUTPUT TIMING DIAGRAM 

OUTPUTS 
(RD1-RD8, RDA, 

APE, ROA, RFE, TBMT) 

NOTE: Waveform drawings not to scale for clarity. 

ROAR 

200ns 

VIL ----------

RDA 300ns 
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TDS 

TMBT 

VOH 

VOL 

Outputs Disabled 

VOL 

400ns 
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FLOW CHART-TRANSMITTER FLOW CHART - RECEIVER 

1 TUAN POWER ON 
2 PULSE EXTERNAL RESET 
3 SELECT BAUD AATE-16 x CLK 

1. TURN POWER ON 
2 PULSE EXTERNAL RESET 
3 SELECT BAUD RATE- 16 x CLK 
4 SET CONTROL BITS 

1 LOAD'TRANSMITTER SHIFT REGISTER 
2 SO · 0 (START BIT) 
3 EOC - 0 

SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 

STANDARD MICROSYSTEMS 
CORPORATION 

35M<wcusBMl .. Ha.wauge,NY117B8 
1516)273-3100 TWX-510-227-8898 

SET PARITY 
ERROR REGISTER 
TO 1 

SET FRAMING 
ERROR REGISTER 
TO 1 

SET OVER-RUN 
REGISTER 
TO 1 

SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 

SET PARITY 
ERROR REGISTER 
TOO 

SET FRAMING 
ERROR REGISTER 
TOO 

SET OVER-RUN 
REGISTER 
TOO 

TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 

EXAMINE OUTPUTS 
1 STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 

RESET DATA AVAILABLE - DA= 0 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIONr.jiiiiiiiiiiiiiii 

f 

COM8251A 
JLPCFAMILY 

Universal Synchronous/Asynchronous 
Receiver /Transmitter 

FEATURES 
USART 

PIN CONFIGURATION 

D Asynchronous or Synchronous Operation 
-Asynchronous: 

5-8 Bit Characters 
Clock Rate-1, 16 or 64 X Baud Rate 
Break Character Generation 
1, 11'2 or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 

-Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Autom.atic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 

D Baud Rate-Synchronous- DC to 64K Baud 
....:....Asynchronous-DC to 19.2K Baud 

D Baud Rates available from SM C's COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 

D Full Duplex, Double Buffered Transmitter and 
Receiver 

D Odd parity, even parity or no parity bit 
D Parity, Overrun and Framing Error Flags 
D Modem Interface Controlled by Processor 
D All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 
The COM 8251A is an MOS/LSI device fabricated 
using SM C's patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251A is an enhanced version of the 8251. 
The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
anytime. 
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02 1 28 01 

03 2 27 DO 

RxD 3 26 Vee 

GND 4 25 RxC 

04 5 24 OTA 

05 6 23 ATS 

06 7 22 DSR 

07 8 21 RESET 

TxC 9 20 CLK 

WR 10 19 TxD 

cs 11 18 TxEMPTY 

CID 12 17 CTS 

RD 13 16 SYNDET/80 

RxRDY 14 15 TxRDY 

PACKAGE: 28-pin 0.1.P. 

D Compatable with Intel 8251A, NEC µPD8251A 
D Single +5 Volt Supply 
D Separate Receive and Transmit TTL Clocks 
D Enhanced version of 8251 
D 28 Pin Plastic or Ceramic DIP Package 
D COPLAMOS® N-Channel MOS Technology 

07-00 

RESET 

CLK 

C1i5 

Ro 
WR 

BLOCK DIAGRAM 

MODEM 
CONTROL 

RECEIVE 
BUFFER 
(S-P) 

TxD 

TxRDY 

TxEMPTY 

TxC 

RxD 

RxRDY 

RxC 

SYNDET/ 
BRKDET 
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DESCRIPTION OF PIN FUNCTIONS 

INPUT/ 
PINNO. SYMBOL NAME OUTPUT FUNCTION 

1, 2, 27, D2, D3, DO, DATA BUS 1/0 An 8-bit, 3-state bi-directional DATA BUS used to interface the 
28,5-8 D1, D4-D7 COM 8251A to the processor data bus. Data is transmitted or 

received by the bus.in response to input/output or Read/Write 
instructions from the processor: The DATA BUS also transfers 
Control words, Command words, and Status. 

3 RxD RECEIVER DATA I This input receives serial data into the USART. 

4 GND GROUND GND Ground 

9 TxC TRANSMITTER I The TRANSMITTER CLOCK controls the serial character trans-
CCT5"CR" mission rate. In the Asynchronous mode, the TxC frequency is 

a multiple of the actual Baud Rate: Two bits of the Mode lnstruc-
ti on select the multiple to be 1X, 16X, or64Xthe Baud Rate. In the 
Synchronous mode, the TxC frequency is automatically se-
lected to equal the actual Baud Rate. 

Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of the USART bythefallingedgeof'TXC. 

10 WR WRITE DATA I A "zero" on this input instructs the COM 8251A to accept the 
data or control word which the processor is writing out to the 
USART via the DATA BUS. 

11 cs CHIP SELECT I A "zero" on th is in put enables the USART for reading and writing 
to the processor. When CS is high, the DATA BUS is in the float 
state and RC5 and WR will have no effect on the chip. 

12 CID CONTROL/DATA I The Control/Data input, in conjunction with the WR and 'ITT) 
inputs, informs the USART to accept or provide either a data 
character, control word or status information via the DATA BUS. 
0 =Data; 1 =Control/Status 

13 RD READ DATA I A "zero" on this input instructs the COM 8251A to place the data 
or status information onto the DATA BUS for the processor 
to read. 

14 RxRDY RECEIVER READY 0 The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an ''.assembled" character for input to the 
processor. For polled operation, the processor can check 
RxRDY using a Status Read orRxRDY can be connected to the 
processor interrupt structure. Note that reading the character 
to the processor automatically resets RxRDY. 

15 TxRDY TRANSMITTER READY 0 TRANSMITTER READY signals the processor that the trans-
mitter is ready to accept a data character. TxRDY can be used 
as an interrupt or may be tested through the Status information 
polled ~aton. TxRDY is automatically reset by the leading 
edge of when a data character is loaded from the processor. 

16 SYNDET/ SYNC DETECT I 1/0 The SYNDET feature is only used in the Synchronous mode. 
BRKDET BREAK DETECT The USART may be programmed through the Mode Instruction 

to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will go to a "one" 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to "one" in the middle 
of the last bit of the second contiguously detected SYNC char-
acter. SYNDET is automatically reset to "zero" upon a Status 
Read or RESET. In the external SYNC mode, a "zero" to "one" 
transition on the SYNDET input is sampled during the negative 
half cycle of Rx'C" and will cause the COM 8251A to start as-
sembling data character on the next rising edge of Rx'C". The 
length of the SYNDET input should beat least one Rx'C" period, 
but may be removed once the COM 8251A is in SYNC. When 
external SYNC DETECT. is programmed, the internal SYNC 
DETECT is disabled. 
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INPUT/ 
PINNO. SYMBOL NAME OUTPUT FUNCTION 

16 The SYNDET/BRKDET pin is used in both Synchronous and 
(cont.) Asynchronous modes. When in SYNC mode the features for 

the SYNDET pin described above apply. When in Asynchronous 
mode, the BREAK DETECT output will go high when an all zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, paritybitandonestopbit.Resetonlyoccurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 

17 CTS CLEAR TO SEND I A "zero" on the CLEAR TO SEND input enables the USART to 
transmit serial data if the TxEN bit in the Command Instruction 
register is enabled (one). 

If either a TxEN off or CTS off condition occurs while the Tx is 
in operation, the Tx will transmit all thedata in the USART written 
prior to the Tx Disable command before shutting down. I 

18 TxE TRANSMITTER EMPTY 0 The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto-
matically reset upon receiving a datacharacterfrom the proces-
sor. In half-duplex, TxE can be used to signal end of a trans-
mission and request the processor to "turn the line around". 
The TxEN bit in the command instruction does not effect TxE. 

In the Synchronous mode, a "one" or. this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as "fillers" because the next data character has not 
been loaded; an underflow condition. If the USART is operat-
ing in the two SYNC character mode, both SYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 

19 TxD TRANSMITTER DATA 0 This output is the transmitted serial data from the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 

20 CLK CLOCK PULSE I The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5 
times for the 16X and 64X modes. 

21 RESET RESET I A "one" on this input forces the USART into the "idle" mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxR DY= TxRDY = TxEmpty =SYN DET I 
BRKDET = O; TxD =OTA= AST= 1. Minimum RESET pulse 
width is 6 tev, CLK must be running during RESET. 

22 DSR DATA SET READY I The DATA SET READY inP.ut can be tested by the processor 
via Status information. The i5Sl=i input is normally used to test 
Modem Data Set Ready condition. 

23 ATS REQUEST TO SEND 0 The REQUEST TO SEND output is controlled via the Command 
word. The ATS output is normally used to drive the Modem 
Request to Send line. 

24 DTR DATA TERMINAL 0 The DATA TERMINAL READY output is controlled via the 
~ Command word. The 0TR output is normally used to drive 

Modem Data Terminal Ready or Rate Select lines. 

25 R"XC RECEIVER CLOCK I The RECEIVER CLOCK is the rate at which the i_ncoming char-
acter is received. In the Asynchronous mode, the Rx'C frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 
16X or 64X or Synchronous operation at 1X the Baud Rate. 

Data is sampled into the USART on the rising edge of RxC. 

26 Vee Vee SUPPLY VOLTAGE PS +5 volt supply 
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DESCRIPTION OF OPERATION-ASYNCHRONOUS 

Transmission-

When a data character is written into the USART, it auto
matically adds a START bit (low level or "space") and the 
number of STOP bits (high level or "mark") specified.by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as ~ified by the Mode Instruction. Then, depending 
on CTS and TxEN, the character may be transmitted as a 
serial data stream at the TxD output. Data is shifted out by 
the falling edge of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains "high" (marking) in preparation for send
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con
tinuously low) by setting the correct bit in the Command 
Instruction. 

Receive-

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge (high to low transi
tion) at RxD signals the possible beginning of a START bit 
and a new character. The receiver is thus prevented from 
starting in a "BREAK" state. The START bit is verified by 
testing for a "low" at its nominal center as specified by the 
BAUD RATE. If a "low" is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Input bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 

DESCRIPTION OF OPERATION-SYNCHRONOUS 

Transmission-

As in Asynchronous transmission, the TxD output re
mains "high" (marking) until the USART receives the first 
character (usually a SYNC character) from the processor. 
After a Command Instruction has set TxEN and after 
CleartoSend (CTS) goes low, thefirstcharacterisser~ 
transmitted. Data is shifted out on the falling edge ofTxC 
at the same rate as TxC. 

Once transmission has started, Synchronous Data Pro
tocols ~uire that the serial data stream at TxD continue 
at the TXC rate or SYNC will be lost. If a data character is 
not provided by the processor before the USART Transmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat
ically inserted in the TxD data stream. The SYNC char
acter( s) are inserted to fill the line and maintain synchron
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s), the TxEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TxEMPTY is automatically reset by the next character . 
from the processor. 

Receive-

In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 

has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 

Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
com pared with the first SYNC character after each bit has 
been loaded until a match is found. If two SYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char
acter(s) programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza
tion. At this time, the SYNDET (output) is set high. SYNDET 
is automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruc
tion, a "one" applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the 
Synchron9us as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re
ceiver is not enabled. Framing errors do ~ot apply in the 
Synchronous format. 

The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all "ones". 
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OPERATION AND PROGRAMMING 

The microprocessor program controlling the COM 8251A 
performs these tasks: 

•Outputs control codes 
•Inputs status 
•Outputs data to be transmitted 
•Inputs data which has been received 

Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 

The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 

INITIALIZING THE COM 8251A 

Figure 1. Control Word Sequences for Initialization 

C/0=1 

C/O=o 

C/0=1 

MODE CONTROL 

COMMAND 

DATA . . . 
COMMAND 

DATA . . 

} 

INITIALING 
SEQUENCE 

ASYNCHRONOUS OPERATION 

The COM 8251A may be initialized following a system 
RESET or prior to starting a new seral 1/0 sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 

The COM 8251A is initialized with two, three or four con
trol words from the processor. Figure 1 shows the sequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 

Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs control informa
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera
tion, then the next one or two bytes (as determined by the 
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C/0=1 .. 

C/0=0 -< 

C/0=1 

C/D=O { 

MODE CONTROL 

SYNC #1 

SYNC #2 
(OPTIONAL) 

COMMAND 

DATA . . 
COMMAND 

DATA 

. 

> INITIALING 
SEQUENCE 

SYNCHRONOUS OPERATION 

mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a mode control input; following a RESET inputorfollowing 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter
pret the next "control write", which should immediately 
follow the reset, as a Mode Instruction. 

After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans
mission. Concurrently, the USART is ready to receive 
serial data. 

CID RD WR cs 
0 0 1 0 USART - Data Bus 
0 1 0 0 Data Bus - USART 
1 0 1 0 Status - Data Bus 
1 1 0 0 Data Bus - Control 
x x x 1 Data Bus - 3-State x 1 0 
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MODE CONTROL CODES 

The COM 8251A interprets mode control codes as illus
trated in Figures 2 and 3. 

Control code bits 0and1 determinewhethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits 0 and 1 specifies asynchronous operation and de
fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. 

For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each data character. In the case of a programmed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are "don't care" when writing data 
to the USART and will be "zeros" when reading data. Rx 
data will be rig ht justified onto DO and the LSB forTxdata 
is DO. 

For synchronous and asynchronous modes, bits 4 and 5 

determine whether there will be a parity bit in each char
acter, and if so, whether odd or even parity will be adopted. 
Thus in synchronous mode a character will consistoffive, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, a preceeding 
start bit, plus 1, 1112 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 

Control code bits 6 and 7 in asynchronous mode determine 
how many stop bits will trail each data unit. 11/2 stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 

In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization is specified; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 

COMMAND WORDS 

Command words are used to initiate specific functions 
within the COM 8251A such as, "reset all error flags" or 
"start searching for sync". Consequently, Command 
Words may be issued by the processor to the COM 8251A 
at any time during the execution of a program in which 

specific functions are to be initialized within the com
munication circuit. 

Figure 4 shows the format for the Command Word. 

Figure 4. COM 8251A Control Command 

7 6 5 4 3 2 O~BitNo. 

I I l I I I I J J 
• • • • • t:= 
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TxEN 
1 = Enable transmission 
0 = Disable transmission 

DTR 
1 = OTA output is forced to 0 

RxE 
1 = Eriable RxRDY 
0 =Disable RxRDY 

SBRK 
1 = TxD is forced low 
0 = Normal operation 

ER 
1 =Resets all error flags in 

Status register (PE. OE. FE) 

ATS 
1 = ATS output is forced to O 

IA 
1 =Reset format 

EH 
1 = Enter HUNT mode 



Figure 2. Synchronous Mode Control Code. 

7 6 5 4 3 2 o....-BitNo. 

0 0 

~~ 

L=Syncmode 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

--------- 0 =Parity disable, 1 =Parity enable 

...._ _________ 0 =Odd parity, 1 = Even parity 

...._ ___________ 0 = SYNDET output 
1 = SYNDET input 

0 = 2 SYNC characters ...._ ____________ 1 = 1 SYNC character 

Figure 3. Asynchronous Mode Control Code. 

7 6 5 4 3 2 O~BitNo. 

~~ 

L_ 00 Invalid (SYNC mode) 
01 Async mode, 1 X Baud rate factor 
10 Async mode, 16X Baud rate factor 
11 Async mode, 64X Baud rate factor 

00 5 bits per character 
.__ ______ 01 6 bits per character 

10 7 bits per character 
11 8 bits per character 

.__--------0 =Parity disable, 1 =Parity enable 

-----------0 =Odd parity, 1 =Even parity 

00 Invalid 
_____________ 01 1 stop bit 
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10 11/2 stop bits 
11 2 stop bits 
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Bit 0 of the Command Word is the Transmit Enable bit 
(TxEN). Data transmission for the COM 8251A cannot 
take place unless TxEN is set (assuming CTS = 0) in the 
command register. The TX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRDY combines 
to control transmitter operations. 

Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active 
(low). DTR is used to advise a modem thatthedata terminal 
is prepared to accept or transmit data. 

Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxR DY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 

Figures. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 

TxEN TxE TxRDY 
1 1 1 Transmit Output Register and Transmit Character Buffer empty. 

TxD continues to mark if COM 8251A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 

0 Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 

O Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 

O O Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 

0 0/1 0/1 Transmitter is disabled. 

Bit 3 is the Send Break Command bit (SBRK). When SBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous bi nary "O" level, (spacing) is app I ied to the TxD 
output signal. The break will continue until a subsequent 
Command Word is sent to the COM 8251A to removeSBRK. 

Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251A. 
No latch is provided in the Command Register to save the 
ER command bit. 

Bit 5, the Request To Send Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the communication line through 
TxD regardless of the status of RTS. 

Bit 6, the Internal Reset (IR), causes the COM 8251A to 

return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the COM 8251A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all "ones", and start searching for 
the prescribed sync pattern. Once the "Enter Hunt" mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, or when SYNC characters are recognized. 
Parity is not checked in the EH mode. 

STATUS REGISTER 

totally equivalent to the TxRDY output pin, the relationship 
is as follows: 

TxRDY (status bit)= Tx Character Buffer Empty 

The Status Register maintains information about the 
current operational status of the COM 8251A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. TxRDY (pin 15) = Tx Character Buffer Empty • CfS • TxEN 

TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251A can accept a new 
character for transmission. The TxRDY status bit is not 
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RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 



Figure 6. The COM 8251A Status Register 

7 6 5 4 3 2 

TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU thatthe 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary "1" bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 

OE is the receiver Overrun Error. OE is set whenever a byte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 

FE (Async only) is the character framing error which in
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format ("O" stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 

Note: 
1. While operating the receiver it is important to realize 

that the RxE bit of the Command Instruction only in
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 

2. ER should be performed whenever RxE of EH are pro
grammed. ER resets all error flags, even if RxE = 0. 

O~BitNo. 

SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 

DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 

All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
command or the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
operation. 

Many of the bits in the status registerarecopiesofexternal 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tcv periods. 

3. The USART may provide faulty RxR DY for the first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). A dummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opration has been established. 

4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................ 0°C to +70°C 
Storage Temperature Range .......................................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec) ........................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ................................•................ +8.0V 
Negative Voltage on any Pin, with respect to ground ................................................ -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these at any other condition above those indicated in the operational 
sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 
voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this 
possibility exists it is suggested that as clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee= +SV ±5%, unless otherwise noted) 

SYMBOL I PARAMETER I MIN., MAX. UNIT I TEST CONDITIONS 

D.C. Characteristics 

VrL Input Low Voltage --0.3 0.8 v 
VrH Input High Voltage 2.0 Vee v 
VOL Output Low Voltage 0.45 v loL=2.2 mA 

VoH Output High Voltage 2.4 v loH=-400µA 

IOFL Output Float Leakage ±10 µA Vour =Vee TO 0.45V 

lrL Input Leakage ±10 µA VrN =Vee TO 0.45V 

Ice Power Supply Current 100 mA All Outputs= High 

.Capacitance TA= 25°C, Vee= GND 

CrN I Input Capacitance 

I I 
10 pF I fc=1MHz 

C110 1/0 Capacitance 20 pF Unmeasured pins returned to GND 

A.C. Characteristics 
Bus Parameters (Note 1) 
Read Cycle: 

tAR Address Stable Before READ (CS, C/D) 0 ns Note2 

tRA Address Hold Time for READ (CS, C/D) 0 ns Note2 

tRR READ Pulse Width 250 ns 

tRO Data Delay from READ 200 ns Note 3, CL= 150 pF 

toF READ to Data Floating 10 100 ns 

Write Cycle: 

tAW Address Stable Before WRITE 0 ns 

twA Address Hold Time for WRITE 0 ns 

tww WRITE Pulse Width 250 ns 

tow Data Set Up Time for WRITE 150 ns 

two Data Hold Time for WRITE 0 ns 

tRV Recovery Time Between WRITES 6 tcv Note4 

Other Timings: 

tcv Clock Period .320 1.35 µs Notes5, 6 

t.1> Clock High Pulse Width 120 tev--,90 ns 

t¢ Clock Low Pulse Width 90 ns 
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SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

tR, tF Clock Rise and Fall Time 5 20 ns 

toTx TxD Delay from Falling Edge of TxC 1 µs 

ts Rx Rx Data Set-Up Time to Sampling Pulse 2 µs 

tHRx Rx Data Hold Time to Sampling Pulse 2 µs 

frx Transmitter Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

hPW Transmitter Input Clock Width 
1X Baud Rate 12 tcv 

16X and 64X Baud Rate 1 tcv 

tTPD Transmitter Input Clock Pulse Delay 
1X Baud Rate 15 tcv 

16X and 64X Baud Rate 3 tcv 

fRx Receiver Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

tRPW Receiver Input Clock Pulse Width 
1X Baud Rate 12 tcv 

16X and 64X Baud Rate 1 tcv 

tRPD Receiver Input Clock Pulse Delay 
1X Baud Rate 15 tcv 

16X and 64X Baud Rate 3 tcv 

hxRDY TxRDY Pin Delay from Center of last Bit 8 tcv Note? 

hxRDY CLEAR TxRDY I from Leading Edge of WR 150 ns Note? 

tRxRDY RxRDY Pin Delay from Center of last Bit 24 tcv Note? 

tRxRDY CLEAR RxRDY I from Leading Edge of RD 150 ns Note? 

tis Internal SYNDET Delay from Rising 
24 tcv Note? Edge of RxC 

tES External SYNDET Set-Up Time Before 
16 tcv Note? Falling E.dge of RxC 

hxEMPTY TxEMPTY Delay from Center of Data Bit 20 tcv Note? 

twc Control Delay from RisiQ.g_Edge of 
8 tcv Note? WRITE (TxEn, DTR, RTS) 

tcR Control toREADSet-UpTime(DSR, CTS) 20 tcv Note? 

NOTES: 1. AC timings mfillsured VoH = 2.0, VoL= 0.8,j!nd with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 
3. Assumes that Address is valid before Roi. 
4. This recovery time is tor RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 

Writes for Asynchronous Mode is 8 tcv and for Synchronous Mode is 16 tcv. 
5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1X Baud Rate, frx or fRx :5 1/(30 tcv) 
For 16X and 64X Baud Rate, frx or fRx :5 1/(4.5 tcv) 

6. Reset Pulse Width= 6 tcv minimum; System Clock must be running during RESET. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

2V 

Figure 1. 

Typical Ll Output 
Delay Versus 

Ll Capacitance (pF) 

TEST LOAD CIRCUIT 
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WAVEFORMS 

System Clock Input 

CLOCK o 

Transmitter Clock & Data 

'fiC (1x MOOE) 

ra (16xMOOEI 

Tx DATA 

--J i:=•orx 1orx --J C ===x ~ -------x= 

Rx DATA 

RxC (1x MODE) 

RxC (16xMODE) 

INT SAMPLING 
PULSE 

Receiver Clock & Data 

(Rx BAUD COUNTER STARTS HERE) 

START BIT 

---tRPO 

~I 'o 
ISRX -------=i +--- IHRX ---j 

188 

DATA BIT DATA BIT 



Write Data Cycle (CPU - USART) 

TxRDY 

I H tTxRDY CLEAR 

w.i ---------~~~~~~~~~-

1--- tow -:j two 

DATA STABLE 
DON'T CARE 

DATA IN (D.B.) ----------< 
DON'T CARE 

CID 

Read Data Cycle (CPU .__ USART) 

RxRDY 

I H--IRxRDY CLEAR 

1 
RB -----------1r-tRR-- ,------

-11 1-tRD -

____ D_AT_A_F_;;L..;..OA_T ___ --+--<11 DATA OUT ACTIVE 

1-toF 
DATA FLOAT 

DATA OUT ID.B.) 

Write Control or Output Port Cycle (CPU - USART) 

OTA.ATS-------------------.,-------

!NOTE :1) -----------------' ~'-------

DATAINID.B.I ----------<1 
'------+-----+---' 

NOTE :1: Twc INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 
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Tx EMPTY 

Read Control or Input Port (CPU - USART) 

DsR,CTS -----~r-----------------
(NOTE :11 -----J ;--------------------

___ l-=-•C_R~_jL_tRR-1,----
~ fi== Yi 

-f.l 1- tRD 

DATA OUT -----------+-<• (D.B.) .._ _____ ..._, 

NOTE :1: TcR INCLUDES THE EFFECT OF ffi ON THE TxENBL CIRCUITRY. 

Transmitter Control & Flag Timing (ASYNC Mode) 

ITxEMPTY --J,_r ___ ~ 
l'-----+---ei 

Tx READY ------.:i 
(STATUS BIT) 

Tx READY 
(PIN) -----ei 

CID 

TxDATA 

DATA CHAR 1 DATACHAR2 DATACHAR3 

EXAMPLE FORMAT• 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 

Receiver Control & Flag Timing (ASYNC Mode) 

EXAMPLE FORMAT• 7 BIT CHARACTER WITH PARITY & 2 STOP BITS 
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Transmitter Control & Flag Timing (SYNC Mode) 

T• READY ---+--
(STATUSBITI 

T.11. AEAOY 
!PINI 

EXAMPLE FORMAT• 5 BIT CHAAACTER WITH PARITY, 2 SYNC CHARACTERS 

Receiver Control & Flag Timing (SYNC Mode) 

SYNOET 
(PININOTE.:1 ----------~ 

SYNOET tS.BJ 

OVERRUN 

ERROR IS.Bl -----------+-------4--+----

All ROY (PIN) 

CID 

Ax CLOCK 

NOTE INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE EXTERNAL SYNC. 5 BITS, WITH PARITY 
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APPLICATION OF THE COM8251A 

Asynchronous Serial Interface to CRT Terminal, 
DC to 9600 Baud Synchronous Interface to Terminal or Peripheral Device 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

Asynchronous Interface to Telephone Lines Synchronous Interface to Telephone Lines 

ASYNC 

BAUD 
RATE 

GENERATOR 

35Marcu5Blvd.Ha.Jppaioe,NY11788 
(516)273-3100 TWX-510-227-8898 

PHONE 
LINE 

INTER 
FACE 

1 
TELEPHONE 

LINE 

COM8251A Interface to µP Standard System Bus 

'i: ADDRESS BUS J 
Ao 

~ CONTROL BUS J 
1/0 R i70W RESET 

\_ DATA BUS :1i 
0 

8 

v 
c/6 ~ D,-00 lili" Wll RESET CLK 

COMl251A 

SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

I 
TELEPHONE 

LINE 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

f 

COM9004 

IBM 3274/3276 
Compatible COAX Receiver/Transmitter 

FEATURES PIN CONFIGURATION 

D Conforms to the IBM 3270 Interface Display 
System Standard Vee [ 1 

>;:J 
40 GND 

D Transmits and Receives Manchester II Code GND 2 39 T10 
TP 3 38 T9 

D Detects and Generates Line Quiesce, Code T9S 37 TBMT 

Violation, Sync, Parity, and Ending Sequence RDE 36 TDS 
DO 35 N1c• 

(Mini Code Violation) D1 34 DLOOP 

D Multi Byte or Single Byte Transfers 
02 33 TI:i 
D3 

,~o~ 
ro 

D Double Buffer Receiver and Transmitter D4 TC 
05 11 30 RD 

D Separate Data and Status Select 06 12 29 ALO OP 
D7 13 28 RSSE 

D Operates at 2.3587 MHz R9 14 27 BCLK 

D TTL Compatible Inputs and Outputs 
R10 15 26 RDA 

SWE 16 25 CVD 

0 COPLAMOS® n-Channel Silicon Gate RP 17 
~~ ~ RTA 

SCLK 18 DA 
Technology vbb 19 22 vdd 

GND 20 21 MR 

*Internally connected. Not for external use. 

GENERAL DESCRIPTION 

The COM 9004 is an MOS/LSI circuit which may be used 
to facilitate high speed data transmission. The COM 9004 
is fabricated using SMC's patented COPLAMOS® tech
nology and may be used to implement an interface between 
IBM 3274/3276 compatible control units and 3278/3287/ 
3289 compatible terminal units. The receiver and transmit
ter sections of the COM 9004 are separate and may be used 
independently of each other. 

ros 

T9S 
T9 

T10 
TP 

00 
01 
02 
03 
04 
05 
06 
07 

ROE 

R9 
R10 
RTA 

TBMT 
DA 

evo 

SWE 
BeLK 
SeLK 
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The COM 9004 generates and detects the line quiesce, code 
violation, parity, and mini code violation bit patterns. 

The on-chip parity logic is capable of generating and 
checking either even or odd parity for the entire 1 Obit data 
word. In addition, parity may be generated for the least sig
nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 
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ORGANIZATION 
The COM 9004 is organized into 9 major sections. Com
munication between each section is achieved via internal 
data and control busses. 

transmit circuitry. It also generates the Line Quiesce, Code 
Violation, sync bits and Mini Code Violation patterns. 

Transmitter Shift Register 
Transmitter Holding Register 
The transmit holding register is a 12 bit latch. This latch is 
loaded with the transmit data and parity generation infor
mation from the system bus. 

The transmitter shift register is an 11 bit parallel to serial 
shift register. It accepts data from the transmitter holding 
register and the parity generation logic and converts it into 
serial form for transmission. 

Tri-State Buffers Receive Control/Parity Check 
These buffers allow gating of the COM 9004's status word 
onto the system data bus. 

This logic checks the received character for the specified 
parity and ensures that no Transmit Check conditions 
occurred. It also handles the self test mode and generates 
a strobe when the complete data word is received. 

Bus Transceiver 
The bus transceiver allows bi-directional data transfer 
between the system data bus and the transmit and receive 
holding registers. 

Receiver Shift Register 
This logic is a serial to parallel shift register that converts 
the received information into a 10 bit data word and RTA 
status bit. 

Parity Generator 
This logic determines and generates the correct parity for 
the data in the transmitter holding register. Receiver Holding Register 

Transmitter Control 
This logic generates signals required to enable external 

This register holds the assembled data word until it is read 
by the processor. 

PINNO. NAME 
6-13 Transmit/ 

Receive Data 
Bits 

4 Transmit Bit 9 
Select 

38 Transmit Bit 9 

39 Transmit Bit 1 O 
3 Transmit Parity 

18 System Clock 

36 Transmitter 
Data Strobe 

26 Reset Data 
Available 

16 Status Word 
Enable 

23 Receive Data 
Available 

25 Code Violation 
Detected 

37 Transmit Buffer 
Empty 

14 Receive Bit 9 
15 Receive Bit 10 
24 Receiver Turn-

around 

5 Receive Data 
Enable 

17 Receiver 
Parity 

DESCRIPTION OF PIN FUNCTIONS 
Processor Related Signals 

SYMBOL FUNCTION 
D0-07 Bidirectional: 8 bit, three state data port used to transfer data between the COM 

9004 and the processor. 
DO is the first bit transmitted. 

T9S Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 
this pin causes T9 to determine the !}pe of_E._arity_ bitgenerated for bits D0-07. 

T9 Input: 1.f T9S is low, this supplies transmit bit 9. If T9S is high, then T9 low forces 
odd parity and T9 high forces even parity to be generated for D0-07. In this case 
the parity_ bit_g_enerated is transmit bit 9. 

T10 11')£_ut: This _E!n s~ies transmit bit 10. 
TP Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin 

causes odd parity and a high level on this pin causes even parity to be generated 
for bits 1-1 O. The parity_ bit_g_enerated is transmit bit 11. 

SCLK Input: This signal is used to synchronize the COM 9004. The transmitter is loaded 
and started on the low to high transition of SCLK if TDS is low. DA is reset on the 
low to hig_h transition of SCLK if RDA is low. 

TDS Input: This input and SCLK are used to load the transmitter holding register and 
start the transmit se_g_uence. Code Violation Detect (CVD) is reset at this time. 

RDA Input: This input and SCLK are used to reset DA. 

SWE Input: A low level at this pin e.nables the status word buffer outputs (DA, CVD, 
TBMT, R9, R10, and RTA). A high level on SWE places the status word buffer 
outputs in a hig_h impedance state. 

DA This three-state output signal is at a high level when an entire word has been 
received and transferred into the receiver buffer register. It is only set if a Transmit 
Check Condition did not occur. 

CVD This three-state output signal is at a high level if a valid Code Violation was 
detected at the receiver since the last time the transmitter was loaded. It is reset 
when the transmitter is loaded. 

TBMT This three-state output signal is at a high level when the transmit holding register 
may be loaded with new data. 

R9 This three-state output sl_g_nal is receiver data bit 9. 
R10 This three-state output signal is receiver data bit 10. 
RTA This three-state output signal is set to a high level when a valid Mini Code 

Violation is detected. It is only set if a Transmit Check did not occur. It is reset 
when the transmitter is loaded. 

ROE Input: A low level enables the outputs of the receive data register D0-07. 

RP Input: This input determines whether the entire received word will be checked for 
even or odd parity. A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity. This input has an internal pull-up 
resistor. 
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DESCRIPTION OF PIN FUNCTIONS (cont.) 

PIN NO. NAME SYMBOL FUNCTION 
29 Analog A LOOP Input: A low level on this pin disables the receiver except when the transmitter 

Loop back is active. A high level on this pin and DLOOP will cause the receiver to be 
disabled while the transmitter is active. 
ALOOP is used to allow loop-back through the line drivers and receivers. This 
inQ_ut has an internal_g_ull-u_Q_ resistor. 

34 Digital DLOOP Input: A low level on this pin disables the receiver except when the transmitter 
Loop back is active. TG is forced to a high level to disable the external coax driver. Data 

input to the receiver is internally wrapped from the transmitter data output. 
This in_g_ut has an internal_e._ull-u_Q_ resistor. 

21 Master Reset MR lnfcut: This input should be pulsed low after power-on. This si~nal resets DA to 
a ow level and sets TG and TBMT to a high level. This input as an internal 
_pull-up. 

1 Su_E_Qly Volt~e . Vee +5 volt su.E.e!i'._ 
22 SUQPJy_ Volt~e vdd +12 volt su.E.e!i'._ 
19 Supply Voltage vbb -12 volt su.E.e!i'._ 

2,20,40 Ground GND GROUND 

Device Related Signals 

PIN NO. NAME SYMBOL FUNCTION 
27 Baud Rate BCLK This input is a clock whose frequency is 8 times the desired transmitter and 

Clock receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input 
is not TTL compatible. 

33 Transmit Data TD Output: Serial data from the transmitter. This signal is a biphase Manchester II 
encoded bit stream. This output is hlg_h when no data is being transmitted. 

31 Transmit Clock TC The Transmit Clock output is 112 the frequency of BCLK. It is synchronized with 
TD and used to provide external pre-distortion timin_g_. 

30 Receive Data RD Input: Accepts the serial biphase Manchester II encoded bit stream. 
32 Transmit Gate TG Output: This signal is low during the time that the transmit data is valid. TG is 

used to turn on the external transmit circuit~ 
28 Receive RSSE Input: A high level on this pin enables an internal digital single shot on RD. This 

Single Shot limits a high level on RD to 3 clock times. Also when high it will cause the 
Enable receiver not to detect a valid Code Violation. A low level disables the single shot 

causi'!9_ no resh~i'!9_ of the RD input si9_nal. 

COM 9004 OPERATION 
The COM 9004 consists of a receiver section that converts 
Manchester II phase encoded serial data to parallel data 
and a transmitter section that converts parallel data to 
Manchester II phase encoded serial data. 

after a line Quiesce, Code Violation and sync bit have been 
detected by the receiver. It is reset when the transmitter of 
the COM 9004 is asserted. By examining this signal, the 
processor can determine whether a timeout orTransmit Check 
condition caused a receiver error. Receiver 

Message transfers must conform to the IBM 3270 protocol 
in order for the COM 9004 to acknowledge them. 

The received message is checked for the Code Violation 
sequence (start sequence) bit pattern, preceding the first 
data word, and Mini Code Violation (end sequence) following 
the last data word. 

The data word consists of 1 O data bits, a sync bit and a parity 
bit. 

The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled it is transferred and held in the holding register 
until another data word is assembled. The 13th bit is inverted 
and presented to the bus or RTA (receiver turn-around). 
Therefore RTA is set high on the last word of a message 
and is reset when the transmitter is loaded with the response 
or on the rising edge of SCLK if RDA is held low. 

Once the data word is in the holding register and parity is 
correct the data available (DA) status signal is set high. 

The Code Violation Detect signal (CVD) goes active high 
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The receive input is sampled at 8 times the data rate. The 
receiver logic is brought into bit synchronization during the 
Line Quiesce pattern. Once the Code Violation following 
the Line Quiesce is detected, the receiver is brought into bit 
and word synchronization. The internal receiver clock is 
adjusted after each transition to compensate for jitter and 
distortion in the received data signal. 

Transmitter 
The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity generator. 
The firmware initiates a transmit sequence by strobing TDS 
low. The data is loaded into the holding register on the rising 
edge of SCLK while TDS is low. Nine bits of data (DO-D7 
and T10) are transferred without change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 

After the processor loads the transmit holding register with 
data, status signal TBMT is driven inactive low until the COM 
9004 transfers the data from the transmit holding register 
to the transmit shift register. After the transfer, TBMT is driven 
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high. The processor should not try to load data into the COM 
9004 while TBMT is low. When initiating a data transmissiqn, 
the COM 9004 automatically transmits a Line Quiesce 
pattern and a Code Violation. The data is then shifted out 
of the shift register with a sync bit (1) inserted before the 
data word, and a parity bit appended after the data word. 

If a new word is loaded into the COM 9004 before the parity 
bit of the previous word has been transmitted, a sync bit (1) 
followed by the new data bits is transmitted. If not, after the 
COM 9004 transmits the last data word (no more transmit 
sequences are started), a sync bit (0) and a Mini Code 
Violation is appended to the end of the message. 

Output TG goes active low one-half bit cell time before the 
first Line Quiesce character is output. It is made inactive 
(high) during the transmission of the Mini Code Violation. 

Diagnostic Modes 
NORMAL OPERATJON (ALOOP AND DLOOP HIGH) 
Internal read data signal follows the RD input as long as the 
COM 9004's transmitter is off. The receiver will be disabled 
while the transmitter is active. 

ANALOG LOOPBACK (ALOOP LOW AND DLOOP HIGH) 
The internal read data signal follows the RD input as long 
as the COM 9004's transmitter is active. 

DIGITAL LOOPBACK ALOOP HIGH AND DLOOP LOW) 
The internal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) The output TG is disabled in digital loopback mode. 

DISABLE RECEIVER (ALOOP AND DLOOP LOW) 
The internal read data signal is held low and output TG 
is disabled. 

MESSAGE FORMATS 

Single Byte Transmission 
COAX LINE CODE SYNC 
IDLE QUIESCE VIOLATION BIT 

Multiple Byte Transmission 

COAX LINE CODE SYNC 
IDLE QUIESCE VIOLATION BIT 

PARITY SYNC DATAN 
BIT .......... BIT (10 BITS) 

Bits on the coax appear as positive and negative going 
pulses. A positive pulse to negative pulse transition in the 
middle of the bit cell is interpreted as a logical 'O'. A negative 
pulse to positive pulse transition in the middle of a bit cell is 

Line Quiesce Pattern 

I I 
I I 
I I 
I I 
I I I 
I I I I 

'--' I __ I 
I I 
I one bit I 

time 

The Line Quiesce pattern consists of five contiguous logical 
ones. It establishes an equilibrium condition on the coax 
following line turnaround. 

DATA PARITY ENDING COAX 
(10BITS) BIT SEQUENCE IDLE 

DATA 1 PARITY SYNC DATA2 
(10 BITS) BIT BIT (10 BITS) 

PARITY ENDING COAX 
BIT SEQUENCE IDLE 

interpreted as a logical '1 '. A predistortion pulse is generated 
for every pulse transition from an up to down level or a down 
to up level. 

I 
I 
I 
I 
I I 
I I 
l __ I 
I 
I 
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Code Violation Pattern 

I 
1 I __ I 
I I I 
I I I 
I I I 
I l ____ I I 

I ,--
last "1" I code violation 
of line-
quiesce 

The Code Violation pattern is a bit sequence containing 
no mid-bit time level transition in two of its three bit 
cells. It is a unique pattern that violates the encoding 
rules and indicates the start of valid data. 

Mini Code Violation Pattern 

bit times: 11 

last data 
byte 

12 

p 

"1" 
or 

"O" 

The Mini Code Violation (MCV) pattern is a bit 
sequence containing no mid-bit time level transition 
in either of its bit cells. It is a unique code that violates 
the encoding rules and indicates the end of valid 
transmit data. 

Transmit Check 
A Transmit Check is defined as follows: 

1) A logical zero sync bit in the ending sequence not 
followed by a Mini Code Violation. 

2) Loss of a level transition at the mid-bit time during 
other than a normal ending sequence. 

3) A transmission parity error. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°c to + 70°C 
Storage Temperature Range ........................................................................ - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground ........................................................ + 18.0V 
Negative Voltage on any 1/0 Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 
Power Dissipation .......................................................................................... o. 75W 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench 
power supply programmed to deliver + 12 volts may have large voltage transients when the AC power is switched on and off. If this 
possibility exists it is suggested that a clamp circuit be used. 

DCELECTRICALCHARACTERISTICS(TA = 0°Cto70°C, Vee= +5V ±5%, V00 = +12V ±5%, Vss = -12V ±5%) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
INPUT VOLTAGE 

v,L Low -0.3 .8 v 
v,H High 2.0 Vee v (Except BCLK) 
v,H High 4.3 Vcc+.3 v (BCLK on_!y) 

OUTPUT VOLTAGE 
V0 L Low .4 loL = 2.0 mA 
V0 H High 2.4 loH = -.25 mA 

POWER SUPPLY CURRENT 
Ice 70 mA All outputs = VoH 
loo 16 mA 
lss 5 mA 

INPUT LEAKAGE CURRENT 
All input pins .01 mA v,N =Oto Vee 

CAPACITANCE 
C,N 10 pf (Except BCLK) 
C,N 35 pf (BCLKonly) 

ACELECTRICALCHARACTERISTICS(TA = 0°Cto70°C, Vee= +5V ±5%, V00 = +12V ±5%, V68 = -12V ±5%) 

PARAMETER MIN TYP MAX UNIT CONDITIONS 
Clock Frequency 

BcLK 7 18.8696 18.9 MHz 
ScLK DC 4.7474 5 MHz 

Clock Width 
tSKH SCLKHigh 80 ns 
tSKL SCLKLow 80 ns 
tBKH BCLK High 20 ns 
tBKH BCLK Low 20 ns 
t, BCLK rise time 6 ns 
tF BCLK fall time 6 ns 

tRDO ADE to Data Valid Delay 50 ns 
tsoo SWE to Data Valid Delay 50 ns 
toF Data Read to Bus Float 50 ns 

tos Data Setup Time 100 ns 
toH Data Hold Time 0 ns 

tOAV DA to receive data -100 100 ns 
validdel~ 

tTc TC clock period 106 ns 
truLo TC to TG low delay -53 30 ns 
truHo TC to TG high del'a' 30 ns 
trns Transmit data to T 10 ns 

setup time 
tTDH Transmit data to TC 20 ns 

hold time 
to TBMT active to de-active 200 ns 

tooc TBMTcycle 3.2 µS 
too TBMT de-activated 1 2 µS 
toss TDSset up 100 200 ns 
tosH TDS hold 0 100 ns 
tMR MR _e_ulse width 300 ns 
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MR 
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DA-----1 
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TBMT _J 
1~ 
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TBMT I 
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SWE 
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STANDARD MICROSYSTEMS 
CORPORATION 

35MarcusBlvd.~NY11788 
(516)273.3100 TWX·Sl0-2278898 

TYPICAL COAX INTERFACE 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1. 

COM9026 

Local Area Network Controller 
LANC™ 

FEATURES 
D 2.5 M bit data rate 

D ARCNET*local area network controller 

D Modified token passing protocol 

D Self-reconfiguring as nodes are added or 
deleted from network 

D Handles variable length data packets 

D 16 bit CRC check and generation 

D System efficiency increases with network 
loading 

D Standard microprocessor interface 

D Supports up to 255 nodes per network 
segment 

D Ability to interrupt processor at conclusion of 
commands 

D Interfaces to an external 1 K or 2K RAM buffer 
D Arbitrates buffer accesses between processor 

and COM 9026 

D Replaces over 100 MSl/SSI parts 

D Ability to transmit broadcast messages 

D Compatible with broadband or baseband 
systems 

D Compatible with any interconnect media 
(twisted pair, coax, etc.) 

D Arbitrary network configurations can be used 
(star, tree, etc.) 

D Single + 5 volt supply 

GENERAL DESCRIPTION 

The COM 9026 is a special purpose communications adapter 
for interconnecting processors and intelligent peripherals 
using the ARC NET local area network. The ARCNET local 
area network is a self-polling "modified token passing" net
work operating at a 2.5 M bit data rate. A "modified token 
passing" scheme is one in which all token passes are 
acknowledged by the node accepting the token. The token 
passing network scheme avoids the fluctuating channel 
access times caused by data collisions in so-called CSMA/ 
CD schemes such as Ethernet. 

The COM 9026 circuit contains a microprogrammed se
quencer and all the logic necessary to control the token 
passing mechanism on the network and send and receive 
data packets at the appropriate time. A maximum of 255 
nodes may be connected to the network with each node 
being assigned a unique ID. 
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The COM 9026 establishes the network configuration, and 
automatically re-configures the network as new nodes are 
added or deleted from the network. The COM 9026 per
forms address decode, CRC checking and generation, and 
packet acknowledgement, as well as other network man
agement functions. The COM 9026 interfaces directly to the 
host processor through a standard multiplexed address/ 
data bus. 

An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum length of 508 bytes 
per message. The RAM buffer is accessed both by the pro
cessor and the COM 9026. The processor can write com
mands to the COM 9026 and also read COM 9026 status. 
The COM 9026 will provide all signals necessary to allow 
smooth arbitration of all RAM buffer operations. 
*ARCNET is a registered trademark of the Datapoint Corporation. 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 
PINNO. NAME SYMBOL FUNCTION 

31,32,35 ADDRESS 10, A10,A9,AB These three output signals are the three most significant bits of the RAM buffer 
9,B address. These signals are in their high impedance state except during COM 

9026 access cycles to the RAM buffer. A 10 and A9 will take on the value nn as 
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or 
from page nn and should be viewed as page select bits. For packets less than 
256 bytes a 1 K buffer can be used with AB unconnected. For packets greater 
than 256 bytes, a 2K buffer is needed with AB connected. 

21, 22, 23, ADDRESS/ AD7-ADO These B bidirectional signals are the lower B bits of the RAM buffer address and 
24, 25, 26, DATA 7-0 the B bit data path in and out of the COM 9026. ADO is also used for 1/0 command 

27,2B decoding of the processor control or status commands to the COM 9026. 
B l/OREQUEST IOREQ This input signal indicates that the processor is requesting the use of the data bus 

to receive status information or to issue a command to the COM 9026. This signal 
is sampled internally on the falling edge of AS. 

9 MEMORY MREQ This input signal indicates that the processor is requesting the use of the data bus 
REQUEST to transfer data to or from the RAM buffer. This signal is sampled internally on the 

falling edge of AS. 
7 READ/WRITE R/W A high level on this input signal indicates that the processor's access cycle to the 

COM 9026 or the RAM buffer will be a read cycle. A low level indicates that a 
write cycle will be performed to either the RAM buffer or the COM 9026. The write 

I 
cycle will not be completed, however, until the DWR input is asserted. This signal 
is an internal transparent latch gated with AS. 

10 ADDRESS AS This input sign.£] is used by the COM 9026 to sample the state of the IOREQ, 
STROBE MREQ and R/W inputs. The COM 9026 bus arbitration is initiated on the falling 

edge of this signal. 
11 REQUEST REQ This output signal acknowledges the fact that the processor's 1/0 or memory 

cycle has been sampled. The signal is equal to MREQ or IOREQ passed through 
an internal transparent latch gated with AS. 

12 WAIT WAIT This output signal is asserted by the COM 9026 at the start of a processor access 
cycle to indicate that it is not ready to transfer data. WAIT returns to its inactive 
state when the COM 9026 is ready for the processor to complete its cycle. 

6 DELAYED DWR This input signal informs the COM 9026 that valid data is present on the proces-
WRITE so r's data bus for write cycles. The COM 9026 will remain in the WAIT state until 

this signal is asserted. DWR has no effect on read cycles. If the processor is able 
to satisfy the write data setup time, it is recommended that this signal be 
grounded. 

29 INTERRUPT INTR This output signal is asserted when an enabled interrupt condition has occured. 
REQUEST INTR returns to its inactive state by resetting the interrupting status condition or 

the corresponding interrupt mask bit. 
1B INTERFACE ILE This output signal, in conjunction with ADIE, gates the processor's address/data 

LATCH bus (PAD7-PADO) onto the interface address/data bus (IAD7-IADO) during the 
ENABLE data valid portion of a Processor Write RAM or Processor Write COM 9026 

operation. 
14 ADDRESS/ ADIE This output signal enables the processor's address/data bus (PAD7-PADO) cap-

DATA INPUT tu red by AS or ILE onto the interface address/data bus (IAD7-IADO). 
ENABLE 

13 ADDRESS AIE This output signal enables the processor's upper 3 address bits (PA 10-PAB) onto 
INPUT the interface address bus (IA10-IAB). 
ENABLE 

15 LATCH L This output signal latches the interface address/data bus (IAD7-IADO) into a latch 
which feeds the lower B address bits of the RAM buffer during address valid time 
of all RAM buffer access cycles. 

17 WRITE WE This output signal is used as a write pulse to the external RAM buffer. Data is ref-
ENABLE erenced to the trailing edge of WE. 

16 OUTPUT OE This output signal enables the RAM buffer output data onto the interface 
ENABLE address/data bus (IAD7-IADO) during the data valid portion of all RAM buffer 

read operations. 
33 ID LOAD IDLD This output signal synchronously loads the value selected by the ID switches into 

an external shift register in preparation for shifting the ID into the COM 9026. The 
shift register is clocked with the same signal that feeds the COM 9026 on pin 19 
(CLK). The timing associated with this signal and IDDAT (pin 34) is illustrated in 
figure 19. 

34 ID DATA IN IDDAT This input signal is the serialized output from the external ID shift register. The ID 
is shifted in most significant bit first. A high level is defined as a logic "1 ". 

1, 3 EXTENDED ET2, ET1 The levels on these two input pins specify the timeout durations used by the COM 
TIMEOUT 9026 in its network protocol. Refer to the section entitled "Extended Timeout 
FUNCTION2, Function" for details. 
1 

37 TRANSMIT TX This output signal contains the serial transmit data to the CABLE 
DATA TRANSCEIVER. 

3B RECEIVE RX This input signal contains the serial receive data from the CABLE 
DATA TRANSCEIVER. 
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DESCRIPTION OF PIN FUNCTIONS (Continued) 

PINNO. NAME SYMBOL FUNCTION 
4,5 TESTPIN2 TEST2 These input pins are grounded for normal chip operation. These pins are used in 

TEST PIN 1 TEST1 conjunction with ET2 and ET1 to enable various internal diagnostic functions 
when performing chip level testi~g. 

30 ECHO ECHO When this input signal is low, the COM 9026 will re-transmit all messages of 
DIAGNOSTIC length less than 254 bytes. This input should be tied hi9h for normal chip opera-
ENABLE tion and is only utilized when performing chip level testing. 

19 CLOCK CLK A continuous 5 MHz clock input used for timing of the COM 9026 bus cycles, bus 
arbitration, serial ID input, and the internal timers. 

2 CA CA This input signal is a 5 MHz clock used to control the operation of the COM 9026 
microcoded sequencer. This input is periodically halted in the high state by the 
DSYNC output. 

36 DELAYED DSYNC This output signal is asserted by the COM 9026 to cause the external clock gen-
SYNC erator logic to halt the CA clock. Refer to figure 9. 

40 POWER ON POR This input signal clears the COM 9026 microcoded sequencer pro~am counter 
RESET to zero and initializes various internal control flags and status bits. he POR sta-

tus bit is also set which causes the INTR output to be asserted. Repeated asser-
tion of this signal will degrade the performance of the network. 

39 +5VOLT Vee Power Supply 
SUPPLY 

20 GROUND GND Ground 

PROTOCOL DESCRIPTION 

LINE PROTOCOL DESCRIPTION 
The line protocol can be described as isochronous because 
each byte is preceded by a start interval and ended with a 
stop interval. Unlike asynchronous protocols, there is a con
stant amount of time separating each data byte. Each byte 
will take up exactly 11 clock intervals with a single clock inter
val being 400 nanoseconds in duration. As a result, 1 byte is 
transmitted every 4.4 microseconds and the time to transmit 
a message can be exactly determined. The line idles in a 
spacing (logicO) condition. A logic 'O' is defined as no line activity 
and a logic 1 is defined as a pulse of 200 nanoseconds dura
tion. A transmission starts with an ALERT BURST consisting 
of 6 unit intervals of mark (logic 1). Eight bit data characters 
are then sent with each character preceded by 2 unit intervals 
of mark and one unit interval of space. Five types of transmis
sion can be sent as described below: 

Invitations To Transmit 
An ALERT BURST followed by three characters; an EOT 
(end of transmission-ASCII code 04 HEX) and two 
(repeated) DID (Destination IDentification) characters. This 
message is used to pass the token from one node to another. 

Free Buffer Enquiries 
An ALERT BURST followed by three characters; an ENO 
(ENQuiry-ASCll code 05 HEX) and two (repeated) DID 
(Destination IDentification) characters. This message is used 
to ask another node if it is able to accept a packet of data. 

Data Packets 
An ALERT BURST followed by the following characters: 

- an SOH (start of header-ASCII code 01 HEX) 
-a SID (Source IDentification) character 
-two (repeated) DID (destination IDentification) 

characters. 
-a single COUNT character which is the 2's comple

ment of the number of data bytes to follow if a "short 
packet" is being sent or 00 HEX followed by a COUNT 
character which is the 2's complement of the number 
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of data bytes to follow if a "long packet" is being sent. 
-N data bytes where COUNT = 256-N (512-N for a "long 

packet") 
-two CRC (Cyclic Redundancy Check) characters. The 

CRC polynomial used is X16 + X15 + X2 + 1. 

Acknowledgements 
An ALERT BURST followed by one character; an ACK 
(ACKnowledgement-ASCll code 06 HEX) character. This 
message is used to acknowledge reception of a packet 
or as an affirmative response to FREE BUFFER 
ENQUIRIES. 

Negative Acknowledgements 
An ALERT BURST followed by one character; a NAK (Neg
ative AcKnowledgement-ASCI I code 15 HEX). This mes
sage is used as a negative response to FREE BUFFER 
ENQUIRIES. 

NETWORK PROTOCOL DESCRIPTION 
Communication on the network is based on a "modified token 
passing" protocol. A "modified token passing" scheme is 
one in which all token passes are acknowledged by the node 
receiving the token. Establishment of the network config
uration and management of the network protocol are han
dled entirely by the COM 9026's internal microcoded 
sequencer. A processor or intelligent peripheral transmits 
data by simply loading a data packet and its destination ID 
into the RAM buffer, and issuing a command to enable the 
transmitter. When the COM 9026 next receives the token, 
it verifies that the receiving node is ready by first transmit
ting a FREE BUFFER ENQUIRY message. If the receiving 
node transmits an ACKnowledge message, the data packet 
is transmitted followed by a 16 bit CRC. If the receiving node 
cannot accept the packet (typically its receiver is inhibited), 
it transmits a Negative AcKnowledge message and the 
transmitter passes the token. Once it has been established 
that the receiving node can accept the packet and trans
mission is complete, the receiving node will verify the packet. 



If the packet is received successfully, the receiving node 
transmits an acknowledge message (or nothing if it is 
received unsuccessfully) allowing the transmitter to set the 
appropriate status bits to indicating successful or unsu
cessful delivery of the packet. An interrupt mask permits 
the COM 9026 to generate an interrupt to the processor when 
selected status bits become true. Figure 3 is a flow chart 
illustrating the internal operation of the COM 9026. 

NETWORK RECONFIGURATION 
A significant advantage of the COM 9026 is its ability to adapt 
to changes on the network. Whenever a new node is acti
vated or deactivated a NETWORK RECONFIGURATION 
is performed. When a new COM 9026 is turned on (creating 
a new active node on the network), or if the COM 9026 has 
not received an INVITATION TO TRANSMIT for 840 milli
seconds, it causes a NETWORK RECONFIGURATION by 
sending a RECONFIGURE BURST consisting of eight marks 
and one space repeated 765 times. The purpose of this burst 
is to terminate all activity on the network. Since this burst is 
longer than any other type of transmission, the burst will 
interfere with the next INVITATION TO TRANSMIT, destroy 
the token and keep any other node from assuming control 
of the line. It also provides line activity which allows the COM 
9026 sending the INVITATION TO TRANSMIT to release 
control of the line. 

When any COM 9026 sees an idle line for greater than 78.2 
microseconds, which will only occur when the token is lost, 
each COM 9026 starts an internal time out equal to 146 
microseconds times the quantity 255 minus its own ID. It 
also sets the internally stored NID (next ID representing the 
next possible ID node) equal to its own ID. If the timeout 
expires with no line activity, the COM 9026 starts sending 
INVITATIONS TO TRANSMIT with the DID equal to the 
currently stored NID. Within a given network, only one COM 
9026 will timeout (the one with the highest ID number). After 
sending the INVITATION TO TRANSMIT, the COM 9026 
waits for activity on the line. If there is no activity for 74.7 

microseconds, the COM 9026 increments the NID value and 
transmits another INVITATION TO TRANSMIT using the new 
NID equal to the DID. If activity appears before the 74.7 
microsecond timeout expires, the COM 9026 releases con
trol of the line. During NETWORK RECONFIGURATION, 
INVITATIONS TO TRANSMIT will be sent to all 256 possi
ble ID's. Each COM 9026 on the network will finally have 
saved a NID value equal to the ID of the COM 9026 that 
assumed control from it. From then until the next NET
WORK RECONFIGURATION, control is passed directly 
from one node to the next with no wasted INVITATIONS TO 
TRANSMIT sent to ID's not on the network. When a node 
is powered off, the previous node will attempt to pass it the I 
token by issuing an INVITATION TO TRANSMIT. Since this 
node will not respond, the previous node will time out and _ 
transmit another INVITATION TO TRANSMIT to an incre
mented ID and eventually a response will be received. 

The time required to do a NETWORK RECONFIGURA
TION depends on the number of nodes in the network, the 
propagation delay between nodes and the highest ID 
number on network but will be in the range of 24 to 61 
milliseconds. 

BROADCAST MESSAGES 
Broadcasting gives a particular node the ability to transmit 
a data packet to all nodes on the network simultaneously. 
ID zero is reserved for this feature and no node on the net
work can be assigned ID zero. To broadcast a message, 
the transmitting node's processor simply loads the RAM 
buffer with the data packet and sets the destination ID (DID) 
equal to zero. Figure 8 illustrates the position of each byte 
in the packet with the DID residing at address 01 HEX of 
the current page selected in the TRANSMIT command. Each 
individual node has the ability to ignore broadcast mes
sages by setting the most signficant bit of the ENABLE 
RECEIVE TO PAGE nn command (see ''WRITE COM 9026 
COMMANDS") to a logic zero. 

• • ~ ' \ ~ 11:i. ,, • ~ "' ' , , •• I 

COM 9026 OPERATION 
BUFFER CONFIGURATION 
During a transmit sequence, the COM 9026 fetches data 
from the Transmit Buffer, a 256 (or 512) byte segment of the 
RAM buffer. The appropriate buffer size is specified in the 
DEFINE CONFIGURATION command. When long pack
ets are enabled, the COM 9026 will interpret the packet as 
a long or short packet depending on whether the contents 

FIGURES- ADDRESS 
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of buffer location 02 is zero or non zero. During a receive 
sequence, the COM 9026 stores data in the receive buffer, 
also a 256 (or 512) byte segment of the RAM buffer. The 
processor 1/0 command which enables either the COM 9026 
receiver or the COM 9026 transmitter also initializes the 
respective buffer page register. The formats of the buffers 
(both 256 and 512 byte)are shown below. 

ADDRESS 

COUNT 

511 

FORMAT 

SID 

DID 

COUNT=512-N 

NOT 
USED 

DATA BYTE 1 

DATABYTE2 

DATA BYTE N-1 

DATABYTEN 

LONG PACKET 
(512 BYTE PAGE) 

N =DATA PACKET LENGTH 
SID= SOURCE ID 
DID= DESTINATION ID 

(0 FOR BROADCASTS) 



POWER ON 

SET TA 

SETTMA 

• The ID set by the external switches is continually sampled during COM 9026 operation 
- ID refers to the identification number assigned to this node 
- NID refers to the next identification number receiving the token from this ID 
- SID = source identification 
- DID =destination identification 
- SOH = start of header character; preceeds all data packets 

FIGURE 3-9026 OPERATION 
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PROCESSOR INTERFACE 
Figure 2 illustrates a typical COM 9026 to processor inter
face. The signals on the left side of this figure represent typ
ical processor signals with a 16 bit address bus and an 8 bit 
data bus with the data bus multiplexed onto the lower 8 
address lines (PAD7-PADO). The processor sees a net
work node (a node consists of a COM 9026, RAM buffer, 
cable transceiver, etc. as shown in figure 2) as 2K memory 
locations and 4 1/0 locations within the COM 9026. 

The RAM buffer is used to hold data packets temporarily 
prior to transmission on the network and as temporary stor
age of all received data packets directed to the particular 
node. The size of the buffer can be as large as 2K byte loca
tions providing four pages at a maximum of 512 bytes per 
page. For packet lengths smaller than 256 bytes, a 1 KRAM 
buffer can be used to provide four pages of storage. In this 
case address line IA8 (sourced from either the COM 9026 
or the processor) should be left unconnected. Since four 
pages of RAM buffer are provided, both transmit and receive 
operations can be double buffered with respect to the pro
cessor. For instance, after one data packet has been loaded 
into a particular page within the RAM buffer and a transmit 
command for that page has been issued, the processor can 
start loading another page with the next message in a multi
message transmission sequence. Similarly, after one mes
sage is received and completely loaded into one page of 
the RAM buffer by the COM 9026, another receive com
mand can be issued to allow reception of the next packet 
while the first packet is read by the processor. In general, 
the four pages in the RAM buffer can be used for transmit 
or receive in any combination. In addition, the processor 

CLK~ 

will also use the interface bus (IA 1 O-IA8, IAD7-IADO) when 
performing 1/0 access cycles (status reads from the COM 
9026 or command writes to the COM 9026). 

To accomplish this double buffering scheme, the RAM buffer 
must behave as a dual port memory. To allow this RAM to 
be a standard component, arbitration and control on the 
interface bus (IA10-IA8, IAD7-IADO) is required to permit 
both the COM 9026 and the processor access to the RAM 
buffer and, at the same time, permit all processor 1/0 oper
ations to or from the COM 9026. 

Processor access cycle requests begin on the trailing edge 
of AS if either IOREQ or MREQ is asserted. These access 
cycles run completely asynchronous with respect to the COM I 
9026. Because of this, upon processor access cycle 
requests, the COM 9026 immediately puts the processor -
into a wait state by asserting the WAIT output. This gives 
the COM 9026 the ability to synchronize and control the 
processor access cycle. When the processor access cycle 
is synchronized by the COM 9026, the WAIT signal is even-
tually removed allowing the processor to complete its cycle. 

For processor RAM buffer access cycles, AIE and ADIE 
enable the processor address captured during AS time onto 
the !!lterface address bus (IA10-IA8, IAD7-IADO). The sig-
nal L will capture the 8 least significant bits of this address 
(appearing on IAD7-IADO) before the data is multiplexed 
onto it. At the falling edge of L, a stable address is pre
sented to the RAM buffer. For read cycles, OE allows the 
addressed RAM buffer data to source the interface address/ 
data bus (IAD7-IADO). In figure 2, this information is passed 
into a transparent latch gated with WAIT At the falling edge 
of WAIT, the data accessed by the processor is captured 

~000 

AS~r-~~~~~~~~~~~~~~~~~~ 

PA15-8~ ~ 

PAD7-0~~>------'x RAMDour X'------------J:~ 
MREQ ==sm rm :=no 

REQ ~ t--'\ffi 
RD 

\.._ __ _,/ 
AIE --------4).-

FIGURE 4-PROCESSOR READ RAM FOLLOWED BY COM 9026 READ RAM 
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and driven out via the logic function RD anded with REQ. 
For Q!:Q_cessor 110 read cycles from the COM 9026, ADIE 
and AIE are used to enable the processor address into the 
COM 9026. Data out of the COM 9026 is gated through the 
transparent latch and appears on the processor's data bus 
with the same control signals used for RAM read cycles. 

For processor write cycles, after the falling edge of [, the 
COM 9026 produces a WE (write enable) output to the RAM 
buffer, and the ILE output from the COM 9026 allows the 
processor data to source the interface address/data bus 
(IAD7-IADO). At this time the COM 9026 waits for DWR 
before concluding the cycle by removing the WAIT output. 
DWR should only be used if the processor cannot deliver 
the data to be written in enough time to satisfy the write setup 
time requirements of the RAM buffer. By delaying the acti
vation of DWR, the period of the write cycle will be extended 
until the write data is valid. Since the architecture and oper
ation of the COM 9026 requires periodic reading and writ
ing of the RAM buffer in a timely manner, holding the DWR 
input off for a long period of time, or likewise by running the 
processor at a slow speed, can result in a data overflow 
condition. It is therefore recommended that if the processor 
write data setup time to the RAM buffer is met, then the DWR 
input should be grounded. 

For processor 1/0 write cycles to the COM 9026, ADIE and 
AIE are used to enable the processor's address onto the 
interface data bus. ILE is used to enable the processor's 
write data into the COM 9026. Delaying the activation of 
DWR will hold up the COM 9026 cycle requiring the same 
precautions as stated for Processor RAM Write cycles. 

CLK 

As stated previously, processor requests occur at the fall
ing edge of AS if either IOREQ or MREQ are active. COM 
9026 requests occur when the transmitter or receiver need 
to read or write the RAM buffer in the course of executing 
the command. If the COM 9026 requests a bus cycle at the 
same time as the processor, or shortly after the processor, 
the COM 9026 cycle will follow immediately after the pro
cessor cycle. Figure 4 illustrates the timing relationship of 
a Processor RAM Read cycle followed by a COM 9026 RAM 
read cycle. Once the AS signal captures the processor 
address to the RAM buffer and requests a bus cycle, it takes 
4 CLK periods for the processor cycle to end. Figure 4 breaks 
up these 4 CLK periods into 8 half clock interval labeled 1 P 
through SP. A COM 9026 access cycle will take 5 CLK periods 
to end. Figure 4 breaks up these 5 CLK periods into 1 o half 
intervals labeled 1C through 10C. 

If a processor cycle request occurs after a COM 9026 request 
has already been granted, the COM 9026 cycle will occur 
first, as shown in figure 5. Figure 5 illustrates the timing 
relationship of a COM 9026 RAM Write cycle followed by a 
Processor RAM Write cycle. Due to the asynchronous nature 
of the bus requests (AS and CLK), the transition from the 
end of the COM 9026 cycle to the beginning of the proces
sor cycle might have some dead time. Refering to figure 5, 
if AS falling edge occurs after the start of half CLK interval 
9C, no real contention exists and it will take between 200 
and 500 nanoseconds before the processor cycle can start. 
The start of the processor cycle is defined as the time when 
the COM 9026 produces a leading edge on both ADIE and 
AIE. If the processor request occurs before the end of half 

~000 

AS ___ _, ~~~~~~~~-~ 
PA15-8 ____ _.X.._....;H..;;..l.:...;;AD;;;..;;D;.;.;R;.__ ________________ ------l!~ 

PAD?-0 _____ X,_L_O_A_DD_R_,~ .... P_R_O_C_ES_S_OR_W_Rl_TE_D_A_TA _______ X ____ :::=::x::== 
R/W, MREQ ___ ...,;\u\\J.\.1....-__ _./u.f.1...f ________________ ___,_~l;=n.o 

REO ___ ......_u ~ 
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FIGURE 5-COM 9026 WRITE RAM FOLLOWED BY PROCESSOR WRITE RAM 
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CLK interval SC (figure 5 illustrates this situation), then the 
processor cycle will always start at half CLK interval 1 P. The 
uncertainty is introduced when the processor request occurs 
during half CLK intervals 6C, 7C or BC. In this case, the 
processor cycle will start between 200 and 500 nanose
conds later depending on the particular timing relation 
between AS and CLK. The maximum time between pro
cessor request and processor cycle start, which occurs when 
the processor request comes just after a COM 9026 request, 
is 1300 nanoseconds. It should be noted that all times 
specified above assume a nominal CLK period of 200 
nanoseconds. 

Figures 6 and 7 illustrate timing for Processor Read COM 
9026 and Processor Write COM 9026 respectively. These 
cycles are also shown divided into 8 half clock intervals (1 P 
through BP) and can be inserted within figures 4 and 5 if 
these processor cycles occur. 

POWER UP AND INITIALIZATION 
The COM has the following power up requirements: 

1-The POR input must be active for at least 100 
milliseconds. 

2-The CLK input must run for at least 1 O clock cycles before 
the POR input is removed. 

3-While POR is asserted, the CA input may be running or 
held high. If the CA input is running, POR may be 
released asynchronously with respect to CA. If the CA 
input is held high, POR may be released before CA 
begins running. 

During POR the status register will assume the following 
state: 

BIT 7 (RI) set to a logic "1 ". 
BIT 6 (ETS2) not affected 
BIT 5 (ETS1) not affected 
BIT 4 (POR) set to a logic "1 ". 
BIT 3 (TEST) set to a logic "O". 

CLK~~ 
AS~'-i----------
PA15·8~~----------

IA10·8 ------~l--{ HI ADDA 

IAD7·0-------1.~~ 

WAIT ____ _,r '"-----
ADTE~ 

A1E --------<~~ I 

FIGURE 6-PROCESSOR READ COM 9026 
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BIT 2 (RECON) set to a logic "O". 
BIT 1 (TMA) set to a logic "O". 
BIT O (TA) set to a logic "1 ". 

In addition the DSYNC output is reset inactive high and the 
interrupt mask register is reset (no maskable interrupts 
enabled). Page 00 is selected for both the receive and the 
transmit RAM buffer. After the POR signal is removed, the 
COM 9026 will generate an interrupt from the nonmaskable 
Power On Reset interrupt. The COM 9026 will start oper
ation four CA clock cycles after the POR signal is removed. 
At this time, the COM 9026, after reading its ID from the 
external shift register, will execute two write cycles to the 
RAM buffer. Address 00 HEX will be written with the data I 
D1 HEX and address 01 HEX will be written with the ID 
number as previously read from the external shift register. _ 
The processor may then read RAM buffer address 01 to 
determine the COM 9026 ID. It should be noted that the data 
pattern D1 written into the RAM has been chosen arbitrar-
ily. Only if the D1 pattern appears in the RAM buffer can 
proper operation be assured. 

CLOCK GENERATOR 
The COM 9026 uses two separate clock inputs namely CA 
and CLK. The CLK input is a 5 MHz free running clock and 
the CA input is a start/stop clock periodically stopped and 
started to allow the COM 9026 to synchronize to the incom
ing data that appears on the RX input. 

Figure 9 illustrates the timing of the CA clock generator and 
its relationship to the DSYNC output and the RX input. The 
DSYNC output is used to control the stopping of the CA clock. 
On the next rising edge of the CA input after DSYNC is 
asserted, CA will remain in the high state. The CA clock 
remains halted in the high state as long as the RX signal 
remains high. When the RX signal goes low, the CA clock 
is restarted and remains running until the next falling 
edge of DSYNC. (See figure 20 for an implementation of 
this circuit.) 

CLK~~ 
AS~~f----------~ 
PA15·8~f--'"--------

PAD7·0 ~~PROCESSOR WRITE DATA 

R W. IOREO ~ rrr:'" 
WR \-H~--------'r--

R EO _Jj]J l, 

IA10·8 ---------i...ll-{ HI ADDA 

FIGURE 7-PROCESSOR WRITE COM 9026 
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FIGURE 9-CA CLOCK GENERATOR TIMING 

EXTENDED TIMEOUT FUNCTION 

There are three timeouts associated with the COM 9026 
operation. 

Response Time 
This timeout is equal to the round trip propagation delay 
between the 2 furthest nodes on the network plus the max
imum turn around time (the time it takes a particular COM 
9026 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology. For a typical system using RG62 coax 
in a baseband system, a one way cable propagation delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 3 uses a value of 74.7 microsec
onds (31+31+12+margin) to determine if any node 
will respond. 

Idle Time 
This time is associated with a NETWORK RECONFIGUR
ATION. Refering to figure 3, during a NETWORK RE
CONFIGURATION one node will continually transmit INVI
TATIONS TO TRANSMIT until it encounters an active node. 
Every other node on the network must distinguish between 
this operation and an entirely idle line. During NETWORK 
RECONFIGURATION, activity will appear on the line every 
78 microseconds. This 78 microsecond is equal to the 
response time of 74.7 microseconds plus the time it takes 
the COM 9026 to retransmit another message (usually 
another INVITATION TO TRANSMIT). The actual timeout 
is set to 78.2 microseconds to allow for margin. 

Reconfiguration Time 
If any node does not receive the token within this time, the 
node will initiate a NETWORK RECONFIGURATION. 

The ET2 and ET1 inputs allow the network to operate over 
longer distances than the 4 miles stated earlier. DC levels 
on these inputs control the maximum distances over which 
the COM 9026 can operate by controlling the 3 timeout val
ues described above. Table 1 illustrates the response time 
and reconfiguration time as a function of the ET2 and ET1 
inputs. The idle time will always be equal to the response 
time plus 3.5 microseconds. It should be noted that for proper 
network operation, all COM 9026's connected to the same 
network must have the same response time, idle time and 
reconfiguration time. 
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RESPONSE RECONFIGURATION 
ET2 ET1 TIME (µs) TIME (ms) 

1 1 74.7 840 
1 0 283.4 1680 
0 1 561.8 1680 
0 0 1118.6 1680 

TABLE 1 
COM 9026 INTERNAL PROGRAMMABLE 

TIMER VALUES 

1/0 COMMANDS 
110 commands are executed by activating the IOR~ input. 
The COM 9026 will interrogate the ADO and the R/W inputs 
at the AS time to execute commands according to the fol
lowing table: 

!OREO ADO R/W FUNCTION 

low low low write interrupt mask 
low low high read status register 
low high low write COM 9026 command 
low high high reserved for future use 

READ STATUS REGISTER 

Execution of this command places the contents of the sta
tus register on the data bus (AD7-ADO) during the read por
tion of the processor's read cycle. The COM 9026 status 
register contents are defined as follows: 

BIT 7-Receiver inhibited (Rl)-This bit, if set high, indi
cates that a packet has been deposited into the RAM 
buffer page nn as specified by the last ENABLE 
RECEIVE TO PAGE nn command. The setting of 
this bit can cause an interrupt via INTR if enabled 
during a WRITE IN"FERRUPT MASK command. No 
messages will be received until an ENABLE 
RECEIVE TO PAGE nn command is issued. After 
any message is received, the receiver is automat
ically inhibited by setting this bit to a logic one. 

BIT 6-Extended Timeout Status 2 (ETS2)-This bit re
flects the current logic value tied to the ET2 input pin 
(pin 1). 

BIT 5-Extended Timeout Status 1 (ETS1)-This bit re
flects the current logic value tied to the ET1 input pin 
(pin 3). 



BIT 4-Power On Reset (POR)-This bit, if set high, indi
cates that the COM 9026 has received an active 
signal on the POR input (pin 40). The setting of this 
bit will cause a nonmaskable interrupt via INTR. 

BIT 3-Test (TEST)-This bit is intended for test and diag
nostic purposes. It will be a logic zero under any 
normal operating conditions. 

BIT 2-Reconfiguration (RECON)-This bit, if set high, 
indicates that the reconfiguration timer has timed 
out because the RX input was idle for 78.2 micro
seconds. The setting of this bit can cause an inter
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK command. The bit is reset low during a 
CLEAR FLAGS command. 

BIT 1-Transmit Message Acknowledged (TMA)-This bit, 
if set high, indicates that the packet transmitted as 
a result of an ENABLE TRANSMIT FROM PAGE 
nn command has been positively acknowledged. 
This bit should only be considered valid after the 
TA bit (bit 0) is set. Broadcast mesages are never 
acknowledged. 

BIT 0-Transmitter Available (TA)-This bit, if set high, 
indicates that the transmitter is available for trans
mitting. This bit is set at the conclusion of a ENA
BLE TRANSMIT FROM PAGE nn command or upon 
the execution of a DISABLE TRANSMITTER com
mand. The setting of this bit can cause an interrupt 
via INTR if enabled by the WRITE INTERRUPT 
MASK command. 

WRITE INTERRUPT MASK 

The COM 9026 is capable of generating an interrupt signal 
when certain status bits become true. A write to the MASK 
register specifies which status bits can generate the inter
rupt. The bit positions in the MASK register are in the same 
position as their corresponding status bits in the STATUS 
register with a logic one in a bit position enabling the cor
responding interrupt. The setting of the TMA, EST1, and 
EST2 status bits will never cause an interrupt. The POR 
status bit will cause a non-maskable interrupt regardless of 
the value of the corresponding MASK register bit. The MASK 
register takes on the following bit definition: 

BIT? BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 

RECEIVE RECON TRANSMITTER 
INHIBIT XXX XXX XXX XXX TIMER XXX AVAILABLE 

The three maskable status bits are anded with their respec
tive mask bits, and the results, along with the POR status 
bit, are or'ed to produce the processor interrupt signal INTR. 
This signal returns to its inactive low state when the inter
rupting status bit is reset to a logic "O" or when the corre
sponding bit in the MASK register is reset to a logic "O". To 
clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration occurance, the CLEAR FLAGS com
mand should be used. To clear an interrupt generated as a 
result of a completed transmission (TA) or a completed 
reception (RI), the corresponding masks bits should be reset 
to a logic zero. 

WRITE COM 9026 COMMANDS 

Execution of the following commands are initiated by performing a processor 1/0 write with the written data defining the 
following commands: 

WRITTEN DATA COMMAND 
00000000 reserved for future use 
00000001 DISABLE TRANSMITTER-This command will cancel any pending transmit command 

(transmission has not yet started) when the COM 9026 next receives the token. This com-
mand will set the TA (Transmitter Available) status bit when the token is received. 

00000010 DISABLE RECEIVER-This command will cancel any pending receive command. If 
the COM 9026 is not yet receiving a ~acket, the RI (Receiver Inhibited) bit will be set 
the next time the token is received. I packet reception is already underway, reception 
will run to its normal conclusion. 

OOOnn011 ENABLE TRANSMIT FROM PAGE nn-This command prepares the COM 9026 to 
begin a transmit sequence from RAM buffer page nn the next time it receives the 
token. When this command is loaded, the TA and TMA bits are set to a logic "0". The 
TA bit is set to a logic one upon completion of the transmit sequence. The TMA bit will 
have been set bt this time if the COM 9026 has received an acknowledgement from 
the destination OM 9026. This acknowledgement is strictly hardware level which is 
sent by the receiving COM 9026 before its controlling processor is even aware of 
message reception. It is also possible for this acknowledgement to get lost due to line 
errors; etc. This implies that the TMA bit is not a guarantee of proper destination 
reception. Refer to figure 3 for details of the transmit sequence and its relation to the 
TA and TMA status bits. 

b00nn100 ENABLE RECEIVE TO PAGE nn-This command allows the COM 9026 to receive 
data packets into RAM buffer page nn and sets the RI status bit to a logic zero. If "b" 
is a logic "1 ",the COM 9026 will also receive broadcast transmissions. A broadcast 
transmission is a transmission to ID zero. The RI status bit is set to a logic one upon 
successful reception of a mess'!9_e. 

ooooc101 DEFINE CONFIGURATION-If c is a logic "1 '; the COM 9026 will handle short as 
well as long packets. If c is a logic "O", the COM 9026 will only handle short packets 
(less than 254 bytes). 

000rp110 CLEAR FLAGS-If pis a logic "1" the POR status flag is cleared. If r is a logic "I", the 
RECON status fla_g_is cleared. 

All other combinations of written data are not permitted and can result in incorrect chip and/or network operation. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range ............................................................................. 0 to 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 to 150°C 
Lead Temperature (soldering, 10 seconds) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 325°C 
Positive Voltage on any pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 8V 
Negative Voltage on any pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee= 5.0V ± 5%) 

VIL 
VIH1 
VIH2 
VOL1 
VOL2 
VaH 
IL 
C,N 
Coe 
CL 
Ice 

PARAMETER MIN TYP 
input low voltage -0.3 
input high voltage 1 2.2 
input high voltage 2 Vee-0.5 
output low voltage 1 
output low voltage 2 
output high voltage (1) 2.4 
input leakage current 
input capacitance 
data bus capacitance 
all other capacitance 
power supply current 

r---------------------

L_ 

COM 
9026 ~ RXIN 

PULSE2 

~ ~ 
COM 

CA CA 9032 

RX RX OUT 

.TX TX osc 

CLK LANCLK 
IDDAT 

LS166 

••• 
c ••• L,11 

MAX UNITS COMMENTS 
0.8 v 
Vee v except CA and CLK 
6.5 v forCAorCLK 
0.4 v Im= 1.6 ma 
0.5 v loL =2.0 ma 

v 
:±:10 µA 
20 pf 
50 pf 
30 pf 
350 ma 

r-----------------------, 
I l.IK\1:W 

_ __ _J 

Circuitry inside dotted lines is contained in a hybrid 
module available from the following sources: 

Centralab, Inc. 
2601 South Moorland Road 
P.O. Box2145 
Milwaukee, WI 53201 

Part# Straight Lead Frame-71-0961-001 
Right Angle Frame-71-0961-002 

Micro-Technology, Inc. 
W141 N5984 Kaul Avenue 
Menomonee Falls, WI 53051 

Part# A60101 (specify straight or right 
angle frame) 

Zenith CRT & Components Operations 
100 Milwaukee Avenue 
Glenview, IL 60025 

Part# Straight Lead Frame-EG-A059101A 
Right Angle Frame-EG-A059102A 

FIGURE 20: TYPICAL SYSTEM IMPLEMENTATION 
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AC ELECTRICAL CHARACTERISTICS (TA= 0° to 70°C, v cc= 5.0V ± 5%) 

PARAMETER MIN TVP MAX UNITS COMMENTS 

tPW1 CLK pulse width 65 ns 
tPER1 CLK period 190 200 600 ns 
t0FF1 CLKofftime 65 ns 
tPW2 CA pulse width 60 ns 
tPER2 CA period 190 ns 
t0FF2 CA off time 60 100 300 ns 
tR CLK, CA rise time 20 ns 
tF CLK, CA fall time 20 ns 
t, width of addr. strobe 50 ns 
t2 REQ output delay 0 100 ns 
t3 WAIT assertion delay 0 200 ns 
t4 delay to rising edge 

of processor cycle tp 2tp+ 100 ns tp=tPER1 
ts data hold into COM 9026 80 ns 
ta setup COM 9026 data out 60 ns 
t, WE delay from CLK 0 100 ns 
ta TX on delay from CA 10 150 ns 

falling edge 
tg TX off delay from CA 10 150 ns 

rising edge 
t10 AS period 712 tp ns tp = tPER2 
t,, DSYNC delay from CA 10 150 ns 

rising edge 
t,2 delay to wait off 20 100 ns 
t,3 DWR setup time 50 ns 
t,4 ILE delay from CLK 10 100 ns 
t,s processor addr. setup from ADIE, 50 ns 
t,6 processor command setupJime 125 ns 
t,, addr. enable setup ti~e to L 50 ns 
t,a addr. hold time from L 50 ns 
t,g strobe and data hold for read 20 ns 
t20 AD bus HI impedance to OEs 0 ns 
t21 delay of IDLD from CLK rising edge 0 120 ns 
t22 delay of IDDAT from CLK rising edge 0 50 ns 
t23 off delay from CLK rising edge 0 100 ns 
t24 addr. to RAM data valid 300 ns 
t25 OE setup to WAIT falling edge 140 ns 
t26 strobe & data hold for write 50 ns 
t27 addr. enable setup to WAIT 300 ns 
t28 ADIE to OE delay 40 ns 
t29 COM 9026 write data hold time 80 ns 
t3a OE to RAM data valid 0 140 ns 
t31 status setup to AS falling edge 50 ns 
t32 status hold from AS falling edge 50 ns 
t33 RX setup to CA rising edge 80 ns 
t34 RX hold time from CA rising edge 30 ns 
t35 POR active time 100 ms after Vee has been stable 

for time 13s, the minimum 
POR active time is 
10 cycles of CLK. 

The above timing information is valid for a worst case 40% to 60% duty cycle on CLK. All times are measured from the 50% point of 
the signals. 

FIGURE 10-
CLK, CA 
AC CHARACTERISTICS CLK 

CA 
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FIGURE 12-TRANSMIT AND RECEIVE TIMING 
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FIGURE 13-PROCESSOR WRITE RAM AC TIMING 
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FIGURE 14-PROCESSOR READ RAM AC TIMING 
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FIGURE 15-COM 9026 READ RAM AC TIMING 
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FIGURE 16-COM 9026 WRITE RAM AC TIMING 

215 



CLK/ 1C \ 2C I 3C \ 4C I 5C \ 6C 

11 

7C \ BC I 9C ~ 

AD?-0 JROCESSOR ADD~ r COM 9026 DATA OUT 

t,s 

k 

FIGURE 17-PROCESSOR READ COM 9026 AC TIMING 
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FIGURE 18-PROCESSOR WRITE COM 9026 AC TIMING 
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FIGURE 19-ID INPUT AC TIMING 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 

' 
COM9032 

COM9032 
Local Area Network Transceiver 

LANT 
FEATURES 
0 Reduces chip count for COM 9026 ARCNET* 

implementations by 6-8 TTL chips 

0 Performs all clock generation 
functions for the COM 9026 

0 Compatible with the COM 9026 

0 Provides line drive signals 
for transmission 

0 Converts incoming serial receive 
data to NRZ data format 

0 Generates two 4 MHz general purpose 
clocks 

GENERAL DESCRIPTION 

The COM 9032 local area network transceiver is a com
panion chip to the COM 9026 Local Area Network Control
ler (LANC) and will perform the additional functions 
necessary to allow simple interface to a transmission media 
for all ARC NET* (or equivalent) local area networks. Using a 
20 MHz input clock, the COM 9032 will produce two, 5 MHz 
clocks for the COM 9026. The first 5 MHz clock is free run
ning and will directly feed the CLK input of the COM 9026 
(pin 19). The second 5 MHz clock has start/stop capability 
which is controlled by the DSYNC output of the COM 9026 
(pin 36) and the received data input as required by the COM 
9026 (pin 2). Two additional 4 MHz free running clocks are 
also generated on the COM 9032 to allow operation of other 
logic, a microprocessor, or an LSI controller. 

During data reception, the COM 9032 will convert incom
ing serial receive data from the transmission media to NRZ 
form which will directly feed the RX input of the COM 9026 
(pin 38). During transmission, the COM 9032 converts 
the transmit data from the COM 9026 (TX, pin 37) into the 
waveforms necessary to drive opposite ends of the rf 
transformer used in the ARCNET* cable electronics shown 
in figure 2. 

* ARCNET is a registered trademark of the Datapoint 
Corporation. 
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PIN CONFIGURATION 

PULS2 Vee 

PULS1 INHTX 

BLNK TX 

CPUCLK CA 

CKSEL DSYNC 

TTLCLK RX OUT 

osc RXIN 

GND LANCLK 

14 

10 

+5V 

GND 

FIGURE 1: 
COM 9032 BLOCK DIAGRAM 
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Circuitry inside dotted lines is contained in a hybrid 
module available from the following sources: 

Centralab, Inc. 
2601 South Moorland Road 
P.O. Box 2145 
Milwaukee, WI 53201 

Part# Straight Lead Frame-71-0961-001 
Right Angle Fram~-71-0961-002 

Micro-Technology, Inc. 
W141 N5984 Kaul Avenue 
Menomonee Falls, WI 53051 

Part# A60101 (specify straight or right 
angle frame) 

Zenith CRT & Components Operations 
100 Milwaukee Avenue 
Glenview, IL 60025 

Part# Straight Lead Frame-EG-A059101A 
Right Angle Frame-EG-A059102A 

Lee•~I• TYPICAL COM 9032 INTERCONNECT 



DESCRIPTION OF PIN FUNCTIONS 
(Refer to figure 2) 

COM 9026 INTERFACE 
PINNO. NAME SYMBOL FUNCTION 

1, 2 PULSE2 PULS2 PULS2 and PULS1 are two nonoverlapRing negative pulses which occur every 
PULSE 1 PULS1 time the TX input is pulsed. PULS2 and PULS1 are used to feed an external 

driver as shown in figure 2. 
3 BLANK BLNK When used with the circuitry shown in figure 2, this output should be left uncon-

nected. The timing of this signal is shown in figure 4. 
10 RECEIVE IN RXIN This input is the recovered receive data from the network. For each dipulse 

appearing on the network, the comparator shown in figure 2 will produce a pas-
itive pulse which directly feeds this input. 

11 RECEIVE RX OUT This output is the NRZ data generated as a function of the RXIN pulse waveform 
OUT which direct!i'_ feeds the RX i~ut of the COM 9026 (pin 38). 

12 DELAYED DSYNC This active low input, which is asserted by the COM 9026, will halt the CA clock 
SYNC output. 

13 CA CA This output is a 5 MHz start/stop clock that is halted when DSYNC goes active 
low and restarted by a low signal on the RXOUT output. This clock is capable of 
driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 

14 TRANSMIT TX This input, which is asserted by the COM 9026, is the serial data transmitted by 
DATA the node. 

15 TRANSMIT INHTX This active low input inhibits the TX signal from initiating transmit signals by fore-
INHIBIT ing PULS1 and PULS2 to a high and BLNK to a low. This signal should be 

asserted during a power on reset condition. 

SYSTEM CLOCK INTERFACE 
PINNO. NAME SYMBOL FUNCTION 

4 CPU CLOCK CPUCLK This output is a 4 MHz free running clock capable of driving 130 pf with 30 nano-
second rise and fall times. It is identical to the TTLCLK input when CKSEL is 
high. When CKSEL is low, this output becomes the inversion of the signal that is 
fed into the TTLCLK input. 

5 CLOCK CKSEL This input selects the clock interface option for the TTLCLK and CPUCLK. When 
SELECT this signal is high, both the TTLCLK and CPUCLK are identical 4 MHz free run-

ning clock outputs which are generated from the 20 MHz input clock (OSC) via a 
divide by 5 frequency divider. When this input is low, the TTLCLK pin becomes an 
input and the CPUCLK output will produce the inversion of the signal appearing 
on TTLCLK input. 

6 TTL CLOCK TTLCLK This pin can be either an input or an output depending on the state of the 
CKSEL input. When CKSEL is high, a free running 4 MHz clock is ouput. When 
CKSEL is low, the pin becomes an input which drives an inverter that feeds the 
CPUCLK output. 

7 OSCILLATOR osc This input requires a 20 MHz clock. 
9 LOCAL AREA LANCLK This output will supply the free running 5 MHz clock to the COM 9026, pin 19. It is 

NETWORK capable of driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 
CLOCK 

8 GROUND GND Ground 
16 +5VOLT Vee Power Supply 

SUPPLY 

• w ff .. ,. 
FUNCTIONAL DESCRIPTION 

Transmit logic (refer to figures 2 and 4) 
The COM 9026, when transmitting data on TX, will pro

duce a negative pulse of 200 nanoseconds in duration to 
indicate a logic "1" and no pulse to indicate a JQgic "O". 
Refering to figure 4, a 200 nanosecond pulse on TX is con
verted to two, 100 nanosecond nonoverlap~lses 
shown as PULS1 and PULS2. The signals PULS1 and 
PULS2 are used to create a 200 nanosecond wide dipulse 
by driving opposite ends of the RF transformer shown in 
figure 2. 

duces a positive pulse for each dipulse received from the 
cable. These pulses are captured by the COM 9032 and are 
converted to NRZ data with the NRZ data bit boundaries 
being delayed by 5 OSC clock periods as shown in figure 
5. As each byte is received by the COM 9026, the CA clock 
is stopped by the COM 9026 (via DSYNC) until the first 
bit of the next byte is received which will automatically re
start the CA clock. The COM 9026 uses the CA clock to 
sample the N RZ data and these sample points are shown in 
figure 5. 

Typically, RXIN pulses occur at multiples of the transmis
sion rate of 2.5 MHz (400 nanoseconds). The COM 9032 
can tolerate distortion of plus or minus 100 nanoseconds 
and still correctly capture and convert the RXIN pulses to 
NRZformat. 

Receive logic (refer to figures 2 and 5) 
As each dipulse appears on the cable, it is coupled 

through the RF transformer, passes through the matched 
filter, and feeds the 751088 comparator. The 751088 pro-
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MAXIMUM GUARANTEED RATINGS* 

,Operating Temperature Range .................................................................................... 0°C to 70°C 
Storage Temperature Range ................................................................................... - 55° to 150°C 
Lead Temperature (soldering, 10 sec.) .................................................................................. 325°C 
Positive Voltage on any Pin ................................................................................................ + BV 
Negative Voltage on any Pin ............................................................................................ - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

DC ELECTRICAL CHARACTERISTICS (TA = 0°c to + 70°C, v cc = 5V ± 5%) 
PARAMETER MIN TYP MAX UNIT COMMENTS 
INPUT VOLTAGES 

V,H 2.0 v 
V,L 0.8 v 

OUTPUT VOLTAGES 
loH = - 0.4 mA, PULS1, PULS2, VOH1 4.0 v 
RXOUT and TTLCLK outputs. 

VaL1 0.4 v loH = 4.0 mA, PULS1, PULS2, 
RXOUT and TTLCLK outputs. 

VOH2 Vcc·0.5 v loH = - 0.1 mA, CPUCLK output. 
VaL2 0.4 v loL = 0.1 mA, CPUCLK output. 
VOH3 Vcc·0.5 v loH = - 0.1 mA, CA and LANCLK 

VOL3 0.4 v 
outputs. 
loL =0.4 mA, CA and !-ANCLK 
outputs. 

LEAKAGE CURRENT 
I,, 50 µA TTLCLK input with CKSEL low. 
l,2 10 µA all other inputs. 

INPUT CAPACITANCE 
C,N 30 _E! 

SUPPLY CURRENT 
Ice 20 mA at 20 MHz OSC fr~uen<2'.:_ 

AC CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT COMMENTS 
OSC Input 

tcv1 50 ns 
tCH1 20 ns 
tcL1 20 ns 

CA, LANCLK 
tcv2 200 ns 
tCH2 75 ns 
tCL2 75 ns-
tf2 20 ns 
tR2 20 ns 

TTLCLK 
tcv3 250 ns 
tCH3 110 ns 
tCL3 110 ns 

CPUCLK (CKSEL is high) 
tcY4 250 ns 
tCH4 110 ns 
tCL4 110 ns 
tf4 30 ns 
tR4 30 ns 
tocK 45 ns for CKSEL low. 

TRANSMIT TIMING 
tSTC 10 ns 
tsTO 10 ns 
tHTC 10 ns 
tHTO 10 ns 
tP1C 60 ns 
tp10 60 ns 
top 60 ns 
tP1W 2tcv1 ns 
twB tcv1 ns 
tP2W 2tcv1 ns 
tAST 40 ns 

RECEIVE TIMING 
tRS 10 ns 
tRW 10 ns 
too 70 ns 
tRO 5tcv1 +too ns 
ts so 10 ns 
tssc 20 ns 
tROW 400 ns 
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FIGURE 4: TRANSMIT TIMING PARAMETERS 

FIGURE 5: RECEIVE TIMING PARAMETERS 
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STANDARD MICROSYSTEMS 
CORPORATION, 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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~ Baud Rate Generator 

COM 5016 

COM 5016T(ll 

COM6026 .. 
COM5026T(tl 
COM.5036. 

..:: .· 

COM5036T.n> 

COM 5046 
.·. 

COM5046TOl 

Deacription. 
·Du.al Baud Rate Genera.tor · · 

Du.al Baud Ra.ta Genera.tor 
Single Ba.ud Rate Generator 

. .. 
SJngle Baud Rate Generator 
Dual Ba.ud Rate Generator 

. 

Du.al Baud Rate Genera.tor ·· ·. • 

. . ~· 
Single Baud Rate Generator . 
Single Baud Rate Generator · 

...'. 

1 
COM 8046 .. Single Ba.ud Rate Genera.tor 

I 
COM 8046TOl Single Ba.ud:aa.te Generator· 

COM8116 ' · .• Dual ·Baud Rate Generator 

COM 8116To> Dual Baud Rate Genera.tor . 
• ;c_ 

COM 8126 .. ··.. Sl.I1gle Ba.ud Ita.t<l .Generato;r 

COM 8126'1'0l Single Ba.ud ·Rate Generator 

COM 8136 Dual Baud Rate Genera.tor .. . . ... 
COM 8l36TOl . Duall3a:udRateGenerator 

COM 8146 
. 

Single Baud Rate Generator 
· ... ·.. .. . 

Single Ba.ud. Rate Generator 

' 1 'May be custom mask programmed 

On-chip oscillator or external 
frequency input 
External frequency input 
On-chip·oscillator or external 
frequency input 
External frequency input 
COM 5016 with a.ddit1onal 
output of input freque~+ 4 
COM 5016T W1th additional 

. ·output of input frequency + 4 
COM 5026 With additional 
output of input frequency + 4 
COM S026T with a.ddit1onal 
output of input frequency + 4 
32 baud rates; lX, 16X, 32X 
clock outputs; single +5 volt 
supply 

. COM 8046 With exte.rruil 
frequency input only 
Single +6 volt version of 
COM6016 . ·. · 

Single +6 volt ve:rsion of 
COM6016T 
Sl.ngle +6 volt version of 
COM5026 --
Single +5 volt version: of 
COM 5026T 
Single +6 volt versiC>n of 
COM6036 _ 
Single +6 volt version of 
COM 5036T .... · 

Single +e volt version of 
COM5046 
Single +6 volt versiori of 
COM 6046T. 
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Power 
Supplies 
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. +e .. +12 

+6,+12 
+5,+12 

+6, +12 

+s. +i2 

+6,+12 

+e 

t5 

+5 
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+6 

I .·· +5 

. 18DIP 225-226 

l8DIP '225·226 
14D!P 227-228 

14 DIP 227·228 
18 DlP 229-230 
...::. 
18 DlP 229-230 

14 DIP 231·232 

14 DIP 231·232 

16DIP 237·238 
.· 

16. DIP .. 237-238 

18DIP 239-240 

18 DIP 239-240 .. 
l4 DIP 241·242 

14.DIP .. 241·242 

18 DIP 243-244 

18.DIP 243·244 

l4DIP '246-246 

+e ···• 14D!P. 246·246 
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COM5016 
COM5016T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input XTAL/EXT1 1 
D Choice of 2 x 16 output frequencies +Sv 2 
D 16 asynchronous/synchronous baud rates 
D Direct UART /USRT I ASTRO/USYNRT 

fR 3 

compatibility 
D Full duplex communication capability 
D TTL, MOS compatibility 
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General Description 

The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 

The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016's. The frequency output is fed into the XTAUEXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 

The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic 
level inputs only. 

Description of Pin Fu~ctions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 Vee Power Supply + 5 volt supply 
3 fR Receiver Output This output runs at a frequency selected by the Receiver divisor 

Frequency select data bits. 
4-7 RA, Rs, Re, R0 Receiver-Divisor The logic level on these inputs, as shown in Table 1, selects the 

Select Data Bits receiver output frequency, fR. 
8 STR Strobe-Receiver A high level input strobe loads the receiver data (RA, Rs. Re. R0 ) into 

the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 Voo Power Supply + 12 volt supply 
10 NC No Connection 
11 GND Ground Ground 
12 STT Strobe- A high level input strobe loads the transmitter data (TA• Ts, TC• T 0 ) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

13-16 To, Tc, Ts, TA Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, fr. 

Select Data Bits 
17 fr Transmitter This output runs at a frequency selected by the Transmitter divisor 

Output select data bits. 
Frequency 

18 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 other polarity of the external input. 

For electrical characteristics, see page 233. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

COM5026 
COM5026T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Choice of 16 output frequencies XTAL/EXT1 1 
D 16 asynchronous/ synchronous baud rates 
D Direct UART/USRT/ ASTRO/USYNRT 

XTAL/EXT2 2 

com pa ti bi I ity 
D TTL, MOS compatibility 

ST 

A 
B 
c 
D 

XTAUEXT1 

XTAL 
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DECODE 
AND 
CONTROL 

+Sv 3 

NC 4 

GND 5 

NC 6 

+12v 7 

BLOCK DIAGRAM 
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CLOCK 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS' 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 

The COM 5026 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 

The COM 5026 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to (21s-1 ). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5026's. The frequency output is fed into the XT AL/EXT input on a subsequent device. In this way one crystal or 
input frequency may be used to generate numerous output frequencies. 

The COM 5026 can be driven by either an external crystal or TTL logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

XTAUEXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 other polarity of the external input. 

3 Vee Power Supply +5 volt Supply 

4,6,8 NC No Connection 

5 GND Ground Ground 

7 Voo Power Supply + 12 volt Supply 

9 ST Strobe A high-level strobe loads the Input Address (AA, As, Ac, Ao) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 

10-13 Ao. Ac. As. AA Input Address The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 

14 four Output This output runs at a frequency as selected by the Input Address. 
Frequency 

For electrical characteristics, see page 233. 
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COM5036 
COM5036T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input XTAL/EXT1 1 

D Choice of 2x16 output frequencies +5v 2 
D 16 asynchronous/ synchronous baud rates 
D Direct UART/USRT/ ASTRO/USYNRT 

fR 3 

RA 4 compatibility 
D Full duplex communication capability 
D High frequency reference output 
D TTL, MOS compatibility 

Rs 5 

Re 6 

Ro 7 

STR 8 

+12v 9 

BLOCK DIAGRAM 
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General Description 

The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider. is an N-channel COP
LAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 

The COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5036 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5036's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 

The COM 5036 can be driven by either an external crystal or TIL logic level inputs; COM 5036T is driven by TTL logic 
level inputs only. 

The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 Vee Power Supply + 5 volt supply 
3 fR Receiver Output This output runs at a frequency selected by the Receiver divisor 

Frequency select data bits. 
4-7 RA, Rs, Re, R0 Receiver-Divisor The logic level on these inputs, as shown in Table 1, selects the 

Select Data Bits receiver output frequency, fR. 
8 STR Strobe-Receiver A high level input strobe loads the receiver data (RA, Rs. Re, R0) into 

the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 Yoo Power Supply + 12 volt supply 
10 fx/4 fx/4 V4 crystal/ clock frequency reference output. 
11 GND Ground Ground 
12 STT Strobe- A high level input strobe loads the transmitter data (TA, Ts, Tc, T0) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

13-16 T0 , Tc, Ts, TA Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divider transmitter output frequency, fr. 

Select Data Bits 
17 fr Transmitter This output runs at a frequency selected by the Transmitter divisor 

Output select data bits. 
Frequency 

18 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 other polarity of the external input. 

For electrical characteristics, see page 233. 
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COM5046 
COM5046T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Choice of 16 output frequencies XTAUEXT1 1 
D 16 asynchronous/synchronous baud rates 
D Direct UART /USRT I ASTRO/USYNRT XTAUEXT2 2 

compatibility 
D High frequency reference output 
D TTL, MOS compatibility 
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ST 

A 

B 
c 
D 

XTAUEXT1 

XTAUEXT2 

XTAL 

~ CLOCK 
BUFFER 

FREQUENCY 
DECODE 
AND 
CONTROL 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

+4 

231 

,l 
+5v 

14 four 

13 A 

12 B 

11 c 
10 D 

9 ST 

8 fx/4 

+2 

J.. A 
GND +12v 

f OUT 

fx/4 

I 



GENERAL DESCRIPTION 

The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 

The COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs; 
as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 

The COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5046's. The frequency output is fed into the XTAUEXT input on a subsequent device. In this way one crystal or input 
frequency may be used to generate numerous output frequencies. 

The COM 5046 can be driven by either an external crystal or TIL logic level inputs; COM 5046T is driven by TIL logic 
level inputs only. 

The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAUEXT input frequency. 

Pin No. Symbol 

XTAUEXT1 

2 XTAUEXT2 

3 Vee 

4,6 NC 

5 GND 

7 Voo 

8 fx14 

9 ST 

10-13 Ao. Ac. As. AA 

14 four 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 

Crystal or 
External Input 2 

Power Supply 

No Connection 

Ground 

Power Supply 

Reference 
Frequency 

Strobe 

Input Address 

Output 
Frequency 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

+ 5 volt Supply. 

Ground 

+ 12 volt Supply. 

High frequency reference output@ (1/4) f1N 

A high-level strobe loads the Input Address (AA, As, Ac, Ao) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 

The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 

This output runs at a frequency as selected by the Input Address. 

For electrical characteristics, see page 233. 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... 0°C to+ 70°C 
Storage Temperature Range .............................................................. -55°C to+ 150°C 
Lead Temperature (soldering, 10 sec.) .............................................................. +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... + 18 .OV 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 

•stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C, Vee=+ 5V :!: 5%, Voe=+ 12V :!: 5%, unless otherwise noted) 

Parameter Min. Typ. Max Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low·level, V1L 0.8 v excluding XT AL inputs 
High-level, V1H 2.0 Vee v 

OUTPUT VOLTAGE LEVELS 
Low-level,VoL 0.4 v loL = 1.6ma 

0.5 v IOL = 3.2ma 
High-level, VoH Vcc-1.5 4.0 v loH = 100µA 

INPUT CURRENT 
Low-level, l1L 0.3 mA V1N = GND, excluding XTAL inputs 

INPUT CAPACITANCE 
All inputs, C1N 5 10 pf V1N = GND, excluding XTAL inputs 

EXT INPUT LOAD 8 10 Series 7400 unit loads 
POWER SUPPLY CURRENT 

Ice 28 45 mA 
loo 12 22 mA 

A.C. CHARACTERISTICS TA= +25°C 
CLOCK FREQUENCY 5.0688 MHz XTAL, EXT 
PULSE WIDTH 

Clock 50% Duty Cycle :!: 5% 
Strobe 150 DC ns See Note 1. 

INPUT SET-UP TIME 
Address 50 ns See Note 1. 

INPUT HOLD TIME 
Address 50 ns 

STROBE TO NEW FREQUENCY DELAY 3.5 µs = 1/f1N (18) 

Note 1: Input set-up time can be decreased to? Ons by increasing the minimum strobe width by 50ns to a total of 200ns. 

NOTE 1 

V1H 

STROBE (ST) 
I 

I 
I 

TIMING DIAGRAM 

._ - - - _,__ __ 
I 

I r----i-.--------------
1/ 
I 

VIL ___ ..._ __ _ 

TsET-uP 

V1H 

ADDRESS 

V1L 

'Address need only be valid during the last TPw, Min time of the input strobe. 
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Crystal Operation 
COM5016 
COM5036 

--D 5.0688 MHz 

crystal 

18 

Crystal Operation 
COM5026 
COM5046 

2 

74XX 
TTL 

74XX 
TTL 

External Input Operation 
COM5016/COM5016T 
COM5036/COM5036T 

74XX 
TTL 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

External Input Operation 
COM5026/COM5026T 
COM5046/COM5046T 

74XX 
TTL 

18 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 

Crystal Specifications 
User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/ U 

Frequency- 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 n 
Series Resonant 

Overall tolerance ± .01 % 

or as required 
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Crystal manufacturers (Partial List) 

Northern Engineering Laboratories 
357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 

Bulova Frequency Control Products 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 
CTS Knights Inc. 
101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 



APPLICATIONS INFORMATION 

Charge pump techniques 
using the + 5 volt power 
supply can be used to 
generate the + 12 volt 
power supply required. 
The + 12 volt power 
supply of figure 1 will 
supply the 22 mi Iii-amps 
that is typically required. 

100pf 

When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver + 12 volts may have large voltage 
transients when the AC power is switched 
on and off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
or a Semtech.bi-polarity silicon transient 
suppressor such as the 1 N611 O be used. 

'SEMTECH CORPORATION 
652 Mitchel Road 
Newbury Park. California 91320 
213-628-5392 

+5.0v 

From Power 
Supply 

.1µf 

1N914 
Typ. 
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12v 

+12v 
OUT 

11.0µf 

Figure 1 
VOLTAGE CHARGE PUMP 

SUPPLY FOR +12v SUPPLY 

Figure 2 
OVER-VOLTAGE 

PROTECTION 
CIRCUIT 

To Chip Power 
Supply Pin 

I 



COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 

Baud Rate Generator Output Frequency Options 

Table 1. (16X clock) Table2. (16X clock) 

CRYSTAL FREQUENCY= 5.0688 MHz CRYSTAL FREQUENCY= 4.9152 MHz 
Tr' mil/Receive 

Address Baud 
D C B A Rate 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

0 0 0 50 
0 0 1 75 
0 1 0 110 
0 1 1 134.5 
1 0 0 150 
1 0 1 300 
1 1 0 600 
1 1 1 1200 
0 0 0 1800 
0 0 1 2000 
0 1 0 2400 
0 1 1 3600 
1 0 0 4800 
1 0 1 7200 
1 1 0 9600 
1 1 1 19.200 

Theoretical 
Frequency 
16X Clock 

0.8KHz 
1.2 
1.76 
2.152 
2.4 
4.8 
9.6 

19.2 
28.8 
32.0 
38.4 
57.6 
76.8 

115.2 
153.6 
307.2 

Actual 
Frequency 
16X Clock 

0.8 KHz 
1.2 
1.76 
2.1523 
2.4 
4.8 
9.6 

19.2 
28.8 
32.081 
38.4 
57.6 
76.8 

115.2 
153.6 
316.8 

Duty 
Percent Cycle 

Error % Divisor 

0.016 

0.253 

3.125 

50/50 6336 
50/50 4224 
50/50 2880 
50/50 2355 
50/50 2112 
50/50 1056 
50/50 528 
50/50 264 
50/50 176 
50/50 158 
50/50 132 
50/50 88 
50/50 66 
50/50 44 
48/52 33 
50/50 16 

Tr'mlt/Receive 
Address Baud 

D C B A Rate 

0 0 0 0 50 
0 0 0 1 75 
0 0 1 0 110 
0 0 1 1 134.5 
0 1 0 0 150 
0 1 0 1 300 
0 1 1 0 600 
0 1 1 1 1200 
1 0 0 0 1800 
1 0 0 1 2000 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19,200 

Theoretical 
Frequency 
16X Clock 

0.8 KHz 
1.2 
1.76 
2.152 
2.4 
4.8 
9.6 

19.2 
28.8 
32.0 
38.4 
57.6 
76.8 

115.2 
153.6 
307.2 

Table3. 
(32X clock) 

CRYSTAL FREQUENCY= 5.0688 MHz 
Tr'mit/Recelve Theoretical Actual Duty 

D 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

Address Baud Frequency Frequency Percent 
c B A Rate 32XClock 32XClock Error 

0 0 0 50 1.6KHz 1.6KHz 
0 0 1 75 2.4 2.4 
0 1 0 110 3.52 3.52 
0 1 1 134.5 4.304 4.306 .06 
1 0 0 150 4.8 4.8 
1 0 1 200 6.4 6.4 
1 1 0 300 9.6 9.6 
1 1 1 600 19.2 19.2 
0 0 0 1200 38.4 38.4 
0 0 1 1800 57.6 57.6 
0 1 0 2400 76.8 76.8 
0 1 1 3600 115.2 115.2 
1 0 0 4800 153.6 153.6 
1 0 1 7200 230.4 230.4 
1 1 0 9600 307.2 316.8 3.125 
1 1 1 19,200 614.4 633.6 3.125 

OUTPUT FREQUENCY OPTIONS 

Part No. 

5016/5016T 
5026/5026T 
5036/5036T 
5046/5046T 

Dash Number 

Table 1 Table 2 Table 3 

STD -5 -6 
STD -5 -6 
STD N/A N/A 
STD N/A N/A 

*When Duty Cycle is not exactly 50%, it is 50% :!: 10%. 
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Cycle 
% Divisor 

50/50 3168 
50/50 2112 
50/50 1440 

1177 
50/50 1056 
50/50 792 
50/50 528 
50/50 264 
50/50 132 
50/50 88 
50/50 66 
50/50 44 

33 
50/50 22 
50/50 16 
50/50 8 

Actual 
Frequency 
16X Clock 

0.8 KHz 
1.2 
1.7589 
2.152 
2.4 
4.8 
9.6 

19.2 
28.7438 
31.9168 
38.4 
57.8258 
76.8 

114.306 
153.6 
307.2 

Duty 
Percent Cycle 

Error % Divisor 

50/50 6144 
50/50 4096 

-0.Q1 • 2793 
50/50 2284 
50/50 2048 
50/50 1024 
50/50 512 
50/50 256 

-0.19 • 171 
-0.26 50/50 154 

50/50 128 
0.39 85 

-0.77 50~50 ~~ 
50/50 32 
50/50 16 



STANDARD MICROSYSTEMS 
coRPORAT10NAam.;;, .. "'=A"'·•·,, 

' 
Baud Rate Generator 

Programmable Divider 

COM8046 
COM8046T 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Single+ 5v power supply 
D Choice of 32 output frequencies 
D 32 asynchronous/ synchronous baud rates 
D Direct UART /USRT I ASTRO/USYNRT 

compatibility 
D Re-programmable ROM via CLASP® 

technology allows generation of other 
frequencies 

D TTL, MOS compatible 
D 1XClockviafo/16output 
D Crystal frequency output via fx and fx/ 4 

outputs 
D Output disable via FENA 

XTAL/EXT1 1 

XTAL/EXT2 2 

+sv 3 

fx 4 

GND 5 

fo/16 6 

FENA 7 

E 8 

BLOCK DIAGRAM 

A 

B 

c 
D 
E 

XTAL/EXT1 

REPROGRAMMABLE 
FREQUENCY SELECT 

DIVIDER 
ROM 
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16 fo 

15 A 

14 B 

13 c 
12 D 

11 ST 

10 fx/4 

9 NC 

to 

fo/16 

fx 

fx/4 

-I 



General Description 

The Standard Microsystems COM 8046 is an en
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 

The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TIL inputs, as noise 
immunity may be compromised due to excessive 
loading. 

The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency f0 . The 
divider is capable of dividing by any integer from 6 

to 219 + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16 and made 
available at the f0 /16 output pin. The f0 /16 output will 
drive one and the f0 output will drive two standard 
7400 TTL loads. Both the f0 and f0 /16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx
imately Vee if left unconnected. 

The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn
around-time for ROM patterns. 

The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5µs of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro
gramming option causing new frequency initiation to 
be delayed until the end of the current f0 half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4 fx fx Crystal/ clock frequency reference output 
5 GND Ground Ground 
6 f0 /16 fo/16 1 X clock output 
7 FENA Enable A low level at this input causes the f0 and f0 /16 outputs to be 

held high. An open or a high level at the FENA input enables the 
f0 and f0 /16 outputs. 

8 E E Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 

9 NC NC No connection 
10 fx/4 fx/4 V4 crystal/clock frequency reference output. 
11 ST Strobe Divisor select data strobe. Data is sampled when this input is high, 

preserved when this input is low. 
12-15 D,C,B,A D,C,B,A Divisor select data bits. A= LSB. An open circuit at these inputs 

is equivalent to a logic high. 
16 fo fo 16X clock output 

For electrical characteristics, see page 247. 
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STANDARD MICROSYSTEMS 
CORPORATION1jiiiiiiiii t 

COM8116 
COM8116T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input XTAL/EXT1 1 
D Single + Sv power supply +5v 2 
D Choice of 2 x 16 output frequencies 
D 16 asynchronous/synchronous baud rates 
D Direct UART/USRT/ ASTRO/USYNRT 

fR 3 

RA 4 

compatibility 
D Full duplex communication capability 
D Re-programmable ROM via CLASP® 

technology allows generation of other 
frequencies 

D TTL, MOS compatibility 
D Compatible with COM 5016 

Rs 5 

Re 6 

R0 7 

STR 8 

NC 9 

BLOCK DIAGRAM 

STT 

T• 
Ts 
Tc 

To 

XTAUEXT1 

XTAL/EXT2 

R• 

Rs 
Ac 
Ao 

STA 

XTAL 

~ CLOCK 
BUFFER 

FREQUENCY 
DECODE 
AND 
CONTROL 

FREQUENCY 
DECODE 
AND 
CONTROL 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

DIVIDER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 
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18 XTAL/EXT2 

17 fr 

16 TA 
15 Ts 
14 Tc 

13 To 
12 STT 

11 GND 

10 NC 

+2 f T 

+2 fR 

,l ,l 
• Sv GND 

I 



General Description · 

The Standard Microsystem's COM 8116 is an en
hanced version of the COM 5016 Dual Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

other TTL inputs, as noise immunity may be com
promised due to excessive loading. 

The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies fr, fR. 
The dividers are capable of dividing by any integer 
from 6 to 219 + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. The standard COM 8116 is specifically dedicated to 

generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART I USRT devices. A large number of the fre
quencies available are also useful for 1 X and 32X 
ASTRO/USYNRT devices. 

Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC's 
unique CLASP® technology allowing up to 32 dif
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. 
Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level 
sensitive: while the strobe is high, data is passed di
rectly through to the ROM. Initiation of a new fre
quency is effected within 3.5µs of a change in any of 
the four divisor select bits (strobe activity is not re
quired). The divisor select inputs have pull-up resis
tors; the strobe inputs do not. 

The COM 8116 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8116T. 
TTL outputs used to drive the COM 8116 or COM 
8116T XTAL/EXT inputs should not be used to drive 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 Vee Power Supply + 5 volt supply 
3 f R Receiver Output This output runs at a frequency selected by the Receiver divisor 

Frequency select data bits. 
4-7 RA, Rs, Re, R0 Receiver-Divisor The logic level on these inputs, as shown in Table 1, selects the 

Select Data Bits receiver output frequency, fR. 
8 STR Strobe-Receiver A high level input strobe loads the receiver data (RA, Rs, Re, R0) into 

the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

9 NC No Connection 
10 NC No Connection 
11 GND Ground Ground 
12 STT Strobe- A high level input strobe loads the transmitter data (TA, T8, Tc. T0) 

Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

13-16 To, Tc, Ts, TA Transmitter- The logic level on these inputs, as shown in Table 1, selects the 
Divisor transmitter output frequency, fr. 

Select Data Bits 
17 fr Transmitter This output runs at a frequency selected by the Transmitter divisor 

Output select data bits. 
Frequency 

18 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
External Input 2 other polarity of the external input. 

For electrical characteristics, see page 24 7. 

240 



STANDARD MICROSYSTEMS 
CORPORATION 

I 

COM8126 
COM8126T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Single +Svpowersupply XTAL/EXT1 1 
D Choice of 16 output frequencies 
D 16 asynchronous/ synchronous baud rates 
D Direct UART/USRT/ ASTRO/USYNRT 

XTAL/EXT2 2 

+5v 3 

com pa ti bi I ity 
D Re-programmable ROM via CLASP® 

technology allows generation of other 
frequencies 

D TTL, MOS compatibility 
D Compatible with COM 5026 

NC 4 

GND 5 

NC 6 

NC 7 

BLOCK DIAGRAM 

ST 

A 
B 
c 
D 

XTAL/EXT1 

XTAL/EXT2 

XTAL 

FREQUENCY 
DECODE 
AND 
CONTROL 

~ t--~~~~~--t 
CLOCK 
BUFFER 

REPROGRAM MABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 
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+Sv GND 

14 four 

13 A 

12 B 

11 c 
10 D 

9 ST 

8 NC 

-;-2 four 
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General Description 

The Standard Microsystem's COM 8126 is an en
hanced version of the COM 5026 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP'® technologies and em
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

The standard COM 8126 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 

The COM 8126 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 2. Parts suitable for use only with 
an external TTL reference are marked COM 8126T. 
TTL outputs used to drive the COM 8126 or COM 
8126T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com-

promised due to excessive loading. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 
to 219 + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. 

The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5/LS of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current four half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTAL'/EXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4,6,7,8 NC No Connection 

5 GND Ground Ground 
9 ST Strobe A high level strobe loads the input data (A, B, C, D) into the input 

divisor select register. This input may be strobed or hard-wired to 
a high level. 

10-13 D,C,B,A Divisor Select The logic level on these inputs as shown in Table 1, selects the 
Data Bits output frequency. 

14 four Output This output runs at a frequency selected by the divisor select 
Frequency data bits. 

For electrical characteristics, see page 247. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

I 

COM8136 
COM8136T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input XTAL/EXT1 1 

D Single + Sv power supply +5v 2 
D Choice of 2 x 16 output frequencies 
D 16 asynchronous/sy~hronous baud rates 
D Direct UART /USRT I ASTRO/USYNRT 

fR 3 

RA 4 

compatibility 
D Full duplex communication capability 
D High frequency reference output 
D Re-programmable ROM via CLASP® 

technology allows generation of other 
frequencies 

D TTL, MOS compatibility 
D Compatible with COM 5036 

RB 5 

Re 6 

Ro 7 

STA 8 

NC 9 

BLOCK DIAGRAM 
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General Description 

The Standard Microsystem's COM 8136 is an en
hanced version of the COM 5036 Dual Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies fr. fR. 
The dividers are capable of dividing by any integer 
from 6 to 219 + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 

The standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the 
frequencies available are also useful for 1 X and 32X 
ASTRO/USYNRT devices. 

The reference frequency (fx) is used to provide a high 
frequency output at fx/ 4. 

Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC's 
unique CLASP® technology allowing up to 32 dif
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. Each 
group of four divisor select bits is held in an externally 
strobed data latch. The strobe input is level sensi
tive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5µs of a change in any of the four 
divisor select bits (strobe activity is not required). 
The divisor select inputs have pull-up resistors; the 
strobe inputs do not. 

The COM 8136 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8136T. 
TTL outputs used to drive the COM 8136 or COM 
8136T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com
promised due to excessive loading. 

Pin No. Symbol 

XTAL/EXT1 

2 Vee 
3 fR 

4-7 RA, Rs, Re. Ro 

8 STR 

9 NC 
10 fx/4 
11 GND 
12 STT 

13-16 T0 , Tc, Ts. TA 

17 fr 

18 XTAL/EXT2 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 
Power Supply 

Receiver Output 
Frequency 

Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 

No Connection 
fx/4 

Ground 
Strobe

Transmitter 

Transmitter
Divider 

Select Data Bits 
Transmitter 

Output 
Frequency 
Crystal or 

External Input 2 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 
+ 5 volt supply 
This output runs at a frequency selected by the Receiver divisor 
select data bits. 
The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fR. 
A high level input strobe loads the receiver data (RA, Rs. Re, R0) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

1/4 crystal/ clock frequency reference output. 
Ground 
A high level input strobe loads the transmitter data (TA, Ts. Tc. T0 ) 

into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, fr. 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

For electrical characteristics, see page 247. 
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STANDARD MICROSYSTEMS 
CORPORATION, , COM8146 

COM8146T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Single + 5v power supply 
D Choice of 16 output frequencies 

XTAUEXT1 1 

D 16 asynchronous/synchronous baud rates 
D Direct UART /USRT I ASTRO/USYNRT 

XTAUEXT2 2 

+sv 3 
compatibility 

D High frequency reference output 
D Re-programmable ROM via CLASP® 

technology allows generation of other 
frequencies 

D TTL, MOS compatibility 
D Compatible with COM 5046 

NC 4 

GND 5 

NC 6 

NC 7 

BLOCK DIAGRAM 

ST 

A 
B 
c 
D 

XTAUEXT1 

XTAUEXT2 

XTAL 

FREQUENCY 
DECODE 
AND 
CONTROL 

~ 1-----e-----1 
CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

14 four 

13 A 

12 B 

11 c 
10 D 

9 ST 

8 fx/4 

+2 four 

+4 1----------- fx/4 

~ A 
+Sv GND 
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General Description 

The Standard Microsystem's COM 8146 is an en
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em
ploys depletion mode loads, allowing operation from 
a single +Sv supply. 

The standard COM 8146 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre
quencies available are also useful for 1 X and 32X 
ASTRO/USYNRT devices. 

The COM 8146 features an inter.nal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8146T. TTL 
outputs used to drive the COM 8146 or COM 8146T 
XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised 
due to excessive loading. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 to 
219 + 1, inclusive. If the divisor is even, the output will 
be square; otherwise the output will be high longer 
than it is low by one fx clock period. 

The reference frequency (fx) is used to provide a high 
frequency output at fx/ 4. 

The divisor ROM· contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.Sµs of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current four half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4,6,7 NC No Connection 

5 GND Ground Ground 
8 fxf 4 fxf 4 V4 crystal/clock frequency reference output. 
9 ST Strobe A high level strobe loads the input data (A, B, C, D) into the input 

divisor select register. This input may be strobed or hard-wired to 
a high level. 

10-13 D,C,B,A Divisor Select The logic level on these inputs as shown in Table 1, selects the 
Data Bits output frequency. 

14 four Output This output runs at a frequency selected by the divisor select 
Frequency data bits. 

For electrical characteristics, see page 24 7. 
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ELECTRICAL CHARACTERISTICS COMB046, COM8046T, COMB116, COM8116T, COMB126, 

MAXIMUM GUARANTEED RATINGS* 
COMB126T, COM8136, COMB136T, COM8146, COMB146T 

Operating Temperature Range ............................................................... 0°C to + 70°C 
Storage Temperature Range .............................................................. -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin. with respect to ground .................................................... + 8.0V 
Negative Voltage on any Pin. with respect to ground .................................................... -0.3V 
'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V" 0.8 v 
High-level, V1H 2.0 v excluding XTAL inputs 

OUTPUT VOLTAGE LEVELS 
Low-level, Vo, 0.4 v IOL =1.6mA, forfx/4, f0 /16 

0.4 v IOL = 3.2mA, for f0 , fR, fr 
0.4 v IOL = 0.8mA, for fx 

High-level, VoH 3.5 v loH = -1 OOµA; for fx, loH = -50µA 
INPUT CURRENT 

Low-level, I" -0.1 mA V1N=GND, excluding XTAL inputs 
INPUT CAPACITANCE 

All inputs, c,N 5 10 pF V1N=GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 equivalent loads 
POWER SUPPLY CURRENT 

Ice 50 mA 

A.C. CHARACTERISTICS TA= +25°C 
CLOCK FREQUENCY, f,N 0.01 7.0 MHz XTAL/EXT, 50% Duty Cycle ±5% 

COM 8046, COM8126, COM 8146 
0.01 5.1 MHz XTAL/EXT, 50% Duty Cycle ±5% 

COM 8116, COM 8136 

STROBE PULSE WIDTH, tpw 150 DC ns 
INPUT SET-UP TIME 

tos 200 ns 
INPUT HOLD TIME 

toH 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 µS @ fx=5.0 MHz 

TIMING DIAGRAM 

i------- tPw-------119"1 

STROBE 

---------tos ---------

DIVISOR V1H 
SELECT 

DATA 
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Crystal Operation 
COM 8116 
COM 8136 

---D 

Crystal Operation 
COM 8126 
COM 8146 
COM 8046 

74XX 
TTL 

74XX 
TTL 

2 

External Input Operation 
COM 8116/COM 8116T 
COM 8136/COM 8136T 

74XX 
TTL 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

External Input Operation 
COM 8126/COM 8126T 
COM 8146/COM 8146T 
COM 8046/COM 8046T 

74XX 
TTL 

2 

18 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 

Crystal Specifications 
User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 

Frequency- 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 fl 

Series Resonant 

Overall tolerance ± .01 % 

or as required 
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Crystal manufacturers (Partial List) 

Northern Engineering Laboratories 
357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 

Bulova Frequency Control Products 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 
CTS Knights Inc. 
101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 



COM8046 
COM8046T 

Table2 I 
REFERENCE FREQUENCY= 5.068800MHz 

Divisor Desired Desired Actual Actual 
Select Baud Clock Frequency Baud Frequency 
EDCBA Rate Factor (KHz) Divisor Rate (KHz) Deviation 

00000 50.00 32X 1.60000 3168 50.00 1.600000 0.0000% 
00001 75.00 32X 2.40000 2112 75.00 2.400000 0.0000% 
00010 110.00 32X 3.52000 1440 110.00 3.520000 0.0000% 
00011 134.50 32X 4.30400 1177 134.58 4.306542 0.0591 % 
00100 150.00 32X 4.80000 1056 150.00 4.800000 0.0000% 
00101 200.00 32X 6.40000 792 200.00 6.400000 0.0000% 
00110 300.00 32X 9.60000 528 300.00 9.600000 0.0000% 
00111 600.00 32X 19.20000 264 600.00 19.200000 0.0000% 
01000 1200.00 32X 38.40000 132 1200.00 38.400000 0.0000% 
01001 1800.00 32X 57.60000 88 1800.00 57.600000 0.0000% 
01010 2400.00 32X 76.80000 66 2400.00 76.800000 0.0000% 
01011 3600.00 32X 115.20000 44 3600.00 115.200000 0.0000% 
01100 4800.00 32X 153.60000 33 4800.00 153.600000 0.0000% 
01101 7200.00 32X 230.40000 22 7200.00 230.400000 0.0000% 
01110 9600.00 32X 307.20000 16 9900.00 316.800000 3.1250% 
01111 19200.00 32X 614.40000 8 19800.00 633.600000 3.1250% 
10000 50.00 16X 0.80000 6336 50.00 0.800000 0.0000% 
10001 75.00 16X 1.20000 4224 75.00 1.200000 0.0000% 
10010 110.00 16X 1.76000 2880 110.00 1.760000 0.0000% 
10011 134.50 16X 2.15200 2355 134.52 2.152357 0.0166% 
10100 150.00 16X 2.40000 2112 150.00 2.400000 0.0000% 
10101 300.00 16X 4.80000 1056 300.00 4.800000 0.0000% 
10110 600.00 16X 9.60000 528 600.00 9.600000 0.0000% 
10111 1200.00 16X 19.20000 264 1200.00 19.200000 0.0000% 
11000 1800.00 16X 28.80000 176 1800.00 28.800000 0.0000% 
11001 2000.00 16X 32.00000 158 2005.06 32.081013 0.2532% 
11010 2400.00 16X 38.40000 132 2400.00 38.400000 0.0000% 
11011 3600.00 16X 57.60000 88 3600.00 57.600000 0.0000% 
11100 4800.00 16X 76.80000 66 4800.00 76.800000 0.0000% 
11101 7200.00 16X 115.20000 44 7200.00 115.200000 0.0000% 
11110 9600.00 16X 153.60000 33 9600.00 153.600000 0.0000% 
11111 19200.00 16X 307.20000 16 19800.00 316.800000 3.1250% 
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COM8116, COM8116T, COM8126, COM8126T 
COM8136, COM8136T, COM8146, COM8146T 

Baud Rate Generator Output Frequency Options 

Table 1. (16X clock) Table2. (16X clock) 

CRYSTAL FREQUENCY= 5.0688 MHz CRYSTAL FREQUENCY = 4.9152 MHz 
Tr'mlt/Recelve Theoretical Actual Duty Tr'mit/Recelve Theoretical Actual Duty 

Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
D c B A Rate 16X Clock 16X Clock Error % Divisor D c B A Rate 16X Clock 16X Clock Error % Divisor 

0 0 0 0 50 0.8 KHz 0.8KHz 50/50 6336 0 0 0 0 50 0.8 KHz 0.8 KHz 50/50 6144 
0 0 0 1 75 1.2 1.2 50/50 4224 0 0 0 1 75 1.2 1.2 50/50 4096 
0 0 1 0 110 1.76 1.76 50/50 2880 0 0 1 0 110 1.76 1.7589 -0.01 2793 
0 0 1 1 134.5 2.152 2.1523 0.016 50/50 2355 0 0 1 1 134.5 2.152 2.152 50/50 2284 
0 1 0 0 150 2.4 2.4 50/50 2112 0 1 0 0 150 2.4 2.4 50/50 2048 
0 1 0 1 300 4.8 4.8 50/50 1056 0 1 0 1 300 4.8 4.8 50/50 1024 
0 1 1 0 600 9.6 9.6 50/50 528 0 1 1 0 600 9.6 9.6 50/50 512 
0 1 1 1 1200 19.2 19.2 50/50 264 0 1 1 1 1200 19.2 19.2 50!50 256 
1 0 0 0 1800 28.8 28.8 50/50 176 1 0 0 0 1800 28.8 28.7438 -0.19 171 
1 0 0 1 2000 32.0 32.081 0.253 50/50 158 1 0 0 1 2000 32.0 31.9168 -0.26 50/50 154 
1 0 1 0 2400 38.4 38.4 50/50 132 1 0 1 0 2400 38.4 38.4 50!50 128 
1 0 1 1 3600 57.6 57.6 50/50 88 1 0 1 1 3600 57.6 57.8258 0.39 85 
1 1 0 0 4800 76.8 76.8 50/50 66 1 1 0 0 4800 76.8 76.8 50!50 64 
1 1 0 1 7200 115.2 115.2 50/50 44 1 1 0 1 7200 115.2 114.306 -0.77 43 
1 1 1 0 9600 153.6 153.6 48/52 33 1 1 1 0 9600 153.6 153.6 50/50 32 
1 1 1 1 19.200 307.2, 316.8 3.125 50/50 16 1 1 1 1 19,200 307.2 307.2 50/50 16 

Table3. 
(32X clock) 

CRYSTAL FREQUENCY= 5.0688 MHz 
Tr'mlt/Recelve Theoretical Actual Duty 

Address Baud Frequency Frequency Percent Cycle 
D c B A Rate 32XClock 32XClock Error % Divisor 

0 0 0 0 50 1.6KHz 1.6KHz 50/50 3168 
0 0 0 1 75 2.4 2.4 50/50 2112 
0 0 1 0 110 3.52 3.52 50/50 1440 
0 0 1 1 134.5 4.304 4.306 .06 1177 
0 1 0 0 150 4.8 4.8 50/50 1056 
0 1 0 1 200 6.4 6.4 50/50 792 
0 1 1 0 300 9.6 9.6 50/50 528 
0 1 1 1 600 19.2 19.2 50/50 264 
1 0 0 0 1200 38.4 38.4 50/50 132 
1 0 0 1 1800 57.6 57.6 50/50 88 
1 0 1 0 2400 76.8 76.8 50/50 66 
1 0 1 1 3600 115.2 115.2 50!50 44 
1 1 0 0 4800 153.6 153.6 33 
1 1 0 1 7200 230.4 230.4 50/50 22 
1 1 1 0 9600 307.2 316.8 3.125 50/50 16 
1 1 1 1 19,200 614.4 633.6 3.125 50/50 8 

OUTPUT FREQUENCY OPTIONS 
Dash Number 

Table 1 Table 2 Table 3 

STD -5 -6 
STD -5 -6 

*When Duty Cycle snot exactly 50%, it is 50% ± 10%. 
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STANDARD MICROSYSTEMS 
CORPORATION A·--· COM 8116T 

Transmit/ 
Receive 
Address 

D c B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

t 

Baud Rate Generator Output 
Frequency Options 

COM 8116T·013 COM 8116T·003 
CRYSTAL FREQUENCY =T 2.76480 MHz CRYSTAL FREQUENCIES = 6.01835 MHz 

Transmit/ 
Theoretical Actual Duty Receive Theoretical Actual g:~re Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent 

Rate 16X Clock 16XClock Error % Divisor D c B A Rate 16XClock 16X Clock Error % 

50 0.8 KHz 0.8 KHz 0 50/50 3456 0 0 0 0 50 0.8 KHz 799.9Hz 0 50/50 
75 1.2 1.2 0 50/50 2304 0 0 0 1 75 1.2 1200.0 0 50/50 

110 1.76 1.76 -.006 50/50 1571 0 0 1 0 110 1.76 1759.7 0 50/50 
134.5 2.152 2.152 -.019 50/50 1285 0 0 1 1 134.5 2.152 2151.7 0 50/50 
150 2.4 2.4 0 50/50 1152 0 1 0 0 150 2.4 2399.6 0 50/50 
200 3.2 3.2 0 50/50 864 0 1 0 1 200 3.2 3199.5 0 50/50 
300 4.8 4.8 0 50/50 576 0 1 1 0 300 4.8 4799.3 0 50/50 
600 9.6 9.6 0 50/50 288 0 1 1 1 600 9.6 9598.6 0 50/50 

1200 19.2 19.2 0 50/50 144 1 0 0 0 1200 19.2 19227.9 +0.14 50/50 
1800 28.8 28.8 0 50/50 96 1 0 0 1 1800 28.8 28795.9 0 50/50 
2000 32.0 32.149 +.465 50/50 86 1 0 1 0 2000 32.0 32012.5 0 50/50 
2400 38.4 38.4 0 50/50 72 1 0 1 1 2400 38.4 38333.4 -0.17 50/50 
3600 57.6 57.6 0 50/50 48 1 1 0 0 3600 57.6 57868.7 +0.46 50/50 
4800 76.8 76.8 0 50/50 36 1 1 0 1 4800 76.8 77158.3 +0.46 50/50 
9600 153.6 153.6 0 50/50 18 1 1 1 0 9600 153.6 154316.6 +0.46 50/50 

19,200 307.2 307.2 0 44/56 9 1 1 1 1 19,200 307.2 300917.5 2.04 50/50 

COM 8116T·013A 
CRYSTAL FREQUENCY-5.52960 MHz 

Transmit/ 
Receive Theoretical Actual g:~re Address Baud Frequency Frequency Percent 

D c B A Rate 16XClock 16X Clock Error % Divisor 

0 0 0 0 100 1.6 KHz 1.6KHz 0 50150 3456 
0 0 0 1 150 2.4 2.4 0 50/50 2304 
0 0 1 0 220 3.52 3.5197 -.006 50/50 1571 
0 0 1 1 269 4.304 4.3032 -.019 50150 1285 
0 1 0 0 300 4.8 4.8 0 50/50 1152 
0 1 0 1 400 6.4 6.4 0 50/50 864 
0 1 1 0 600 9.6 9.6 0 50/50 576 
0 1 1 1 1200 19.2 19.2 0 50150 288 
1 0 0 0 2400 38.4 38.4 0 50/50 144 
1 0 0 1 3600 57.6 57.6 0 50/50 96 
1 0 1 0 4000 64.0 64.298 +.466 50/50 86 
1 0 1 1 4800 76.8 76.8 0 50150 72 
1 1 0 0 7200 115.2 115.2 0 50/50 48 
1 1 0 1 9600 153.6 153.6 0 50/50 36 
1 1 1 0 19,200 307.2 307.2 0 50/50 18 
1 1 1 1 38,400 614.8 614.8 0 44/56 9 
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Divisor 

7523 
5015 
3420 
2797 
2508 
1881 
1254 

627 
313 
209 
188 
157 
104 
78 
39 
20 
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l l 
RCP RSI 

h 

COM 8017 
DUAL COM 2017 

BAUD RATE GENERATOR 

fr 

UART 

TCP TSO 

j l 
Typical UART-Dual Baud Rate Generator Configuration 

Full Duplex-Split Speed 

R. 

R, 
BA 

R, fx/4 lo -----_..TSO 

COM 1671 
ASTRO 

COM8046 

BB .------RSI 
fo/16 

DB 

..... 

Typical ASTRO-Baud Rate Generator Configuration DD 

XTAL/EXT1 

COM SXXX 

..-----1 Tj-------, 
R R 

Typical External Oscillator Hook-Up 

[:::J XTAL 

50-100p~ 

>e>------1~ XTAL/ EXT1 

XTAL/EXT2 

'-------~To System 

+v 

To System 

XTAL/EXT2 

Generation of Communication Reference Frequency and 
System Clock from a single crystal 

J5Ma'tusM~NYT17tll 
t516J1733100 TWX·5102'l78898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION;. 

SCF9034 

Octave Bandpass Switched Capacitor Filter 

FEATURES 
D Very Flat Passband 
D Steep Transition Skirts 
D Extremely Linear Phase 

Response In the Passband 
D Low Harmonic Distortion 
D High Dynamic Range 
D Filter Center Frequency 

Adjustable Over Four Decades 
D No External Components Required 
D COPLAMOS® n-Channel MOS Technology 
D Only + Sv & - 5v Power Supplies Required 

PIN CONFIGURATION 

Vdda( +5v) 8 Output 

Analog Ref. 
2 7 Input 

Input (Gnd) 

Clock Trigger 3 6 (-5V) Vssa 

Vss (-5V) 4 5 (+SV) Vdd 

GENERAL DESCRIPTION 

The SMC SCF9034 is a switched capacitor filter based 
on the LERNER filter. The SCF9034 is a monolithic 
n-Channel, silicon-gate MOS circuit utilizing COPLAMOS® 
technology and contains both analog and digital circui
try. The center frequency of the bandpass is dependent on 
the external trigger frequency and can be moved over four 
decades from 1 OHz to 1 OKHz. 

The SCF9034 is equivalent to a six-pole pair filter and 
implements a high order bandpass filter with no external 
components required. The filter features a high dynamic 
range and very low harmonic distortion. The SCF9034 pro-

vides the very desirable combination of flat amplitude 
response, steep transition skirts and linear phase response. 
Linear phase response ensures that all frequencies are 
passed through the filter with equal time delay thereby 
reducing signal distortion. The parallel structure of the 
SCF9034 results in faster settling times than those of a cas
caded network. 

Typical applications for the SCF9034 will be in the areas 
of Data Communications, Spectrum Analysis, Signal proc
essing and Audio range instrumentation. 

BLOCK DIAGRAM 

n r-Clock I LJ In 

Cf 

+5vA 

SW 1 SW 2 

Vin u--~---1 >------o--Vout 

Divide 
By2 

+5vD -5vD 

Cm 

Fs 
l 

-5vA 

Inverting Integrator 
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DESCRIPTION OF PIN FUNCTIONS 

PIN # NAME SYMBOL FUNCTION 

1 Analog Supply (5v) Vdda Analog + 5v power supply. 

2 Analog Ref. (Ov) Gnd Gnd of Analog power supply. This ground must be noise free for clean output. 

3 Clock Trigger Clck The clock trigger is 109 times the center frequency (Fo) of the passband. Inter-
nally this clock is divided by 2 to generate the sampling clock (Fs). 

4 Digital Supply ( - 5v) Vss Digital - 5v power supply. 

5 Digital Supply (5v) Vdd Digital + 5v power supply. 

6 Analog Supply ( - 5v) Vssa Analog - 5v power supply. 

7 Input In Input signal waveform. 

8 Output Out Output signal waveform. 

OPERATION 

Figure 1 shows a simplified block diagram of the 
SCF9034. It only requires an external clock trigger and + 5v 
and -5v supplies. The external clock is internally divided 
by two to generate the sampling frequency, 54.5 times the 
bandpass center frequency. The sampling frequency has a 
50% duty cycle thereby eliminating the effect of varying duty 
cycle on the external clock trigger. 

The integrator portion of the SCF9034, shown in the 
simplified block diagram, uses a capacitor instead of the 
input resistor usually found in the integrator of a traditional 
active filter circuit. This capacitor is alternately switched by 
the sampling clock between the input signal and the feed
back capacitor. The charge transferred from Gin to Cf is a 
function of the sampling clock frequency resulting in an 
effective resistance of the input capacitor given by R = 1 I 
FsCin. The time constant of the integrator is T =Cf /CinFs 
and therefore can be varied by changing the frequency of 
the sampling clock. 

As in all sampled data systems, signals above half the 
sampling frequency will be aliased and appear in the pass
band. If the signal to be filtered is higher than 27 times the 
center frequency then an external antialiasing filter will be 

·needed. The passband of the SCF9034 is a full octave 
measured at the - 6 db points with linear phase response 
(see Fig. 2 and Fig. 3). 

One set of power supplies may be used for both analog 
and digital power but they must be decoupled and have very 
low output impedance. The noise on the Ground lines must 
be minimized in order to obtain a clean output signal. 

The SCF9034 does not require external adjustable 
components, the external clock tunes the filter's bandpass 
center frequency from 1 O Hz to 1 O KHz ( 4 decades ). 
Therefore the same device can be used to set up pass
bands with different center frequencies as shown in the typ
ical application of Fig. 4. 

FREQUENCY RESPONSE OF SCF9034 

FIG. 2-0VERALL RESPONSE FIG. 3-PASSBAND RESPONSE 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .......................................................................... 0°C to + 70°C 
Storage Temperature Range ........................................................................ - 55°C to + 150°C 
Lead Temperature (soldering, 1 O sec.) ........................................................................ + 325°C 
Positive Voltage on any Pin, with respect to ( - 5v) .............................................................. 10.0 V 
Negative Voltage on any Pin, with respect to ( - 5v) ............................................................. - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or 
"glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC 
power line may appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vdd = Vdda = + 5V ± 5%, Vss = Vssa = - 5v ± 5%, Center 
frequency Fo = 1 KHz (unless otherwise noted). 

Parameter MIN TYP MAX UNIT COMMENTS 

D.C. CHARACTERISTICS 
CLOCK INPUT 

Referenced 
Amplitude 1.5 10 v 

to -5v 
Duty cycle 15 85 O/o 

Input capacitance 10 pF 
POWER SUPPLY CURRENT 35 50 mA 

A.C. CHARACTERISTICS 
Overall Bandpass Operating Range O.D10 10 KHz 
Major Passband Ripple 1 db 
Input Resistance 2 Moh ms 
Dynamic Output Resistance 375 Ohms 
Recommended Output Load 

Capacitance 100 pF 
Resistance 10 Koh ms 

Insertion Loss 0 db 
Output Voltage Swing (p-p) 5 v 
Harmonic Distortion 

Output 4Vp-p .12 O/o R1=500K 
(recommended Odbv) Cl=85pF 

Output 3.9V p-p .125 O/o R1=10K 
(recommended Odbv) C1 = 85pF 

Noise level 

Passband Noise }-to= 100Hz 213 J.N/!Hz. 
Stopband Noise 15 JJV/!Hz. 

Passband Noise }-to= 1 KHz 50 JJV/!Hz 
Stopband Noise 5 JJV/!Hz 

Passband Noise }-to= 10 KHz 13 µV/!Hz 
Stopband Noise · 1.8 µV/!Hz. 

Clock Feed through 25 mVrms 
(fundamental freq. = 54.5 KHz) 
DC Offset 125 mV 

VDDA PSRR @ 2.5 KHz -52 db 
(input VDD ripple = 500 mV p-p) 

VSSA PSRR @ 2.5 KHz -39 db 
(input VDD ripple = 500 mV p-p) 
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TYPICAL SYSTEM CONFIGURATION 

Transmit Transmit filter Transmit 
Signal n. -0 Signal - SCF 9034 Input 

Low band pass 
Output 

u 
Clock select o- ~ 

Clock ' To 
Circuitry I Other 

I Control ~Channels 
Xtal input..., ~ 

:1_ 
Receive Receive filter Receive 
Signal ~ SCF 9034 -0 Signal 
Input 

High band pass 
Output 

FIG. 4-FREQUENCY CONTROLLED MULTICHANNEL FILTERING 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Displlly r.tox Pow or 
Part Wtunber Description Fe11turoa Forlllllt Clock Supplies 
CRT5027 provtdes all of the programmable 4MHZ +6.+12 
CRT5037 timing and control balanced beam interlace programmable 4MHz +5,+12 
CRT6047<ll for interlaced and f1Xed format 80column 4MHz +5,+12 

· ... non· interlaced CRT 24row ~ 

CRT5067 
CRT7220, 
,-.1,.-2 

C:RT9007 
. 

ORT7004B OM 

CRT7004Cf1,4.i 

displa,y 
line-lock programmable 4MHz +6,+12 

Graphics Display Intelligent graphics 1024x1024 Pixel 416/6.5 +5 
Controller diSplay controller MHz 

CRTVideo processor sequential orrow- programmable 4MHz +5 
and controller table driven memory 

VIDEO TERMINAL LOGIC CONTROLLER 

Description 
Complete CRT Video pro· 
cessor and controller. 
Display and attribute 
cont.rol tor alphanu
meric and graphics dis· 
play, Two types of 
processor interface $ig · 
nals differentiate the 2 
parts. S x 8 character 
generator. Video shift 
regiSter. 

Features 

Separate dis
pla;y memory 
eliminates con· 
tention, 
smooth scroll, 
status row. 

Display Format 

programmable 

Attributes 

Reverse video, 
blank, blink, 
underline, 
intensity 

Max Power 
Clock Supply 

14MHz +6 

VDAC™ DISPLAY CONTROLLERS 
r.tax 

Attributes Clock 

reverse Video 25 MHz 
blank 
blink 
underline 20 MHz 
st:rike·thrn 

15MHz 

lOMHz 

CHARACTER GENERATORS 

ROW BUFFER 

8 bitWide serial cascadable double row buffer 
memoryf'orCRTo:rp;:inter 

Max 
now Length 

83 characters 

135 characters 

135 characters 

VIDEO ATTRIBUTES CONTROLLERS 

Packago Pl!Jie 
40DIP 259-266 
40DIP 269-266 
40DIP 267-268 

40DIP 269-266 
40DIP 275-298 

40DIP 335-354 

Package Page 
40DIP 367-382 

' 1 'May be custom mask programmed 
'

2
' For fut.ure release 

VTlOO is a registered trademark of Digital Equipment Corp. 257 

' 3 'Also available as CRT 8002A,B,C-001 Katakana 
CRT8002A,B,C-003 5X7 dot matrix 

'•'Also available as CRT7004A,B,C:-003 5X7 dot matrix 
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STANDARD MICROSYSTEMS 
CORPORATION1 

CRT5027 
CRT5037 
CRT5057 

CRT Video Timer and Controller 
/LPCFAMILY 

FEATURES 
D Fully Programmable Display Format 

Characters per data row (1-200) 
Data rows per frame (1-64) 
Raster scans per data row (1-16) 

D Programmable Monitor Sync Format 
Raster Scans/ Frame (256-1023) 
"Front Porch" 
Sync Width 
"Back Porch" 
Interlace/Non-Interlace 
Vertical Blanking 

D Lock Line Input (CRT 5057) 
D Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 

VTAC® 

Composite Sync (CRT 5027, CRT 5037) 
Blanking 
Cursor coincidence 

D Programmed via: 
Processor data bus 
External PROM 
Mask Option ROM 

D Standard or Non-Standard CRT Monitor Compatible 
D Refresh Rate: 60Hz, 50Hz, ... 
D Scrolling 

Single Line 
Multi-Line 

D Cursor Position Registers 
D Character Format: 5x7, 7x9, ... 
D Programmable Vertical Data Positioning 
D Balanced Beam Current Interlace (CRT 5037) 
D Graphics Compatible 

PIN CONFIGURATION 

A2 

A3 2 
cs 3 
R3 4 
R2 5 

GNO 6 
R1 

R0 
i3S 

LLl/CSYN 
VSYN 

DCC 

Voo 13 
Vee 14 

HSYN 15 
CRV 16 

BL 17 
OB7 18 

A1 

A0 
Hf) 

H1 
H2 

H3 
H4 
H5 
H6 
H7/0R5 

OR4 

OR3 

OR2 

OR1 
OR0 

OB~ 
OB1 

OB2 
OB6 19 OB3 
OB5 20 OB4 

PACKAGE: 40-Pin D.1.P. 

o Split-Screen Applications 
Horizontal 
Vertical 

D Interlace or Non-Interlace operation 
D TTL Compatibility 
D BUS Oriented 
D High Speed Operation 
D COPLAMOS'"' N-Channel Silicon 

Gate Technology 
D Compatible with CRT 8002 VDAC™ 
D Compatible with CRT 7004 

GENERAL DESCRIPTION 
The CRT Video Timer and Controller Chip (VTAC)'1': is a user programmable 40-pin COP LAMOS® n channel MOS/LSI 

device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. The data row 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly off an 8 bit bidirectional data bus. Four register 
address lines and a chip select line provide complete microprocessor compatibility for program controlled setup. The device 
can be"self loaded" via an external PROMtiedonthedata bus as described in the OPERATION section. Formatting can also 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines per data row. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRTs vertical refresh rate, as controlled by the VTAC's® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called "swim" phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 

259 

I 



Description of Pin Functions 
Input/ 

Pin No. Symbol Name Output Function 

25-18 DB.0-7 Data Bus 1/0 Data bus. Input bus for control words from microprocessor or 
PROM. Bidirectional bus for cursor address. 

3 cs Chip Select Signals chip that it is being addressed 
39,40,1,2 A,0-3 Register Register address bits for selecting one of seven control 

Address registers or either of the cursor address registers 
9 OS Data Strobe Strobes DB.0-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the data bus 
12 DCC DOT Counter Carry from off chip dot counter establishing basic character 

Carry clock rate. Character clock. 
38-32 H¢-6 Character 0 Character counter outputs. 

Counter Outputs 
7, 5,4 R1-3 Scan Counter 0 Three most significant bits of the Scan Counter; row select 

Outputs inputs to character generator. 
31 H7/DR5 H7/DR5 0 Pin definition is user programmable. Output is MSB of 

Character Counter if horizontal line count (REG.0) is :::=,,128; 
otherwise output is MSB of Data Row Counter. 

8 R,0 Scan Counter LSB 0 Least significant bit of the scan counter. In the inter-
laced mode with an even number of scans per data row, 
R0 will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, Riil will toggle 
at the data row rate. 

26-30 DR.0-4 Data Row 0 Data Row counter outputs. 
Counter Outputs 

17 BL Blank 0 Defines non active portion of horizontal and vertical scans. 
15 HSYN Horizontal Sync 0 Initiates horizontal retrace. 
11 VSYN Vertical Sync 0 Initiates vertical retrace. 
10 CSYN/ Composite Sync Output/ 0/1 Composite sync is provided on the CRT 5027 and CRT 5037. 

LLI Line Lock Input 

16 CRV Cursor Video 

14 Vee Power Supply 
13 Voo Power Supply 

SELRI SELRl!I 
39,40.1,2 

CHIPIELEC1 ,_3 ___ _.,, 

o.trmm~9-----i 

ADDRESS 
OECODE 

START 

SElJ'l.OAD 

This output is active in non-interlaced mode only. Provides a true 
RS-170 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC's® specified logic levels, is applied to this pin. 

0 Defines cursor location in data field. 
PS + 5 volt Power Supply 
PS + 12 volt Power Supply 

14 13 
+Sv +12v 

BLOCK DIAGRAM 
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Operation 
The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 

hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1. The information contained in these seven words consists of the following: 

Horizontal Formatting: 
Characters/Data Row 

Horizontal Sync Delay 

Horizontal Sync Width 

Horizontal Line Count 

Skew Bits 

Vertical Formatting: 
Interlaced/Non-interlaced 

Scans/Frame 

Vertical Data Start 

Data Rows/Frame 

Last Data Row 

Scans/Data Row 

Device Initialization: 

A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 
The standard device will be masked for the following character lengths; 20, 32, 
40,64,7Z8~96,and 132. 

3 bits assigned providing up to 8 character times for generation of "front porch". 

4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

A 2 bit code providing from a 0 to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal, vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 

This bit provides for data presentation with odd/even field formatting for inter
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 

8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 

1) in interlaced mode-scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode-scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (00000011 ). 
Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans (""' 3H). 

8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 

6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 16 scan lines per data row. 

Additional Features 

Under microprocessor control-The device can be reset under system or program control by presenting a 1010 address 
on A3-'1. The device will remain reset at the top of the even field page until a start command is executed by presenting a 1110 
address on A3-(3. 

Via "Self Loading"-ln a non-processor environment, the self loading seguence is effected by presenting and holding the 
1111 address on A3-0, and is initiated by the receipt of the strobe pulse (OS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by 
presenting the ~111 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 

Scrolling-In addition to the Register 6 storage of the last displayed data row a "scroll" command (address 1 '311) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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Horizontal Line Count: 
Characters/Data Row: 

Horizontal Sync Delay: 
Horizontal Sync Width: 

Skew Bits 

Scans/ Frame 

Vertical Data Start: 

Data Rows/Frame: 
Last Data Row: 

Mode: 
Scans/Data Row: 

Control Registers Programming Chart 

Total Characters/Line= N + 1, N =Oto 255 (DBO = LSB) 
DB2 DB1 DBO 
0 0 0 20 Active Characters/Data Row 
0 0 1 32 
0 1 0 40 
0 1 1 64 
1 0 0 72 
1 0 1 80 
1 1 0 96 
1 1 1 132 

= N, from 1to7 character times (DBO= LSB) (N =O Disallowed) 
= N, from 1 to 15 character times (DB3 = LSB) (N = 0 Disallowed) 

DB7 DB6 
0 0 
1 0 
0 1 
1 1 

Sync/Blank Delay Cursor Delay 

0 
1 
2 
2 

(Character Times) 
0 
0 
1 
2 

8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO = LSB) 
1) in interlaced mode-scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode-scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3 (00000011 ). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans ( =3H). 
N = number of raster lines delay after leading edge of vertical sync of 
vertical start position. (DBO = LSB) 
Number of data rows = N + 1, N = 0 to 63 (DBO = LSB) 
N = Address of last dsplayed data row, N = 0 to 63, ie; for 24 data rows, 
program N = 23. (DBO = LSB) 
Register, 1, DB7=1 establishes Interlace. 

Interlace Mode 
CRT 5027: Scans per Data Row = N + 1 where N = programmed number of 
scans/data rows. N = 0 to 15. Scans per data row must be even counts only. 
CRT 5037, CRT 5057: Scans per data Row = N + 2. N = 0 to 14, odd or even 
counts. 

Non-Interlace Mode 
CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, odd or 
even count. N = 0to15. 

DB'1 ,. 
h 

-v-..i-
.h 

"'"" 
-"""' .... 
...... ....._ 
""" .... 
... ....._ 
~ 

DB7 -pq. 
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Figure 4. 

SELF LOADING SCHEME 
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Register Selects/Command Codes 

A3 A2 A1 A'J Select/Command Description 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 

0 
0 
0 

0 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 

0 0 
0 1 
1 0 

Load Control Register 0 
Load Control Register 1 
Load Control Register 2 
Load Control Register 3 
Load Control Register 4 
Load Control Register 5 
Load Control Register 6 
Processor Initiated Self Load 

Read Cursor Line Address 
Read Cursor Character Address 
Reset 

Up Scroll 

Load Cursor Character Address* 
Load Cursor Line Address* 
Start Timing Chain 

Non-Processor Self Load 

See Table 1 

Command from processor instructing 
VTAC'8' to enter Self Load Mode (via ex
ternal PROM) 

Resets timing chain to !QQ left of page. Reset 
is latched on chip by OS and counters are 
held until released by start command. 
Increments address of first displayed data 
row on page. ie; prior to receipt of scroll 
command-top line = 0, bottom line = 23. 
After receipt of Scroll Command-top line= 
1, bottom line= 0. 

Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 
Devic~ill begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-'/J long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi
nated and timing chain initiated when the 
all "1 's"_QQndition is removed, indepen
dent of DS. For synchronous operation 
of more than one VTAC3 , the Dot Counter 
Carry should be held low when the com
mand is removed. 

·NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 
Register (REG 8) are enabled during states 0111 and 1000 of the R3-Rr/J Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 

TABLE 1 

BIT ASSIGNMENT CHART 
HORIZONTAL LINE COUNT SKEW BITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW 

REG~ I 71 I l I I I ~ I REG 3 1 ;t I 5 I i I I 01 REd 6 L--1 ..J...-..1-1 ~__._I ___._I __._i---Ll___.1----J~ I 
~gz~~~~~~~~AECOED/ H SjNC WIDTH~ DELAY 

REG 1 I 7161 I I ; 121@1 REG41 ~I 
SCAN LINES/FRAME CURSOR CHARACTER ADDRESS 

i 
I 

I I I ~I REG 
7 1 ~ I I I I 

SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS 

R~G 2 I I ~ I i I ~ I 2TJJ I REG s I ~ I I I I 10 I REG 8 L--1 ...___.__I ~__._I ___._I __._i----1.1 ___.l----J0 I 
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AC TIMING DIAGRAMS 

FIGURE 1 VIDEO TIMING 

DOT COUNTER I 
CARRY !'-----------------------'! I 

---------~PWL------------.*"r-----PWH---••~1 

Hf? 
H SYNC. V SYNC. BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 

Rkl-3 

FIGURE 2 LOAD READ TIMING 

FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 

DR)ll-5 ----------------+--------" 

*R0-3 and DR0-5 may change prior to the falling edge of H sync 

LINE LOCK IN 
(60 HZ, 50 HZ) 

CRT 5057 LOGIC 
THRESHOLD 

CRT 5057 LINE LOCK 

'-----.JI 
I 
I 

I I 
f4---1/F LINE LOCK~ 

i---11/F LINE LOCK ±1H--I 
I I 
I I 

----TOEL 1----•oi 

VERTlg~~ SYNC _____ _, '---+--------'_, .._ _______ _. 

HSYNC 

LINE 
LOCK 

IN 

VERTICAL 

l+-----3H----

SYNC ------~ 
OUT 

PROGRAM: SCANS/FRAME TO BE GREATER THAN fuNE LDC: MIN. x H 
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MAXIMUM GUARANTEED RATINGS'' 
Operating Temperature Range ............................................................... 0°C to + 70°C 
Storage Temperature Range .............................................................. -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... + 18.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 
Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transient9 on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V:!:5%, Voo= + 12V:!:5%, unless otherwise noted) 

Parameter Min. Typ. 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level, V1L 
High Level, V1H Vee-1.5 

OUTPUT VOLTAGE LEVELS 
Low Level-VoL for R~-3 
Low Level-VoL all others 
High Level-VoH for R0'-3, DB.0-7 2.4 
High Level-VoH all others 2.4 

INPUT CURRENT 
Low Level, l1L (Address, CS only) 
Leakage, liL (All Inputs except Address, CS) 

INPUT CAPACITANCE 
Data Bus, C1N 10 
DS, Clock, C1N 25 
All other, C1N 10 

DATA BUS LEAKAGE in INPUT MODE 
IDB 

POWER SUPPLY CURRENT 
Ice 80 
loo 40 

A.C. CHARACTERISTICS 
DOT COUNTER CARRY 

frequency 0.5 
PWH 35 
PWL 215 
tr, If 10 

DATA STROBE 
PWos 150ns 

ADDRESS, CHIP SELECT 
Set-up time 125 
Hold time 50 

DATA BUS-LOADING 
Set-up time 125 
Hold time 75 

DATA BUS-READING 
TDEL2 
TDEL4 5 

OUTPUTS: H~-7, HS, VS, BL, CRV, 
CS-ToEL1 

OUTPUTS: R(/-3, DR0-5 
TDEL3 * 

*R0-3 and DR0-5 may change prior to the falling edge of H sync 

Restrictions 

Max. 

0.8 
Vee 

0.4 
0.4 

250 
10 

15 
40 
15 

10 

100 
70 

4.0 

50 

10µs 

125 
60 

125 

750 

Unit 

v 
v 

v 
v 

µA 
µA 

pF 
pF 
pF 

µA 

mA 
mA 

MHz 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

Comments 

loL=3.2ma 
loL = 1.6ma 
loH=80µa 
loH=40µa 

V1N=0.4V 
O-:S.V1N-S.Vce 

0.4V ~VIN~ 5.25V 

Figure 1 
Figure 1 
Figure 1 
Figure 1 

Figure 2 

Figure 2 
Figure 2 

Figure 2 
Figure 2 

Figure 2, CL=50pF 
Figure 2, CL=50pF 

Figure 1, CL=20pF 

Figure 3, CL=20pF 

1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 
the standard WRITE and READ control signals from most microprocessors must be "NORed" externally to present a single 
strobe (OS) signal to the device. 
2. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 
HORIZONTAL TIMING 

START OF LINEN STARTOFLINEN+1 

V~11zzzzzzz~((E\~:2zzzzz1zz;r_Jd n l777m 
TERS PER DATA LINE 

HORIZONTAL SYNC DELAY 
!FRONT PORCH) 

HORIZONTAL SYNC WIDTH 

HORIZONTAL LINE COUNT= H 

VERTICAL TIMING 

START OF FRAME MOR ODD FIELD START OF FRAME M+ 1 OR EVEN FIELD 
---------SCAN LINES PER FRAME----------

____fl V/177 ZZZZl/lllTTllll/ZZlllZIZZ/1 n mz 
I· =:j· 

VERTICAL DATA 
START 

ACTIVE VIDEO= 
DATA ROWS PER FRAME ~VERTICAL SYNC 

:3H 

Composite Sync Timing 

n 
VoH 

HSYN01 

Vol! ----~ n n n n_ 
VOH i 

V SYNC i 
-+---------J 

VoL i i i 
r--H ~..---- H ____..1 

VoH • --Ht2-i • 
COMPOSITE 

SYNC VOL 

Vertical Sync Timing 

SCAN COUNTER IS HELD 
DATA-: H:- RESET DURING V BLANK 1 

~~~~~~~~~~ 
N = 9 0 2 4 6 B 0 ?. 4 6 8 0 0 2 4 6 8 0 2 4 6 B 

DATA ROW COUNTER 

~~~~~~l~SBt~~~ COUNT~ 

~~0~f?R~o;i._ __ ~ __ ___,I 23 

0 

VERTICAL 
SYNC 

rVERTICAL DATA START SCAN= 1REGS) 

lllllllWJJWillJ 

EXAMPLE BASED ON Non-ln1erlaced (Reg 1. 8117 = 0). 24 da1a rows. 10 scans/data row 

Start-up, CRT 5027 
When employing microprocessor controlled loading of the CRT 5027's registers, the following se
quence of instructions is necessary: 

ADDRESS COMMAND 
1 1 1 0 Start Timing Chain 
1 0 1 0 Reset 
0 0 0 0 Load Register 0 

0 1 0 Load Register 6 
1 1 0 Start Timing Chain 

The sequence of START RESET LOAD START is necessary to insure proper initialization of the 
registers. 
This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is optional with the CRT 5037 or CRT 5057. 

35MMcusBlvd.~.NV11788 
(5161273·3100 TWX-510·227-8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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CRT 5047 
JLPC FAMILY 

Preprogrammed CRT Video Timer and Controller 
VTAC® 

FEATURES PIN CONFIGURATION 
D Preprogrammed (Mask-Programmed) Display Format 

80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 

D Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-Interlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 

D Fixed Character Rate 
1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 

Wide Character Block 
D Character Format 

5 X 7 Character in a 7 X 9 Block 
D Compatible with CRT 8002B-003 VDACT" 
D Compatible with CRT 7004B-003 

A2 

A3 

cs 38 

R3 37 H1 

R2 36 H2 

GNO 35 H3 

R1 34 H4 

R0 

iIB 

·o~ 
H6 

CSYN 10 31 H7/DRS 

VSYN 11 30 OR4 

DCC 12 29 DR3 

Voo 13 28 OA2 

Vee 14 27 DR1 

HSYN 15 26 DR0 

CRV 16 25 DB0 

BL 17 24 081 

067 18 23 062 

OB6 19 22 DB3 

OBS 20 21 DB4 

PACKAGE: 40-pin D.l.P. 

D May be mask-programmed with other display formats 

GENERAL DESCRIPTION 

The two chip combination of SMC's CRT 5047 and 
CRT 80028-003 effectively provide all of the video elec
tronics for a CRT terminal. This chip set along with a 
µC form the basis for a minimum chip count CRT 
terminal. 

The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 

The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces-
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sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 

Reset Load Control Register 6 Start Timing Chain 

The parameters of the CRT 5047 have been selected to 
be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC™ is taken into account, 
the effective timing is: Horizontal Front Porch-four 
characters, and Horizontal Back Porch-eight characters. 

Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 
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VTAC® WORK SHEET 

1. H CHARACTER MATRIX {No. of Dots): . _5_ 11. TOTAL VERTICAL FRAME {Add steps 
262 2. V CHARACTER MATRIX 7 thru 10 =No. in Horiz. Scan Lines): .. ·--

{No. of Horiz. Scan Lines): ............ _ 7 _ 12. HORIZONTAL SCAN LINE RATE 
15 720 3. H CHARACTER BLOCK {Step 1 + 

7 
{Step 5 x Step 11 =Freq. in KHz): ..... ·-· _ 

Desired Horiz. Spacing =No. in Dots): .. __ 13. DESIRED NO. OF CHARACTERS 
80 4. V CHARACTER BLOCK {Step 2 + PER HORIZ. ROW: .................... __ 

Desired Vertical Spacing = No. in · 
9 

14. HORIZ. SYNC DELAY {No. in Character 
6 Horiz. Scan Lines): .................... __ Time Units; T = 3.817 µs**): .......... ·--

5. VERTICAL FRAME {REFRESH) RATE 
60 

15. HORIZ. SYNC (No. in Character Time 
8 {Freq. in Hz): ......................... __ Units; T = 5.090 µs**): ................ ·--

6. DESIRED NO. OF DATA ROWS: ........ ~ 16. HORIZ. SCAN DELAY (No. in Character 
6 7. TOTAL NO. OF ACTIVE "VIDEO Time Units; T = 3.817 µs**): .......... ·--

DISPLAY" SCAN LINES {Step 4 x 
216 

17. TOTAL CHARACTER TIME UNITS IN (1) 
Step 6 = No. in Horiz. Sea~ Lines_): ..... __ HORIZ. _SCAN LINE {Add Steps 13 

100 8. VERT. ?YNC DELAY {No. in Honz. 
16 

thru 16) .............................. ·--
Scan Lines): .... : ..... : ........ : ...... __ 18. ~HARA~TER R~TE {Step 12 x Step 17 

1
.
572 9. VERT. SYNC {No. in Honz. Scan Lines; - Freq. in MHz) ....................... --

T= 190.8 µs*): ........... : ..... : ....... _3_ 19. ~LOCK _{DOT) ~ATE {Step 3 x Step 18 
11

.
004 10. VERT. SCAN DELAY {No. in Honz. 

27 
- Freq. in MHz) ..... · ................ ·--

Scan Lines; T= 1.718 ms*): ............ __ *Vertical Interval **Horizontal Interval 

ADDRESS 
REG.# A3 AO FUNCTION BIT ASSIGNMENT HEX. DEC. 

0 0000 HORIZ. LINE COUNT ___!QQ__ 10111110101011111 63 99 

0001 INTERLACE 0 
H SYNC WIDTH-+-

1°1 1 1°1°1°1 1 11 1°1 H SYNC DELAY ___ 46 70 

2 0010 SCANS/DATA ROW __ 9_ 
CHARACTERS/ROW ___fill___ lxl1lololol1lol1I 45 69 --

3 0011 SKEW CHARACTERS __Q&_ 
DATA ROWS~ lololol1lol1l1l1I 17 23 --

4 0100 SCANS/FRAME~ 
X=_3_ 10101010101011111 03 03 --

5 0101 VERTICAL DATA START 
= 3 +VERTICAL SCAN DELAY: 
SCAN DELAY__%!__ loT 0 1°1 1 l 1 l 1 l 1 1°1 1E 30 DATA START~ --

6* 0110 LAST DISPLAYED DATA ROW 
Ix Ix I I I (= DATA ROWS) ---

*Register 6 has an initialization option. It is loaded with the data contained in Register3 by a "Load Register6" command. 
The "Up Scroll" command can be used to effect scrolling operations. 

STANDARD MlmosvsTEMS 
CORPORATION ..... 

3SMirtuSBMl.~.NY11788 
(516)273·3100 TWX·S10·227-15898 

Figure 1: CRT 5047 Mask Programmed Registers 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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CRT7004 
µpc FAMILY 

Dot Matrix Character Generator 
128 Characters of 7 x 11 Bits 

FEATURES 
D On chip character generator (mask programmable) 

128 Characters 
7 x 11 Dot matrix block PIN CONFIGURATION 

D On chip video shift register 
Maximum shift register frequency 

CRT 7004A 20MHz 
CRT 70048 15MHz 
CRT 7004C 1 OM Hz 
Access time 400ns 

D No descender circuitry required 
D On chip cursor 
D On chip character address buffer 
D On chip line address buffer 
D Single + 5 volt power supply 
D TTL compatible 

NC 1 24 GND 

so 2 23 PE 

Vee 3 22 NC 

LS 4 21 VDC 

PAST 5 20 CUR 

L1 6 19 AS 

CLR 7 18 LCI 

L2 8 17 A? 

L4 9 16 A6 

LB 10 15 AS 

A1 11 14 A4 
D MOS N-channel silicon-gate COPLAMOS® process 
D CLASP® technology-ROM 

A2 12 13 A3 

D Compatible with CRT 5027 VTAC® 
D Enhanced version of CG5004L-1 

GENERAL DESCRIPTION 

SM C's CRT 7004 is a high speed charac
ter generator with a high speed video 
shift register designed to display 128 
characters in a 7 x 11 dot matrix. The 
CRT 7004 is an enhanced, pin for pin 
compatible, version of SMC's CG5004L-1. 
It is fabricated using SM C's patented 
COPLAMOS® and CLASP® technologies 
and employs depletion mode loads, 
allowing operation from a single + 5v 
supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is a companion chip to 
SMC's CRT 5027 VTAC®. Together these 
two chips comprise the circuitry required 
for the display portion of a CRT video 
terminal. 

PACKAGE: 24-Pin D.l.P. 

FUNCTIONAL BLOCK DIAGRAM 

Address 
Strobe 

Character 
Address 

Lower Case 
lnh1b1t 

Cursor 

Line Strobe 

Parallel ______ __, 
Enable 
Clock------+1 

Line Address 

Decoder 

ROM 

Shift Register 

Preset------------~ 

Clear----------------' 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... 0°C to + 70°C 
Storage Temperature Range ......................................... : .................... -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 8.0V . 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V::t5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, v,L 0.8 v excluding voe 
High-level, v,H 2.0 v excluding voe 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, v,L 0.8 v 
High-level, v,H 4.3 v See AC Timing Diagram 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 v IOL = 0.4 mA, 74LSXX load 
High-level, VoH 2.4 v loH= -20µ.A 

INPUT CURRENT 
Leakage, IL 100 µA VrN = 0, LS, AS, A1-A7, Cursor LCI 

10 µA O~VrN~Vcc• All others 
INPUT CAPACITANCE 

Data 10 pF @1 MHz 
PE 20 pF @1 MHz 
CLOCK 25 pF @1 MHz 

POWER SUPPLY CURRENT 
Ice 100 mA 

CRT 7004A CRT 70048 CRT 7004C 
SYMBOL PARAMETER UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

VDC Video Dot Clock Frequency 1.0 20 1.0 15 1.0 10 MHz 

PWH VDC-High Time 13.5 21 36 ns 

PWL VDC-LowTime 13.5 21 36 ns 

tcvAS Address strobe to PE high 400 533 800 ns 

tcvLS Line strobe to PE high 1.0 1.0 1.0 µS 

t., tf Rise, fall time 10 10 10 ns 

t, PE set-1.!P time 5 20 20 ns 

t2 PE hold time 15 15 15 ns 

ASpw Address strobe pulse width 50 50 50 ns 

LSpw Line strobe pulse width 50 50 50 ns 

tseT-UP Input set-up time ~o ~o ~o ns 

tHOLD Input hold time 15 15 15 ns 

tPdr, tPdo Output propagation delay 45 60 90 ns 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 
1 NC No Connection 
2 so Serial Output The output of the dynamic shift register is clocked out 

on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 

3 Vee Power Supply + 5 volt supply 
4 LS Line Strobe A positive pulse on this input enters data from the L 1, 

L2, L4, LB lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to V cc by an internal resistor. Data on the L 1 to LB 
inputs is then entered directly into the register without 
any latching action. 

5 PRST Preset A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 

6,B,9,10 L1, L2, Line Address A binary number N, on these four inputs address the Nth 
L4,LB line of the character font for N = 1-11. If lines 0, 12, 13, 

14or15 are addressed, the parallel inputs to the shift 
register are all forced low. 

7 CLR Clear A high level on this input forces the last stage of the shift 
register and the serial output to a logic low and will be 
latched (for a character time) by PE. Clear overrides 
preset. 

11-17 A1-A7 Character Address The seven-bit word on these inputs is decoded internally 
to address one of the 12B available characters. 

1B LCI Lower Case Inhibit A high level on this input transforms the address of a 
lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 
A6 low whenever A7 and LCI are high. 

19 AS Address Strobe A positive pulse on this input enters data from the A1-A7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Vee by an internal resistor. The data on the A1-A7, LCI 
and CUR inputs is then entered directly into the register 
without any latching action. 

20 CUR Cursor* A high level on this input causes the cursor pattern to be 
superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 11. 

21 CLK Clock Frequency at which video (SO) is shifted. 
22 NC No Connection 
23 PE Parallel Enable A high level on this input loads the word at the output of 

the ROM into the shift register. The PE input must then 
be brought low again to allow the shift register to clock 
out this word. 

24 GND Ground Ground 

4.3v 
CLK 

' +~ ~··~ ' 
a.av 

PE 

[/// !, """""" ~"'-1 ........ 1 ____________ _ 

.:

1

•

11

•• /// ~""'-""'- I 2.av 

-----1 1-----------..... - a.av ! L____ _____, I . ,-----"- - - -, '" 
AS-----1' I v ""...-----a.av 

~1

1 ~- _'.1r A1-A7,CUR, 
LCI 

SO(Videol 

-l !;:: -i !HOLD I- a.av 
! tSET·UP __ x __ 2.4v 

a.4v 

r . ...._ __ t,o, ·I 
t,oo 

AC TIMING DIAGRAM 
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XTAL SD R 

7404 c 7404 

VIDEO DOT 
CLOCK 

MICRO
PROCESSOR 

DATA BUS 

74160 
DOT 

COUNTER 
(-;-N) 

CP 

CARRY 

~ CHARACTER CLOCK 
~----------•-•DCC 

Bl-DIRECTIONAL DATA BUS 

H SYNC 
HORIZ.SYNC 

r.===============c:;t=:;i DB.0-7 V SYNC 
VERT. SYNC 

COMPOSITE 
C SYNC 

SYNC 

ADDRESS BUS 4 

BL 
BLANKING 

DATA STROBE 
.-r-----------------.DS 

VIDEO 

8 CHARACTER COLUMN 
rv-;----------t H0-7 

6 CHARACTER ROW 
IV-f----------t DR0-5 

CHARACTER 
ADDRESS 
BUS 

·2-PORT RAM 
1Kx8 TO 4Kx8 

CHARACTER 
FRAME 
BUFFER 

OUT 

·oR 1 PORT RAM 
WITH Bl-DIRECT 
PORT 

R0-3 CRV 

4 
RASTER 
SCAN 
COUNTER 

(') 
c 
JJ 
(J) 

0 
JJ 
"r1 
r 
)> 
Cl 

RETRACE 
BLANKING 

SERIAL 
OUTPUT 

CRT 5027 VTAC 
CRT 7004 VDAC 

µP CONFIGURATION 

-i 
0 
(') 
JJ 
-i 
;::: 
0 
z 
=i 
0 
JJ 

~1--C6-~-o:-o+-c-:0-~1-co-+--c~-.1-:-o-+-c-6.-.. c-o-+-c-:-'°-:-o+-c-6.-.. c-o-+-c-s.-.. -co-+--c6-.. -.c-o+-c-6.-.. c-o-+--c6-.. -.c-o+-c-6.-.. -co-+-c-s-.. -.c-o+-c6-.-.. c-o-+-c-s.-.. -co-1--c6-''1_.:-o-+-c-:-11-~o~ 
000 

001 

010 

011 

101 

110 

A1 =~~~~~= =~~~~~~ ggg:ggg gggggg: :gg~ggg =~~~~~= ggggggg ggggggg ggggggg ~~~~ggg MM~~~ :gg:gg: ~~g:g~~ ggg~~~~ g~~~~~g g~~~~~g 
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ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 

R1 ggggggg ggg:ggg gg:g:gg g:ggg:g ggg:ggg ~~~ggg~ ~~~~888 ggg:ggg 8§§~~8§ §8~~ggg ggg~ggg ggg~ggg ggggggg ggggggg ggggggg gggggg~ 
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:1111111111111111 
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R11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ~~~~~~~ ggggggg ggggggg gg~~~gg ggggggg ggggggg ggggggg ggggggg ggggggg 
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*CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
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1 2 3 4 5 6 7 1 /8 2/1 

CLOCK 

PE H 
--, 

CH ::~~J CH r--, CH D~TS: 8 I 

1 2 3 IOOTSI 4 

--, 
CH 

r--, 
CH 

r--, 
CH __JCfl_ CH Jrsl I 8 I I 8 I 

2 3 
IDOTSI 4 IDOTSI 5 

AS CH 
=---' 1 ._____ ___ ___. 

LSJYi--~~~~~~~~~~~~~~~~~~~~~~~~ 

A1-A7, 
CUR,LCI 

PRESET 

SO VIDEO 
7 DOT FIELD-............. "'--"'.........,-"""--"'-........__-=-=-....~~'-'""-=-=--=-~ 

SO VIDEO 
8 DOT FIELD __,-=----........_........,._..,._-""-...._....._..,,_."'-"'.........,~-=--=--'--"""-"' 

BF= Back Fill 

TYPICAL VIDEO OUTPUT 

Vee CLK (to chip) 

CP EXTERNAL -----1 r------~~~-----~CLK Q...----- PE (to chip) 

74S74 

LOAD/SHIFT EXTERNAL----D 

NOTE 
The differences between the CRT 7004 and CG5004L-1 are detailed below: 

CG5004L-1 
1. If both the Preset and Clear inputs are 

brought high simultaneously the Serial 
Output is disabled and may be wire-ORed. 

2. All lnputsV1H =Vee -1.5v 

3. SO Vot = 0.4v@ lot= 0.2mA 
4. Shift Register is static 
5. Clear-directly forces the output low; when 

released, the output is determined by the 
state of the shift register output. 

6. General Timing Differences-See Timing 
Diagram 
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CRT 7004 
1. Clear overrides Preset, no output disable is 

possible. 

2. All inputs (except CLK) V1H = 2.0v, min. 
CLK V1H = 4.3v, min. 

3. SO Vot = 0.4v@ lot= 0.4mA 74LSXX load 
4. Shift Register is dynamic 
5. Clear directly forces the output low and will 

be latched (for a character time) by PE. 

6. General Timing Differences-See Timing 
Diagram 
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STANDARD MICROSYSTEMS 
CORPORATION, 

CRT 7004-003 
(5 X 7 ASCII) 

000 

001 

010 

101 

CODING INFORMATION 

Dot Matrix Character Generator 

()()()() 0001 0010 0011 0100 0101 0111 

C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO C6 ... CO 

ITT:8{~'~~o!.~8°8(8§:8~~~~=o:•~8(8~8°:8~~~~~~(8~8°8§ 00o•0o0~~~~~~~~~~~~~ ggg~ggg gg~~ggg gg~gggg g~g~ggg ~ggg~gg gg~gggg ~~~~~gg :g~~:gg gggg~gg 8M~ggg ~gg~~gg ~:~M88 •••••oo •••••oo •••••Do ••• •••••DD •••••DD •••••DD •••••DD •••••oo •••••DD •••••oo •••••DD •••••DD •••••DD 0000000 oo•oooo 0000000 0000000 0000000 0000000 ooooaoo 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 

R11 ggggggg ggggggg ggggggg ggggggg ggggggg §§§§§§§ ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 
Al 

All 

All 

All 

R1 0000000 0000000 0000000 0000000 oo•oooo 0000000 ommooo 

m1~11 mm1 mm1 !mm ~mm nmH umH 0000088 ~8§8~§§ §~~~8§§ ~~~~~§§ g 
0000000 oooooao oooooao oooaooo 0000000 0000000 0000000 0000000 0000000 0000000 0000000 

All ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 

The Cursor for the CRT 7004-003 is presented as a double underscore on Rows 8 and 9. 
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CRT7220 
CRT7220-1 
CRT7220-2 

Graphics Display Controller 

FEATURES 
D Microprocesser Interface 

OMA transfers with 8257- or 8237-type controllers 
FIFO Command Buffering 

D Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles in 
under800ns 
Dynamic RAM refresh cycles for nonaccessed memory 

D Light Pen Input 
D External video synchronization mode 
D Graphics Mode 

Four megabit, bit-mapped display memory 
D Character Mode 

BK character code and attributes display memory 
D Mixed Graphics and Character Mode 

64K if all characters 
1 megapixel if all graphics 

D Graphics Capabilities 
Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 800ns per pixel 
Display 1024-by-1024 pixels with 4 planes of color 
or grayscale 
Two independently scrollable areas 

D Character Capabilities 
Auto cursor advance 
Four independently scrollable areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 

PIN CONFIGURATION 

2xWCLK 1 40 Vee 
nID"fJ 39 A17 

HSY NC 38 A16 
V/EXTSYNC 37 AD15 

BLANK 36 AD14 
ALE 6 35 AD13 

DRQ 7 34 AD12 

OACR 8 33 AD11 
J1J:j 9 

D 
32 AD10 

WR 10 31 AD9 
AO 11 30 ADS 

DBO 12 29 AD7 
DB1 13 28 AD6 
DB2 14 27 AD5 
DB3 15 26 AD4 
DB4 16 25 AD3 
DB5 17 24 AD2 
DB6 18 23 AD1 
DB7 19 22 ADO 

GND 20 21 LPEN 

PACKAGE: 40-pin D.l.P. 

D Video Display Format 
Zoom magnification factors of 1 to 16 
Panning 
Command-settable video raster parameters 

D Technology 
D Single + 5 volt Power Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D OMA Capability 

Bytes or word transfers 
4 clock periods per byte transferred 

GENERAL DESCRIPTION 

The CRT 7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graph-· 
ics and character display system. Positioned between the 
video display memory and the microprocessor bus, the GDC 
performs the tasks needed to generate the raster display 
and manage the display memory. Processor software over
head is minimized by the GDC's sophisticated instruction 
set, graphics figure drawing, and OMA transfer capabilities. 
The display memory supported by the GDC can be config
ured in any number of formats and sizes up to 256K 16-bit 
words. The display can be zoomed and panned, while par
titioned screen areas can be independently scrolled. With 
its light pen input and multiple controller capability, the GDC 
is ideal for advanced computer graphics applications. 

The GDC is designed to work with a general purpose micro
processor to implement a high-performance computer 
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graphics system. Through the division of labor established 
by the GDC's design, each of the system components is 
used to the maximum extent through a six-level hierarchy 
of simultaneous tasks. At the lowest level, the GDC gen
erates the basic video raster timing, including sync and 
blanking signals. Partitioned areas on the screen and 
zooming are also accomplished at this level. At the next level, 
video display memory is modified during the figure draw
ing operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing pro
gresses. Outside the GDC at the next level, preliminary cal
culations are done to prepare drawing parameters. At the 
fifth level, the picture must be represented as a list of graph
ics figures drawable by the GDC. Finally, this representa
tion must be manipulated, stored, and communicated. By 
handling the first three levels, the GDC takes care of the 
high-speed and repetitive tasks required to implement a 
graphics system. 
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DREQ OMA Video Sync 
HSYNC 
V/EXTSYNC 

DACK Control Generator BLANK 

Microprocessor Memory ALE Interface 
with Timing ffiiiN 

Status Reg. Generator 

DATA READ Reg. 

Zoom& Pan 

FIFO Controller 
Buffer 
16x9 

Drawing 
Controller 

Command 
Processor 

with 
Control ROM Display 

128x 14 Memory 
Controller 

with 

Parameter 
Refresh Counter 

Line Counter 
RAM RMW Data Path 
16X8 

Light Pen 
+5Vo-- Deglltch and LPEN 
GNDO-- Register 

2xWCLKO-- Logic 

DESCRIPTION OF PIN FUNCTIONS 
PINNO. SYMBOL IN/OUT FUNCTION 

1 2XWCLK IN Clock Input 
2 OBIN OUT Display Memory Read Input Flag 

3 HSY NC OUT Horizontal Video Sync Output 
4 V/EXTSYNC IN/OUT Vertical Video Sync Output or External VSYNC Input 

5 BLANK OUT CRT Blanking Output 

6 ALE (RAS) OUT Address Latch Enable Output 
7 DRQ OUT DMA Request Output 

8 DACK IN DMA Acknowledge Input 

9 RD IN Read Strobe Input for Microprocessor Interface 

10 WR IN Write Strobe Input for Microprocessor Interface 
11 AO IN Address Select Input for Microprocessor Interface 

12-19 DBO-DB7 IN/OUT Bidirectional data bus 
20 GND - Ground 
21 LPEN IN Light Pen Detect Input 

22-34 ADO-AD12 IN/OUT Address and Data Lines to Display Memory 
35-37 AD13-AD15 IN/OUT Character Mode: Line Counter Outputs, Bits 0-2 

Mixed Mode: Address and Data Bits 13-15 
Graphics Mode: Address and Data Bits 13-15 

38 A16 OUT Character Mode: Line Counter Output, Bit 3 
Mixed Mode: Attribute Blink and Clear Line Counter Output 
Graphics Mode: Address Bit 16 Output 

39 A17 OUT Character Mode: Cursor Output and Line Counter Bit 4 
Mixed Mode: Cursor and Bit Map Area Flag Output 
Graphics Mode: Address Bit 17 Output 

40 vcc - + 5 Volt Power Supply 
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FUNCTIONAL DESCRIPTION 

Microprocessor Bus Interface 
Control of the GOC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The sta
tus register is readable at any time. Access to the FIFO buffer 
is coordinated through flags in the status register and oper
ates independently of the various internal GOC operations, 
due to the separate data bus connecting the interface and 
the FIFO buffer. 

Command Processor 
The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the GOC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 

DMAControl 
The OMA control circuitry in the GOC coordinates transfers 
over the microprocessor interface when using an external 
OMA controller. The OMA Request and Acknowledge 
handshake lines directly interface with a OMA controller, so 
that display data can be moved between the microproces
sor memory and the display memory. 

Parameter RAM 
The 16-byte RAM stores parameters that are used repeti
tively during the display and drawing processes. In char
acter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets 
of parameters. 

Video Sync Generator 
Based on the clock input, the sync logic generates the ras
ter timing signals for almost any interlaced, non-interlaced, 
or "repeat field" interlaced video format. The generator 
is programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between 
multiple GOCs. 

Memory Timing Generator 
The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read-mod
ify-write (RMW) cycle which takes four clock periods. The 
memory control signals needed to drive the display mem
ory devices are easily generated from the GOC's ALE and 
OBIN outputs. 

Zoom & Pan Controller 
Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address and 
line count of the next display area from the parameter RAM. 
The system microprocessor, by modifying a display area 
starting address, can pan in any direction, independently of 
th~ other display areas. 

Drawing Controller 
The drawing processor contains the logic necessary to cal
culate the addresses and positions of the pixels of the var
ious graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 

Display Memory Controller 
The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor
mation in and out of the display memory. It also contains the 
16-bit logic unit used to modify the display memory con
tents during RMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var
ious types of cycles. 

Light Pen Deglitcher 
Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi
cates to the system microprocessor that the light pen reg
ister contains a valid address. 

PROGRAMMER'S VIEW OF GDC 
The GOC occupies two addresses on the system micropro
cessor bus through which the GOC's status register and 
FIFO are accessed. Commands and parameters are writ
ten into the GOC's FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 

AO READ WRITE 

Status Register Parameter Into FIFO 

0 I I I I I I I I I I I I I I I I I I 
FIFO Read Command Into FIFO 

1 I I I I I I I I I I I I I I I I I I 

GDC Microprocessor Bus Interface Registers 

Commands to the GOC take the form of a command byte 
followed by a series of parameter bytes as needed for spec
ifying the details of the command. The command processor 
decodes the commands, unpacks the parameters, loads 
them into the appropriate reigsters within the GOC, and ini
tiates the required operations. 
The commands available in the GOG can be organized into 
five categories as described in the following section. 

GDCCOMMANDSUMMARY 

Video Control Commands 
1. RESET Resets the GOC to its idle state. 
2. SYNC Specifies the video display format. 
3. VSYNC Selects master or slave video synchro

nization mode. 
4. CCHAR Specifies the cursor and character row 

heights. 
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Display Control Commands 
1. START Ends Idle mode and unblanks the display. 
2. BCTRL Controls the blanking and unblanking of 

the display. 
3. ZOOM Specifies zoom factors for the display and 

graphics characters writing. 
4. CURS Sets the position of the cursor in display 

memory. 
5.PRAM Defines starting addresses and lengths 

of the display areas and specifies the 
eight bytes for the graphics character. 

6. PITCH Specifies the width of the X dimension of 
display memory. 

Drawing Control Commands 
1. WDAT Writes data words or bytes into display 

memory. 
2. MASK Sets the mask register contents. 
3. FIGS Specifies the parameters for the drawing 

controller. 
4. FIGD Draws the figure as specified above. 
5. GCHRD Draws the graphics character into dis

play memory. 

Data Read Commands 
1. ROAT: Reads data words or bytes from display 

memory. 
2. CURD: Reads the cursor position. 
3. LPRD: Reads the light pen address. 

OMA Control Commands 
1. OMAR Requests a OMA read transfer. 
2. DMAW Requests a OMA write transfer. 

STATUS REGISTER FLAGS 

1111 
1 ~

DataReady 
FIFO Full 

FIFO Empty 
L-------Drawing in Progress 

OMA Execute 

Vertical Sync Active 

~~~~~:t~IC:;e:~ Active 

Status Register (SR) 

SR-7: Light Pen Detect 
When this bit is set to 1, the light pen address (LAD) register 
contains a deglitched value that the system microprocessor 
may read. This flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read command. 

SR-6: Horizontal Blanking Active 
A 1 value for this flag signifies that horizontal retrace blank
ing is currently underway. 

SR-5: Vertical Sync 
Vertical retrace sync occurs while this flag is a 1. The verti
cal sync flag coordinates display format modifying com
mands to the blanked interval surrounding vertical sync. This 
eliminates display disturbances. 

SR-4: OMA Execute 
This bit is a 1 during OMA data transfers. 

SR-3: Drawing in Progress 
While the GDC is drawing a graphics figure, this status bit 
is a 1. 

SR-2: FIFO Empty 
This bit and the FIFO Full flag coordinate system micropro
cessor accesses with the GDC FIFO. When it is 1, the Empty 
flag ensures that all the commands and parameters previ
ously sent to the GDC have been interpreted. 

SF-1: FIFO Full 
A 1 at this flag indicates a full FIFO in the GDC. AO ensures 
that there is room for at least one byte. This flag needs to 
be checked out before each write into the GDC. 

SR-0: Data Ready 
When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must· be 
tested before each read operation. It drops to a O while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 

FIFO OPERATION & COMMAND PROTOCOL 
The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc
tion is controlled by the system microprocessor through the 
GDC's command set. The host microprocessor coordi
nates these transfers by checking the appropriate status 
register bits. 
The command protocol used by the GDC requires differ
entiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation code 
and the remaining bytes carry parameters. Writing into the 
GDC causes the FIFO to store a flag value alongside the 
data byte to signify whether the byte was written into the 
command or the parameter address. The command pro
cessor in the GDC tests this bit as it interprets the entries in 
the FIFO. 
The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation from 
the GDC to the microprocessor can be terminated at any 
time by the next command. 
The FIFO changes direction under the control of the system 
microprocessor. Commands written into the GDC always 
put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as ROAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
GDC's command processor. Any commands and param
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 

READ-MODIFY-WRITE CYCLE 
Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
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memory cycle is used for all interactions with display mem
ory including OMA transfers, except for the two clock period 
display and RAM refresh cycles. 
The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 
The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the Logic 
Unit. For the next pixel in the figure, the next bit in the Pat
tern register is selected and the Mask register bit is moved 
to identify the pixel's location within the word. The Execu
tion word address pointer register, EAD, is also adjusted as 
required to address the word containing the next pixel. 
In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify data 
word. Since the bits of the character code word are used in 
parallel, unlike the one-bit-at-a-time graphics drawing pro
cess, this facility allows any or all of the bits in a memory 
word to be modified in one RMW memory cycle. The Mask 
register must be loaded with 1 sin the positions where mod
ification is to be permitted. 
The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit dAD 
field to specify the dot address. The command processor 
converts this parameter into the one-of-16 format used in 
the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, the 
16-bit MASK load is convenient in graphics mode when all 
of the pixels of a word are to be set to the same value. 
The Logic Unit combines the data read from display mem
ory, the Pattern Register, and the Mask register to generate 
the data to be written back into display memory. Any one of 
four operations can be selected: REPLACE, COMPLE
MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1, the modification is 
enabled. With the REPLACE operation, the Pattern Reg
ister data simply takes the place of the read data for mod
ification enabled bits. For the other three operations, a O in 
the modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 

FIGURE DRAWINGS 
The GDC draws graphics figures at the rate of one pixel per 
read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre
quency of SMHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 
The graphics figure drawing process depends on the dis
play memory addressing structure. Groups of 16 horizon
tally adjacent pixels form the 16-bit words which are handled 
by the GDC. Display memory is organized as a linearly 

addressed space of these words. Addressing of individual 
pixels is handled by the GDC's internal RMW logic. 
During the drawing process, the GDC finds the next pixel of 
the figure which is one of the eight nearest neighbors of the 
last pixel drawn. The GDC assigns each of these eight 
directions a number from 0 to 7, starting with straight down 
and proceeding counterclockwise. 

Drawing Directions 

Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel figure. To move to the 
word above or below the current one, it is necessary to sub
tract or add the number of words per line in display memory. 
This parameter is called the pitch. To move to the word to 
either side, the Execute word address cursor, EAD, must be 
incremented or decremented as the dot address pointer bit 
reaches the LSB or the MSB of the Mask register. To move 
to a pixel within the same word, it is necessary to rotate the 
dot address pointer register to the right or left. 

The table below summarizes these operations for each 
direction. 

Dir Operations to Address the Next Pixel 

000 EAD + P-+EAD 

001 EAD + P-+EAD 
dAD(MSB) = 1:EAD + 1.-+ EAD 

010 dAD (MSB) = 1 :EAD + 1 -+ EAD 

011 
EAD - P-+EAD 
dAD (MSB) = 1 :EAD + 1-+ EAD 

100 EAD - P-+EAD 

101 
EAD - P-+EAD 
dAD (LSB) = 1 :EAD - 1 -+ EAD 

110 dAD (LSB) = 1 :EAD - 1 -+ EAD 

111 
EAD + P-+EAD 
dAD (LSB) = 1 :EAD - 1 -+ EAD 

Where P = Pitch, LR = Left Rotate, RR = Right Rotate, 
EAD = Execute Word Address, and 
dAD = Dot Address stored in the Mask Register. 

dAD-+LR 

dAD-+LR 

dAD-+LR 

dAD-+RR 

dAD-+RR 

dAD-+RR 

Whole word drawing is useful for filling areas in memory with 
a single value. By setting the Mask register to all 1 s with the 
MASK command, both the LSB and MSB of the dAD will 
always be 1, so that the EAD value will be incremented or 
decremented for each cycle regardless of direction. One 
RMW cycle will be able to effect all 16 bits of the word for 
any drawing type. One bit in the Pattern register is used per 
RMW cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 
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For the various figures, the effect of the initial direction upon 
the resulting drawing is shown below: 

Dir Line Arc 

000 ~# ~,~/ 

001 ~ v 
A 

•, 
010 :'', u 
011 ~ (>~ 
100 ~~ ",<] 

A 
~ 

101 
,.,.': 
~ 

v ~ 110 ', I 

',j 

111 ~ ·~:,-) 

Character Slant Char 

lJ1JlJl1 ~ 
~ ~ 
~ g 
~ j 

flJ1J1J1 ~ 
~ ~ 
~ f 
~ ~ 

Rectangle 

D 

0 
D 

0 
D 

0 
D 

0 

OMA 

N\l 

~ 
Z= 
~ 
m 
~ 
~ 
~ 

Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR value. 
Arc drawing starts in the direction initially specified by the 
DIR value and veers into an arc as drawing proceeds. An 
arc may be up to 45 degrees in length. DMA transfers are 
done on word boundaries only, and follow the arrows indi
cated in the table to find successive word addresses. The 
slanted paths for DMA transfers indicate the GDC chang
ing both the X and Y components of the word address when 
moving to the next word. It does not follow a 45 degree diag
onal path by pixels. 

DRAWING PARAMETERS 
In preparation for graphics figure drawing, the GDC's Draw
ing Processor needs the figure type, direction and drawing 
parameters, the starting pixel address, and the pattern from 
the microprocessor. Once these are in place within the GDC, 
the Figure Draw command, FIGD, initiates the drawing 
operation. From that point on, the system microprocessor 
is not involved in the drawing process. The GDC Drawing 

GRAPHICS CHARACTER DRAWING 
Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
into the GDC's parameter RAM by the system micropro
cessor. Consequently, there are no limitations on the char
acter set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis
play memory as many times as desired without reloading 
the parameter RAM. 
Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com
mand, the GCHRD command can be used to draw the bytes 
into display memory starting at the cursor. The zoom mag
nification factor for writing, set by the zoom command, con
trols the size of the character written into the display memory 
in integer multiples of 1 t~rough 16. The bit values in the 

Controller coordinates the RMW circuitry and address reg
isters to draw the specified figure pixel by pixel. 

The algorithms used by the processor for figure drawing are 
designed to optimize fts drawing speed. To this end, the 
specified details about the figure to be drawn are reduced 
by the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repet
itive, pixel-by-pixel calculations can be done quickly, thereby 
minimizing the overall figure drawing time. The table below 
summarizes the parameters. 

Drawing Type DC D D2 D1 DM 

Initial Value• 0 -1 -1 

Line !All 2IADI - !All 2(1 AD I - I All ) 21 AD I 

Arc .. rsin <t> r-1 2(r-1) -1 rain 9 i 
Rectangle A-1 8-1 -1 A-1 

Area Fiii 8-1 A A 

..Graphic Character"' 8-1 A A 

Write Data W-1 

DMAW D-1 C-1 

OMAR D-1 C-2 (C-2)i2t 

Read Data w 

"Initial values for the various parameters remain as each drawing process ends. 

""Circles are drawn with B arcs, each of which span 45°, so that sin q, = 1/\/2 and sine= 0. 

•••Graphic characters are a special case of bit-map area filling in which Band A"' a. If A = B 
there is no need to load D and D2. 

Where: 
-1 = all ONES value. 

All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s 
complement notation where appropriate). 

- = No parameter bytes sent to GDC tor this parameter. 

Al= The larger at Ax or ti.y. 

ti.D= The smaller at Ax or ti.y. 

r= Radius of curvature, in pixels. 

cf>= Angle from major axis to end of the arc. q, "'45? 

8= Angle from major axis to start of the arc. 8"' 45? 

f = Round up to the next higher integer. 

i = Round down to the next lower integer. 

A= Number of pixels in the initially specified direction. 

B= Number of pixels in the direction at right angles to the 
initially specified direction. 

W= Number of words to be accessed. 

C= Number of bytes to be transferred in the initially specified 
direction. (Two bytes per word if word transfer mode 
is selected.) 

D= Number of words to be accessed in the direction at right 
angles to the initially specified direction. 

DC= Drawing count parameter which is one less than the num
ber of RMW cycles to be executed. 

DM = Dots masked from drawing during arc drawing. 

t = Needed only for word reads. 

PRAM are repeated horizontally and vertically the number 
of times specified by the zoom factor. 

The movement of these PRAM bytes to the display memory 
is controlled by the parameters of the FIGS command. 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 

For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 

The GDC jumps to the corresponding bit in RA-14 to con
tinue the drawing. The progression then advances toward 
the LSB of RA-14. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 
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drawing processor as shown above. If the area is narrower 
than 8 pixels wide, the snaking will advance to the next 
PRAM byte before the MSB is reached. If the area is nar
rower than 8 lines high, fewer bytes in the parameter RAM 
will be scanned. If the area is larger than 8 by 8, the GDC 
will repeat the contents of the parameter RAM in two 
dimensions, as required to fill the area with the 8-by-8 moz
aic. (Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8). 

PARAMETER RAM CONTENTS: RAM ADDRESS 
RAO TO 15 
The parameters stored in the parameter RAM, PRAM, are 
available for the GDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation the 
values in the PRAM are interpreted by the GDC in a pre
determined fashion. The host microprocessor must load the 
appropriate parameters into the proper PRAM locations. 
PRAM loading command allows the host to write into any 
location of the PRAM and transfer as many bytes as desired. 

In this way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 
The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four bytes 
are used. The four parameters stored in each block include 
the starting address in display memory of each display area, 
and its length. In addition, there are two mode bits for each 
area which specify whether the area is a bit-mapped graph
ics area or a coded character area, and whether a 16-bit or 
a 32-bit wide display cycle is to be used for that area. 
The other use for the PRAM contents is to supply the pat
tern for figure drawing when in a bit-mapped graphics area 
or mode. In these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the GDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit
mapped character drawing locations 8 through 15 are ref
erenced for the pattern or character to be drawn. 
Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode Graphics and Mixed Graphics and Character Modes 

RAC=l~_.___.__.__sA_D ... 1,_..___.__.____, 

1 I ~ I IL Display Partition Area 1 

'-· -~__.__o_.____.__._sA_D_1"....___.____.( ~::~i~i~~~~':::e~:!~~~w & 
(word address) 

LEN1, I 0 

.----.....--....---------) Length of Display Partition 1 
(line count) with high and 
low significance fields 

A Wide Display cycle width 
of two words per memory cycle 

.___ __________ ~=II~~~~ ~~rl~h!!td~~~I~~ 
The display address counter 
is then incremented by 
2 for each display scan 
cycle. Other memory cycle 

!--
Display Partition Area 1 

'----"--'----'--SA.._D_
1
'__..__...____..____, ~~dr:ll~~ :~:~~~~ =11~~/~~nce 

fields (word address) 

RA-0 

11 ~-.____.__.___sA ... D-1_M..____..__..___.I 

2 ~l_.__L_e ... N1_'__.__.._l_o__..__o........_l_sA.._D_1"_.I 

3 WD1 
Length of Display Partition 
Area 1 with low and high 
significance fields (line count) 

In mixed mode, a 1 Indicates an 
'---------Image or graphics area, and a 0 

Indicates a character area.,ln 
graphics mode this bit must be 0. 
When 1, the DAD Is Incremented 
every other display cycle. 

types are not influenced. RA-4 SAD2, 
Display Partition Area 2 
starting address and 
length with Image 

RA-4 

LEN2, 

7 WD2 0 

RA-8 

10 LENJ, 

11 WD3 0 

RA-12 

13 

14 LEN4, 

15 WD4 0 

SAD2, 

LEN2" 

SAD3, 

SAD3" 

LEN3" 

SAD4, 

SAD4" 

LEN4" 

Display Partition 2 
starting address 
and length 

Display Partition 3 
starting address 
and length 

Display Partition 4 
starting address 
and length 

SAD2M 

LEN2, 

7 WD2 IM LEN2" 

RA-8 d PTN, or 

PTNH or 

RA-10 

11 

12 

13 

14 

15 
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GCHR8 

GCHR7 

GCHR6 

GCHRS 

GCHR4 

GCHR3 

GCHR2 

GCHR1 

bit as in area 1 

~1 
1--

I/ 

Pattern of 16 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines 

Graphics character bytes 
to be moved into display 
memory with graphics 
character drawing 



Command Bytes Summary 

RESET I 0 

SYNC I 0 1 I DE 

VSYNC I 0 

CCHAR I 0 

START 

BCTRL 

ZOOM 

CURS 

PRAM SA 

PITCH 

WDAT 1 I TYPE 0 I MOD 

MASK 

FIGS 

FIGD 

GCHRD 

ROAT , I TYPE 

CURD o I o 

LPRD o 1 o 

OMAR , I TYPE 

DMAW , I TYPE 

VIDEO CONTROL COMMANDS 

Reset 

RESET=l.__o_.___. _ _.___. _ _,___. _ _,_o__.I 

I 
0 

I 
MOD 

I 1 MOD 

, I MOD 

Blank the display, enter 
Idle mode, and initialize 
within the GDC: 
-FIFO 

Command Processor 
-· Internal Counters 

This command can be executed at any time and does not 
modify any of the parameters already loaded into the GDC. 
If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 

P1 

P2 

P3 vs, 

c D G s Mode of Operation select bits 
See below 

AW Active Display Words per 
line -2 Must be even 

HS 
number with bit O = O 

Horizontal Sync Width - 1 
~---------Vertical Sync Width, low bits 

P4 '-~--~r-"-~--v~s_"__.r vert1ca1 sync width, high bits 

~-------Horizontal Front Porch Width - 1 

PS 0 Horizontal Back Porch Width - 1 

PG 0 Vertical Front Porch Width 

P7 Active Display Lines per 
Video Field, low bits 

Psi ... ------~-V~B<--P__...___.___._~AL._"__.l--- Active Display Lines per 
. \ • • Video Field, high bits 

~-------Vertical Back Porch Width 

In graphics mode, a word is a group of 16 pixels. In char
acter mode, a word is one character code and its attributes, 
if any. The number of active words per line must be an even 
number from 2 to 256. An all-zero parameter value selects 
a count equal to 2" where n =number of bits in the param
eter field for vertical parameters. All horizontal widths are 
counted in display words. All vertical intervals are counted 
in lines. 

Horizontal Back Porch Constraints 
1 . In general: 

HBP;::3 Display Word Cycles (6 clock cycles). 
2. If the IMAGE or WO modes change within one video field: 

HBP;::5 Display Word Cycles (10 clock cycles). 
3. If interlace or mixed mode is used: 

HBP;::5 Display Word Cycles (10 clock cycles). 

Horizontal Front Porch Constraints 
1. If the display ZOOM function is used at other than 1X: 

HFP;::2 Display Word Cycles (4 clock cycles). 
2. If the GDC is used in the video sync Slave mode: 

HFP;::4 Display Word Cycles (8 clock cycles). 
3. If the Light Pen is used: 

HFP;::6 Display Word Cycles (12 clock cycles). 
4. If interlace mode is used: 

HFP;::3 Display Word Cycles (6 clock cycles). 

Horizontal SYNC Constraints 
1. If interlaced display mode is used: 

HS;::5 Display Word Cycles (10 clock cycles). 
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Modes of Operation Bits 
c a Dlapl•r Mode 

0 0 Mixed Graphics & Character 

0 i Graphics Mode 

1 0 Character Mode 

1 1 Invalid 

I S Video Fr•mlng 

0 0 Non Interlaced 

0 1 Invalid 

1 0 Interlaced Repeat Field for Character Displays 

1 1 Interlaced 

Repeat Field Framing: 2 Field Sequence with 112 line off
set between otherwise identical 
fields. 

Interlaced Framing: 2 Field Sequence with 112 line off
set. Each field displays alternate 
lines. 

Non interlaced Framing: 1 field brings all of the information 
to the screen. 

Total scanned lines in interlace mode is odd. The sum of 
VFP + VS + VBP + AL should equal one less than the 
desired odd number of lines. 

D Drn•mlc RAM Refresh Crcles En•ble 

No Refresh - STATIC RAM 

Refresh - Dynamic RAM 

Dynamic RAM refresh is important when high display zoom 
factors or OMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display memory. 

Dr•wlng Time Window 

Drawing during active display time and retrace blanking 

Drawing only during retrace blanking 

SYNC Format Specify 

SYNC: I 0 1 I DE I 
....__.__...___.__...___.__...___.__,L_. The display Is enabled by 

a 1, and blanked by a O. 

P1 

P2 

P3 

P4 

PS 

P6 

P7 

PS 

vs, 

c D G s Mode of Operation select bits 
See below 

AW Active Display Words per 
line - 2 Must be even 
number with bit O ~ 0 

HS 

Horizontal Sync Width - 1 
'-----------Vertical Sync Width, low bits 

'---'----''--H-'F'-P~.___.____..___vs._"__.l--vertical Sync Width, high bits 

'~· ---

0 0 
0 0 

- Horizontal Front Porch Width - 1 

HBP 

VFP 

AL, 

I--

1--

1--

Horizontal Back Porch Width - 1 

Vertical Front Porch Width 

Active Display Lines per 
Video Field, low bits 

AL.. I_ -A_ctive Oisplay _Lines per 

'---'---"--'\....-'--' _ • ._ ___ ...... _-_-_ ..... _-_-_-' _._ _-_-:_'_Video Field, high bits 

· Vertical Back Porch Width 

VBP 

This command also loads parameters into the sync gen
erator. The various parameter fields and bits are identical 
to those at the RESET command. The GDC is not reset nor 
does it enter idle mode. 

Vertical Sync Mode 
Access to display memory can be limited to retrace blank- I I ~ 
ing intervals only, so that no disruptions of the image are vsvNc: 0 1 

M 
seen on the screen. .__.......__....._ __ _.__....__.____.'--r_, 

O -Accept External Vertical 

Cursor & Character Characteristics 

CCHAR: I 0 I 1 I 0 

~ lot'-0-·_0_, ____ L_R ____ ~_Linespercharacterrow -1 

Display Cursor If 1 

P2 I B~~s~----cT_O_P ____ ~_ ~ut~~~:~P line number 

- O - Blinking Cursor 
1 - Steady Cursor 

----------Blink Rate, lower bits 

P3 ...._.....__....C....,B,..OT....__.....__....___.__BR_u.....___.l-- Blink Rate, upper bits 

( 
--------- Cursor Bottom line number in 

the row CBOT < LR 

In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always 112 the cursor 
rate but with a% on -% off duty cycle. All three parameter 
bytes must be output for interlace displays, regardless of 
mode. For interlace displays in graphics mode, the param
eter BAL= 3. 

Sync - Slave Mode 

1 -Generate & Output Vertical 
Sync - Master Mode 

When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 
A few considerations should be observed when synchro
nizing two or more GDCs to generate overlayed video via 
the VSYNC INPUT/OUTPUT pin. As mentioned above, the 
Horizontal Front Porch (HFP) must be 4 or more display 
cycles wide. This is equivalent to eight or more clock cycles. 
This gives the slave GDCs time to initialize their internal 
video sync generators to the proper point in the video field 
to match the incoming vertical sync pulse (VSYNC). This 
resetting of the generator occurs just after the end of the 
incoming VSYNC pulse, during the HFP interval. Enough 
time during HFP is required to allow the slave GDC to com
plete the operation before the start of the HSYNC interval. 
Once the GDCs are initialized and set up as Master and 
Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master G DC and 
wait until after one or more VSYNC pulses have been gen
erated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has 
been at least one VSYNC pulse generated for the Slaves to 
synchronize to. 
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DISPLAY CONTROL COMMANDS 

Start Display & End Idle Mode 

Display Blanking Control 

BCTRL: I 0 O 0 I DE I The display Is enabled '-· ___.__.....__.____......__.___. _ __, __ __,! by a 1, and blanked by 
ao. 

Zoom Factors Specify 

ZOOM: ... l _o _.___.__..__ ________ .__o ..... 1 

P1 DISP GCHR I - Zoom factor for graphics 

.__......___._, ""'\_,_'-~~~~~~~~ ..... -~ __ .... _--~·- character writing and area \ filling 

Display zoom factor 

Zoom magnification factors of 1 through 16 are available 
using codes O through 15, respectively. 

Cursor Position Specify 

P1 

P2 

P3 

EAD 1-- Execute Word Address, 
~.....__.._.....__.____,.....___,__.....__._ low byte 

l - Execute Word Address, 
....__.__...._....._ __ .___.___.___.!middle byte 

EAD 

E~1>}----(Graphlcs Mode only) 

....__,___....,\_.___.____..____,____..,_L____, Word Address, top bits 

~-DotAddresswlthlntheword 

dAD 

In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing the starting pixel of the drawing; the dot address 
value specifies the pixel within that word. 

Parameter RAM Load 

PRAM: .... l_o_.....___. _ _._1__,,l_ .......... _s+A-..___, 

P, 
I 
I 
I 

p" 

'-----Starting Address In 
parameter RAM 

I 1to16 bytes to be loaded .__........___. _ _.____,_ _ _.____.__.....___.r Into the parameter RAM 
starting at the RAM address 
specified by SA 

From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 

Pitch Specification 

P1: I Number of word addresses 
.._........____..___.____._ _ _.____.__.....____,l In display memory In the 

horizontal direction 

p 

This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 
The Pitch parameter (width of display memory) is set by two 
different commands. In addition to the PITCH command, 
the RESET (or SYNC) command also sets the pitch value. 
The "active words per line" parameter, which specifies the 
width of the raster-scan display, also sets the Pitch of the 
display memory. Note that the AW value is two less than the 
display window width. The PITCH command must be used 
to set the proper memory width larger than the window width. 

DRAWING CONTROL COMMANDS 

Write Data into Display Memory 

P1 

TYPE 

RMW Memory cycle 
Logical Operation: 

0 - REPLACE with Pattern 
1 - COMPLEMENT 
o-RESETtozero 
1--sETto1 

'---------Data Transfer Type: 

-------Word, Low then High byte 
--------Low Byte of the Word 
-------High Byte of the Word 
-------Invalid 

WORD, OR BYTE L_ Word Low Data Byte or 
..__.__. _ _.____.__..___..__,___.I- - Single Byte Data value 

P2 I WORD" L_ Word transfer only: 
etc . .___._.....____.__....____.__..____._____,! - - High Data Byte 

Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor EAD. 
The EAD pointer is advanced to the next word, according 
to the previously specified direction. More parameters can 
then be accepted. 
For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 
In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW oper
ations. Therefore it is possible to have only an all ones or 
all zeros pattern. In coded character applications all the bits 
of the WDAT parameters are used to establish the draw
ing pattern. 
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The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 
parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters. Only the 
first three parameters need to be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, and 
the DC value. The DC parameter + 1 will be the number of 
RMW cycles done by the GDC with the first set of WDAT 
parameters. Additional sets of WDAT parameters will see a 
DC value of 0 which will cause only one RMW cycle to be 
executed per set of parameters. 

Figure Drawing Parameters Specify 

Mask Register Load 

P1 l.___..___. _ _..___.M'-~----~

P2 l.....___..___. _ _..___.M"-~----~-

Low significance byte 

High significance byte 

This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 
The Mask register is loaded by the MASK command and 
the third parameter byte of the CURS command. The MASK 
command accepts two parameter bytes to load a 16-bit value 
into the Mask register. All 16 bits can be individually one or 
zero, under program control. The CURS command on the 
other hand, puts a "1 to 16" pattern into the Mask register 
based on the value of the Dot Address value, dAD. If normal 
single-pixel-at-a-time graphics figure drawing is desired, 
there is no need to do a MASK command at all since the 
CURS command will set up the proper pattern to address 
the proper pixels as drawing progresses. For coded char
acter OMA, and screen setting and clearing operations using 
the WDAT command, the MASK command should be used 
after the CURS command if its third parameter byte has 
been output. The Mask register should be set to all "ONES" 
for any "word-at-a-time" operation. 

Valid Figure Type Select Combinations 

SL R A GC L Operation 

0 Character Display Mode Drawing, Individual Dot Drawing, 
OMA, WDAT, and ROAT 

Straight Line Drawing 

Graphics Character Drawing and Area filling with graphics 
character pattern 

Arc and Circle Drawing 

Rectangle Drawing 

Slanted Grapnlcs Character Drawing and Slanted 
Area Filling 

Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 

FIGD: l~_o_.___. _ _..___._...__~-~_. 
On execution of this instruction, the GDC loads the param
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 
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P1 SL R DIR Drawing Direction Base 

Figure Type Select Bits: 
~-----Line (Vector) 

~-------Graphics Character 
~--------Arc/Circle 

~----------Rectangle 

'--------------Slanted Graphics Character 

P2 d _ _.____,__....__o ..... c_, __.__...___.___.r- DC Drawing Parameter 

P3 I I G~ DC, ~ 
'------------Graphics Drawing flag for use In 

Mixed Graphics and Character Mode 

'----'-__. _ _.____.. _ _,,__.__...___.r o Drawing Parameter P4d 
o, 

PS I 0 0 I D, p 

P6d 02, --'-__._.....____.. _ _,,__.__...___,!--D2 Drawing Parameter 

P7 I 0 0 I 02, p 

Pad 01, ....__.____._....___,__...__.__...___,r---D1 Drawing Parameter 

pg I 0 0 I 01, p 

t"" , .... , ....... 
The parameters take on 

""'""' '""~'''"''" ~· different figure types. 

Graphics Character Draw and Area Filling Start 

GCHRD:~l_o_.___. _ _..___. _ _.__~_..._o_.I 

Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 

I 
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DATA READ COMMANDS 

Read Data from Display Memory 

ROAT: ~'-1_._ ....... __ 1~'--TY~P-E--1.l_o_,,_l_M_o ..... o__,j 

l 0111 Transfer Type: 

0 o--------Word, low then high byte 

--------Low byte of the Word only 

--------High byte of the Word only 

--------Invalid 

Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 
As this instruction begins to execute, the FIFO buffer direc
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc
tion back to write mode, and all ROAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 

Cursor Address Read 

CURD:! ~-1_.___...__.......___. __ ~__._--.__. 

The following bytes are returned by the GDC through the 
FIFO: . 

Execute Address (EAD), 
low byte 

Execute Address (EAD), 
mlddlebyte 

Execute Address (EAD), 
high bits 

1--Dot Address (dAD), low byte 

ii.- Dot Address (dAD), high byte 

The Executive Address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 

Light Pen Address Read 

LPRo:l .__1_.___. __ _.___. __ .....__._ __ ...._o_,l 

The following bytes are returned by the GDC through the 
FIFO: 

I._ _A7_._, __. __ _.__LA_._o'__,_ __ ....__._A_o_.l---Llght Pen Address, low byte 

I A15 ' LAD AB I • • M r--- Light Pen Address, 
~_.___. __ _.___.. __ ......__._ __ ....___, middle byte 

I~ _o_.___._.......___. __ ....._o~l __ LA.._D_" _.I-- Light Pen Address, high byte 

The light pen address, LAD, corresponds to the display word 
address, DAD, at which the light pen input signal is detected 
and deglitched. 
The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 

OMA Read Request 

QMAR: ~l1__...__.......___.l __ Tv~P-E_,_j_1__._l_Mo ..... o__,j 

!-------Data Transfer Type: 

-------Word, Low then High Byte 

-------Low Byte of the Word 

-------High Byte of the Word 

-------Invalid 

OMA Write Request 

IDMW: o TYPE MOD 

--RMW Memory Logical Operation: 

0 --REPLACE with Pattern 

1 --COMPLEMENT 

o--RESET to Zero 

1 -- SETto One 

1-------Data Transfer Type: 

Word, Low then High Byte 

-------Low Byte of the Word 

-------High Byte of the Word 

-------Invalid 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature under Bias 0°C to 70°C 
Storage Temperature - 65°C to 150°C 
Voltage on Any Pin with Respect to Ground - 0.5V to +7V 
Power Dissipation 1.5 W 

*COMMENT: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS Ta= 0°C to 70°C; Vee= SV ± 10%; GND = OV 

Parameter S_y_mbol 
Input Low Voltage VIL 
Input High Voltage VIH 
Output Low Voltage Vol 
Output H!_g_h Voltage VoH 
Input Low Leak Current l1L 
Input High Leak Current llH 
Output Low Leak Current loL 
Output H!_g_h Leak Current loH 
Clock Input Low Voltage VcL 
Clock Input High Voltage VeH 
Vee Supp!Y_ Current Ice 

CAPACITANCE Ta = 25°C; Vee = GND = OV 

Parameter 
Input Capacitance 
1/0 Capacitance 
Output Capacitance 
Clock Input Capacitance 

Notes: 

Symbol 

CouT 
Cf 

CD For 2XWCLK, V1L = - 0.5V to + 0.6V. 
® For 2XWCLK, V1H = + 3.9V to Vee + 1.0V. 

Limits 
Min Typ 
-0.5 

2.2 

2.4 

-0.5 
3.5 

Limits 
Min Typ 

AC Characteristics, Ta = 0°C to 70°C; Vee = 5.0V ± 10%; GND = OV 

Read Cycle (GDC<---->CPU) 
72200 Limits 72200-1 Limits 

Parameter Symbol Min Max Min Max 
Address Setup to RD ! !AR 0 0 
Address Hold from RD i IRA 0 0 
RD Pulse Width !RR1 !RD1 +20 !RD1 + 20 
Data Delay from RD ! !RD1 120 80 
Data Floating from RD i !oF 0 120 0 100 
RD Pulse Cycle !ACY 4 !cLK 4!cLK 

Write Cycle (GDC<---->CPU) 
72200 Limits 72200-1 Limits 

Parameter Symbol Min Max Min Max 
Address Setup to WR ! !AW 0 0 
Address Hold from WR i !wA 0 0 
WR Pulse Width lww 120 100 
Data Setup to WRi low 100 80 
Data Hold from WR lwo 0 0 
WR Pulse Cycle lwcv 4 !cLK 4!CLK 
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Max 
0.8 

Vee+ 0.5 
0.45 

-10 

+10 
-10 
+10 
0.6 

Vee+1.0 

Max 
10 
20 
20 
20 

270 

Unit 
pF 
pF 
pF 
pF 

Unit 
v 
v 
v 
v 

µA 
µA 
µA 
µA 
v 
v 

mA 

72200-2 Limits 
Min Max 

0 
0 

!RD1 + 20 
70 

0 90 

4 !cLK 

72200-2 Limits 
Min Max 

0 
10 
90 
70 
10 

4!cLK 

Test 
Conditions 

CD 
® 

l0 L = 2.2mA 
loH = 400 µA 
V1 = OV 

V1 =Vee 
V0 = OV 

Vo= Vee 

Test 
Conditions 

fc = 1 MHz 
v, 
(unmeasured) = OV 

Test 
Unit Conditions 
ns 
ns 
ns 
ns CL= 50 pF 
ns 
ns 

Test 
Unit Conditions 
ns 
ns 
ns 
ns 
ns 
ns 



OMA Read Cycle (GOC-CPU) 
72200 Limits 72200-1 Limits 72200-2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

DACK Setup to RD ! tKR 0 0 0 ns 
DACK Hold from RD T tRK 0 0 0 ns 
RD Pulse Width tRR2 tRD2 + 20 tRD2 + 20 tRD2 + 20 ns 
Data Delay from RD ! tRD2 1.5tcLK + 120 1.5tcLK + 80 1.5 tcLK + 70 ns CL= 50pF 
DREQ Delay from 
2XWCLK T tREG 150 120 100 ns CL= 50pF 

DREQ Setup to DACK ! taK 0 0 0 ns 
DACK High Level Width toK tcLK tcLK tcLK ns 
DACK Pulse Cycle tE 4tcLK' 4 tcLK' 4 tcLK' ns 
DREQ ! Delay from 
DACK! tKQ(R) tcLK + 150 tcLK + 120 tcLK + 100 ns CL= 50pF 

*for high byte and low byte transfers: tE = 5 tcLK 

OMA Write Cycle (GOC-CPU) 
72200 Limits 72200·1 Limits 72200-2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
DACK Setup to WR ! tKW 0 0 0 ns 
DACK Hold from WR T twK 0 0 0 ns 
DREQ ! Delay from 
DACK! tKQ(W) tcLK + 150 tCLK + 120 tcLK + 100 ns CL= 50pF 

R/M/W Cycle (GOC-Display Memory) 
72200 Limits 72200-1 Limits 72200·2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address/Data Delay 
from2XWCLK T tAD 30 160 30 130 30 110 ns CL= 50pF 

Address/Data Floating 
from2XWCLK T to FF 30 160 30 130 30 110 ns CL= 50pF 

Input Data Setup to 
2XWCLK ! lo1s 0 0 0 ns 

Input Data Hold from 
to1H loE - 20 loE - 20 loE - 20 ns 2XWCLK! 

DBIN Delay from 
2XWCLK! toE 30 120 30 90 30 80 ns CL= 50pF 

ALE T Delay from 
2XWCLK i tRR 30 125 30 100 30 90 ns CL= 50pF 

ALE ! Delay from 
2XWCLK! !RF 30 100 30 80 30 70 ns CL= 50pF 

ALE Width tRw 1/2 tcLK '/2!cLK 1
/2 !cLK ns CL= 50 pF 

ALE Low Width !AL tCLK + 30 tCLK + 30 !CLK + 30 ns 

Display Cycle (GDC-Display Memory) 
72200 Limits 72200·1 Limits 72200-2 Limits Test 

Parameter Symbol Min I Max Min I Max Min 

t 
Max Unit Conditions 

Video Signal Delay 
tvo 150 120 100 ns CL= 50pF from2XWCLK i 

Input Cycle (GDC-Display Memory) 
72200 Limits 72200·1 Limits 72200-2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Input Signal Setup to 
2XWCLK T !ps 30 20 15 ns 

Input Signal Width !pw tcLK !cLK !CLK ns 

Clock (2XWCLK) 
72200 Limits 72200-1 Limits 72200·2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Clock Rise Time !cR 20 20 20 ns 
Clock Fall Time tcF 20 20 20 ns 
Clock High Pulse Width !cH 105 80 70 ns 
Clock Low Pulse Width lcL 105 80 70 ns 
Clock Cycle !cLK 250 2000 200 2000 180 2000 ns 
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Microprocessor Interface Write Timing 

Microprocessor Interface Read Timing 

Microprocessor Interface OMA Write Timing 

2xWCLK: 

DREQ: 

DACK: 

WR: 

lw, (WR j to HSYNC j ) "' le" 

t,, (DACK i to HSYNC j ) "' le" 

Microprocessor Interface OMA Read Timing 

Display Memory Display Cycle Timing 

Display Memory RMW Timing 

TIMING WAVEFORMS 
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I\) 
c.o 
0 

Display and RMW Cycles (1x Zoom) 

2xWCLK: 

ALE: 

OBIN: 

A00-15: 

A16,17: 

HSYNC: 
BLANK: 

V/EXTSYNC: 

Display 
Cycle 

TIMING WAVEFORMS 



z 
Cii 
c 
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I\.) 
co 
I\.) 

Zoomed Display Operation with RMW Cycle (3x Zoom) 

ALE ~ \ r 1 
1 

\____ 

I 
I I 

~~~~~~~~~~~~~' ~~~ I 
DBIN· 

AD0-15: ~put Address) 

1 

( Output Address ~___}---{?Utput -Data ) ; ( Output Address}-

I 
A16.17: I I 

Blank:~ 

I 
1~-

TIMING WAVEFORMS 



Light Pen and External Sync Input Timing Clock Timing (2XWCLK) 

2xWCLK: f\ f\ ,f\_ j\ 
- - -l-;:~ ~ -

LPEN, 
EX. SYNC: 

w 

Test Level (for AC Tests, except 2XWCLK) 

2.4 2.0 2.0 Vo" = 2.0 

Miscellaneous: X";=rest Point====x= ~:L ~ ~:~ 
o.45 o.8 o.8 v" = o.8 

Video Sync Signals Timing 

i------------------1H------------------+l 
2xWCLK:~ ____ .f\/\../\J\.f\. __ .J\..f\f" ___ J\./\_ __ _/\_ 

HBLANK: ---"\__ __ J 
HSYNC: ____________ _, 

A00-15::::x=:::x:::=:: = = = = =x:::=:::x=:x= = =:x:==x: = == :x:= ====Jc 
I 

LC0-4: ===:){ \ 

f---1H--1--------------------------------------------~ 
A00-15: Yvv- - "'VV"V'V" - -~- - - - - - - - - - - - - - - - - - - - - - - - - - :x:x:x:x:--:xx:: 
~- - ~-- ..A.1\..1\.J\.. __ - - - -- -- - - - -- -- -- ---- -- -- - -

LCG-4:=*== === ::::t====:x::=~=== ==== = = === ======== == == :::x::::===:x: 
Row: 

_, ____________________________________ _,, __ 
., - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 

.~---- ---- --v-
Row:~ ..A...-

1 ---- ---

VBLANK: \__ __ _ 
VSYNC: 1 

....... -----------------------------~ 

---------------1V(Frame)------------------

Interlaced Video Timing 

HBLANK: jl._ __ ___n__n_ __ _Jl___fl_ __ _Jl___fl_ __ _jL _ _ _lL __ __ll__jl_ __ ..Jl..Jl_ _ 
I I I I I I I I 

VBLANK:l..._ __ ~---l------1 -----i_ __ _r---1-1 _____ 1_1 __ 

: I I I I I I 
VSYNC: 1 I I 

(Interlace) 1 I 

VSYNC: 

I I 

--------Odd Field----'------------ Even Field------
1 
I 

(No lnterlacei--------~ 

TIMING WAVEFORMS 
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Video Horizontal Sync Generator Parameters 

I 
I 

HBLANK:___j 
I 

I 
I 

..__ ________________ ......... r--

HSYNC: I 

I 
I 
I 

I 
I 
I 

-1 H~ ~·,-------CIR------

Video Vertical Sync Generator Parameters 

VB LANK: 
I I 
I I 
I I 

vsvNc:___r--i.__ _______________________ n ______ _ 
I I I I I 
I I I I 1 

I VFP r 1 I 

--------L/F------~- : tBP---j 

--jvs 

1-- VBP 

Cursor-Image Bit Flag 

-l f--tCLK 

2xCCLK .JUUU1 

HBUNK r',___, 1-- =1 'l_ 

H5'NC -tr'i '° ·~• =:j ,J_ 
CRS-lmage ~~ ~ Invalid ~~ 

Image 

TIMING WAVEFORMS 
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VIDEO FIELD TIMING 

_____J"l.__~~~~~~H=S_Y_N_c_o_u~tp_ut~~~~~~~ 

__Ji BLANKOutput r.-----
Vertlcal SYNC Lines 

Vertical Back Porch Blanked Lines 

Horizontal ~r-i~~~~~~~~~~~~~~l SYNC~~ 
Pulse 

Horizontal 
Back Porch +- I-
Blanking 

Active 
Display 
Lines 

Horizontal 
Front Porch ---+ 
Blanking 

""'~ Vertical Front Porch Blanked Lines 

""''--------s~-----

DRAWING INTERVALS 

OMA REQUEST INTERVALS 
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Q. 

8 
0 z 
> 
VI 
> 

~ Drawing Interval 

~ Additional Drawing Interval When 
~ in Flash Mode 

~ Dynamic RAM Refresh if Enabled, Otherwise 
~ Additional Drawing Interval 

OMA Request Interval 

Additional OMA Request Intervals 
When in Flash Mode 
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I\) 
c.o 
(J) 

Graphics 
Input 

Devices 

Mass 
Storage 

Disk 

r---------------- ----------, 

Interface 

Interface 

RAM 

ROM 

Controller 

Tenninal 
Processor Clock 

I 
DB0-7 

HOC 7220 
GDC 

I ADDR/Data 

Display 
Memory 

FG-Generator 
ROM 

Blanking 

HSYNC 

~ 

LPEN 

____J-

----,______ 
Serial 

Commu-
nications 

~-

~-

Parallel 
Interface 

Video 
Shift 

Register 

Video = 
Llgh!Pen 

Detect 
Circuit 

L---------------------------~ 

BLOCK DIAGRAM OF A GRAPHICS TERMINAL 

CRT 
Display 

Host 
Computer 



I\) 
c.o 
"' 

GDC 

AD 
Oto 15 

MULTIPLANE DISPLAY MEMORY DIAGRAM 

-

Character 
Video 

Output 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 t 

CRT8002 
µPC FAMILY 

CRT Video Display Attributes Controller 
Video Generator 

VDAC™ 
FEATURES PIN CONFIGURATION 

D On chip character generator (mask programmable) 
128 Characters (alphanumeric and graphic} 

VIDEO 

LO/SH 

1 28 RETBL 

2 27 CURSOR 
7 x 11 Dot matrix block 

D On chip video shift register 
Maximum shift register frequency 

CRT 8002A 20MHz 
CRT 8002B 15MHz 

voe 3 26 MS~ 
A0 4 25 MS1 

A1 5 24 BLINK 
A2 6 23 V SYNC 

CRT 8002C 10MHz A3 7 22 CHABL 
Access ti me 400ns A4 8 21 REVID 

D On chip horizontal and vertical retrace video blanking 
D No descender circuitry required 

AS 9 

A6 10 

20 UNDLN 

19 STKRU 
D Four modes of operation (intermixable} 

Internal character generator (ROM} 
Wide graphics 
Thin graphics 
External inputs (fonts/ dot graphics} 

D On chip attribute logic-character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

D Four on chip cursor modes 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

D Programmable character blink rate 
D Programmable cursor blink rate 

A7 11 

Vee 12 

R2 13 

R3 14 

D Subscriptable 
D Expandable character set 

External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 

D On chip address buffer 
D On chip attribute buffer 
D + 5 volt operation 
D TTL compatible 

18 ATTBE 

17 GND 

16 R~ 
15 R1 

D MOS N-channel silicon-gate COPLAMOS® process 
D CLASP® technology-ROM and options 
D Compatible with CRT5027VTAC® 

General Description 

The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC is a companion 
chip to SMC's CRT 5027 VTAC®. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 
The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 
Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15 Hz to 2 Hz blink 
rate. 
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The CRT 8002 attributes include: reverse video, char
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 
In the wide graphic mode the CAT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso
ciated with one bit of a graphic byte, thereby provid
ing for 256 unique graphic symbols. Thus, the CAT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 
The thin graphic mode enables the user to create sin
gle line drawings and forms. 
The external mode enables the user to extend the on
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... 0°C to+ 70°C 
Storage Temperature Range .............................................................. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V::t:5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, v,L 0.8 v excluding voe 
High-level, V1H 2.0 v excluding voe 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, v,·L 0.8 v 
High-level, v,H 4.3 v See Figure 6 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 v loL =0.4 mA, 74LSXX load 
High-level, VoH 2.4 v loH=-20µA 

INPUT CURRENT 
Leakage, IL (Except CLOCK) 10 µA O:SV1N:SVcc 
Leakage, IL (CLOCK Only) 50 µA O:SV1N:SVcc 

INPUT CAPACITANCE 
Data 10 pF @1 MHz 
LO/SH 20 pF @1 MHz 
CLOCK 25 pF @1 MHz 

POWER SUPPLY CURRENT 
Ice 100 mA 

A.C. CHARACTERISTICS 

See Figure 6, 7 

CRT 8002A CRT 80028 CRT 8002C 
SYMBOL PARAMETER 

MIN. MAX. MIN. MAX. MIN. MAX. 

voe Video Dot Clock Frequency 1.0 20 1.0 15 1.0 10 

PWH VOC-High Time 15.0 23 40 

PWL VOC-Low Time 15.0 23 40 

tcy LO/SH cycle time 400 533 800 

t,, t1 Rise, fall time 10 10 10 

tsET-UP Input set-up time ~o ~o ~o 

tHOLD Input hold time 15 'i5 15 

tpo1. tpoo Output propagation delay 15 50 15 65 15 100 

t, LO/SH set-up time 10 15 20 

t2 LO/SH hold time 5 5 5 
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MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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BLOCK DIAGRAM 

ADDRESS/DATA 
INPUTS 

CURSOR 

RETRACE BLANK 

ATTRIBUTE ENABLE 

MODE SELECT¢ 
MODE SELECT 1 

REVERSE VIDEO 

UNDERLINE 

BLINK 

STRIKE THRU -

VIDEO DOT CLOCK 
LOAD/SHIFT 

ADDRESS/ 
DATA 

LATCH 

ATTRIBUTE 
LATCH 

STRIKE-TH RU 
SELECT 

UNDERLINE 
SELECT 

LOGIC 

LOGIC 

LOGIC 

~.-----.CURSOR RATE 
VSYNC -~ - LOGIC CHARACTER RATE 

voe 

LO/SF 

-s---~~~~~~----~. 
I 

! 
! 

DECODER 

ROW ADDRESS 
R0-R3 

7 x 11x128 
ROM 

ATTRIBUTE 
LOGIC 

a 
SR? 

VIDEO 

-~-~~[ ________________ : ____ ~~ -, F L .... I o.ev 
lmuP r= I 

VIDEO 
OUTPUT 

FIGURE 7 
AC TIMING DIAGRAM 

I 
I 
I 

I 

I· 

,,.-------- 2.0V 

"-------- 0.4V 

• I 
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DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 

PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1 VIDEO Video Output 0 The video output contains the dot stream for the selected row of the alpha-
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dot¢' (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R ) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and C'/J to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through C~. 
The timing of the Load/Shift pulse will determine the number of additional 
(- -, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 

2 LD/SH Load/Sfiffi I The 8 bit shift~ster parallel-in load or serial-out shift modes are established 
by the Load/ 1 t input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 

3 VDG Video Dot Clock I Frequency at which video is shifted. 
4-11 NJ-A? Address/ Data I In the Alphanumeric Mode the 7 bits on inputs (A'/J-A6) are internally decoded 

to address one of the 128 available characters (A7=X). In the External Mode, 
A'/J-A7 is-used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A'/J-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode AIJ-A2 is 
used to define the 3 line segments. 

12 Vee Power Supply PS + 5 volt power supply 
13,14,15,16 R2,R3,R1,R0 Row Address I These 4 binary inp1,1ts define the row address in the current character block. 

17 GND Ground GND Ground 
18 ATTBE Attribute Enable I A positive level on this input enables data from the Reverse Video, Character 

Blank, Underline, Strike-Thru, Blink, Mode Select '/J, and Mode Select 1 inputs 
to be stro~ into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 

19 STKRU Strike-Thru I When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR'/J-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 

I I 
or arrangement of horizontal lines in the character block. The standiird strike-

I thru will be a double line on rows R5 and R6. 
20 UNDLN Underline I When this input is high and RETBL = 0, the parallel inputs to the shift register 

are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under-

I line will be a single line on R11. 
21 REVID Reverse Video I When this input is low and RETBL = 0, data into the Attribute Logic is presented 

directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 

22 CHA BL Character Blank I When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 

23 VSYNC VSYNC I This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4 to + 30 for the cursor ( + 8 to + 60 for the character). 

24 BLINK Blink I When this input is high and RETBL = 0 and CHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 

25 MS1 Mode Select 1 I These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
26 MS'/J Mode Select¢ I Alphanumeric Mode - In this mode addresses A'/J-A6 (A7=X) are in-

ternally decoded to address 1 of the 128 available ROM characters. The 
MS1 MS0 MODE addressed character along with the decoded row will define a 7 bit output 

1 1 Alphanumeric from the ROM to be loaded into the shift register via the attribute logic. 

1 0 Thin Graphics Thin GraP-hics Mode- In this mode M-A2 (A3-A7=X) will be loaded 

0 1 External Mode into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 

0 0 Wide Graphics the entity will begin on row 0000 arid will end on a mask programmable row. 
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PIN NO. SYMBOL NAME 

25 
26 

(cont.) 

27 CURSOR Cursor 

28 RETBL Retrace Blank 

CURSOR 

x 
0 
0 

0 
0 
0 

0 
Underline* 

Underline* 

Underline* 

Underline* 

Blinking** Underline* 

Blinking** Underline* 

Blinking** Underline* 

Blinking** Underline* 

REVID Block 
REVID Block 

REVID Block 
REVID Block 

REVID Block 
REVID Block 

REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 

DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 
OUTPUT FUNCTION 

External Mode - In this mode the inputs Af)-A7 go directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM. ROM or RAM. See figure 3. 
Wide GraRhics Mode-In this mode the inputs A'/J-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R~ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 

These 4 modes can be intermixed on a per character basis. 
I When this input is enabled 1 of the 4 pre-programmed cursor modes will be 

activated. The cursor mode is on-chip mask programmable. The standard cur
sor will be a blinking (at 3.75 Hz) reverse video block. The 4 cursor modes are: 

Underline-In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline-In this mode the underline blinks at the cursor rate. 
Reverse Video Block-In this mode the Character Block is set to reverse 
video. 
Blinking Reverse Video Block-In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 
The cursor functions are listed in table 1. 

I When this input is latched high, the shift register parallel inputs are uncon
ditionaj_[y_cleared to all zeros and loaded into the shift register on the next 
Load/Slillt pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 

TABLE 1 
RETBL REVID CHA BL UNDLN* FUNCTION 

1 x x x "O" S.R. All 
0 0 0 0 D (~.R.)All 
0 0 0 1 "1" '(S.R.)* 

D (S.R.) All others 
0 0 1 x "O" (S.R.)All 
0 1 0 0 o (S.R.)All 
0 1 0 1 "O" (S.R.)* o (S.R.) All others 
0 1 1 x "1" (S.R.)All 
0 0 0 x "1" (S.R.)* 

D (S.R.) All others 
0 0 1 x "1" (S.R.)* 

"O" (S.R.) All others 
0 1 0 x "O" (S.R.)* 

D (S.R.) All others 
0 1 1 x "O" (S.R.)* 

"1" (S.R.) All others 
0 0 0 x "1" (S.R.)* Blinking 

D (S.R.) All others 
0 0 1 x "1" (S.R.)* Blinking 

"O" (S.R.) All others 
0 1 0 x "O" (S.R.)* Blinking 

i5 (S.R.) All others 
0 1 1 x "O" (S.R.)* Blinking 

"1" (S.R.) All others 
0 0 0 0 D (S.R.)All 
0 0 0 1 "O" (S.R.)* o (S.R.) All others 
0 0 1 x "1" (S.R.)All 
0 0 0 1 "O" (S.R.)* 

5 (S.R.) All others 
0 1 0 0 D (S.R.)All 
0 1 0 1 "1" (S.R.)* 

D (S.R.) All others 
0 1 1 x "O" (S,R.)All 
0 0 0 0 
0 0 0 1 
0 0 1 x l Alternate Normal Video/REVID 
0 1 0 0 At Cursor Blink Rate 
0 1 0 1 
0 1 1 x 

*At Selected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 

ROM CHARACTER BLOCK FORMAT 
ROWS R3 R2 R1 R0 

(ALL ZEROS)~ 0 _o __ o __ o __ o __ <?__~-~ 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RB 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
77 BITS 

(7x 11 ROM) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 --------------0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 
(ALL ZEROS) {! 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*C7 C6 C5 C4 C3 C2 C1 C0 

*COLUMN 7 IS ALL ZEROS (REVID = 0) 
COLUMN 7 IS SHIFTED OUT FIRST 

-V_- EXTENDED ZEROS (BACK FILL) 
FOR INTERCHARACTER SPAC
ING (NUMBER CONTROLLED 
BY LO/SH, voe TIMING) 

000 

001 

010 

011 

100 

101 

110 

111 

,': iilill 11111111111111 1111111 1111111 illllil 
Al •••DODD 

•oo•ooo 
•DD•DOD 
•oo•ooo 

•••oooo •••oooo •••oooo 
•Do•ooo •on•ooo •oo•ooo 
•oo•ooo •oo•ooo •Do•ooo 
•Do•ooo •oo•ooo •oo•ooo •••oo•o •••o••D •••o••o :iooo••D ooo•oo• 000000• 
:JDOOOaO OOODO•D OOOD••D 
:mooo•o 0000•00 oaoooo• 

ooo•ooo 
DDD•OOO 
oooeooo DOD•••• 0000000 

R11 0000000 8§§§888 §§§8888 §§§8888 

•••oooo •oo•ooo 
•oo•ooo ••o•ooo 
•oo•ooo •o••ooo 
•oo•ooo •ooeaoo 
•••oo•o •oo•oo• 
OODD••D OOO•D•O 
ooo•a•o ooo••oo 
oo••••• ooo•a•a ooooc•o ooo•oo• 
DODODDD 0000000 
0000000 0000000 

o•••ooo ••••ooo o•••ooo ••••aoo o•••ooo ••••ooo ••••ooc o•••ooo •••oooo •oo•ooo 
•000000 •000000 •000000 •000000 •000000 •000000 •ooococ •000000 •oo•ooo •oo•ooo 
o••oooo •••oooo •000000 •••oooo o••oooo •••oooo •••oooo •o••ooo •••oooo •oo•ooo 
ooo•ooo •000000 •000000 •000000 ooo•ooo •000000 •000000 •oo•ooo •oo•ooo •oo•ooo 
•••ooo• ••••••o o•••ooo ••••ooo ••••••o ••••ODO •ooo••• o••o••• •ooo••• o••D••• ooo•o•o ooo•oo• ooo•oo• ao•ooo• ooo•oo• 0000••• ooo•ooo ooo•ooo ooo•ooo ooo•ooo 
0000•00 ooo•••o ooo••o• oo••o•• ooo•••o ooo•ooo 0000••0 0000••0 0000••0 0000••0 
0000•00 ooo•oo• ooo•o•• oo•o•o• ooo•ooe ooo•ooo 000000• 000000• 000000• 000000• 
0000•00 ooo•••o ooo•oo• oo•ooo• ooo•••o 0000••• :::ioo•••o ooo•••o ooo•••o ooo•••o 
0000000 0000000 0000000 ooaoooo 0000000 0000000 0000000 0000000 0000000 0000000 
0000000 0000000 0000000 0000000 0000000 0000000 0000000 ODOOOOC 0000000 0000000 

~" 11111111111 

o•oo•oo oo•o•oo oooaooo c•ooooo 
o•oo•oo oo•o•oo o•••••• •o•ooo• 
o•oo•oo oo•o•oo •ooeooo o•ooc•o 
0000000 ••••••• •oo•ooo 0000•00 
0000000 oo•o•oo o•••••o ooo•ooo 
0000000 ••••••• ooo•oo• oo•oooo 
0000000 oo•o•oo oooeoo• o•ooo•o 
0000000 oo•o•oo ••••••o •ooo•o• 
0000000 oo•o•oo ooo•ooo 00000•0 
0000000 0000000 0000000 ::mooooo 
0000000 0000000 0000000 0000000 

o•••ooo ooo••oo 0000•00 oo•oooo 
•ooo•oo aoo••oo ooo•ooo coo•ooo 
•ooo•oo ooo•ooo oo•oooo 0000•00 
o•oaooo oo•oooo oo•oooo 0000•00 
oo•oooo 0000000 oo•oooo oooo•oc 
o•o•oo• 0000000 oo•DOOO oooo•OO 
•ooo••o 0000000 ooeoooo 0000•00 
•ooo••o 0000000 ooo•ooo ooo•ooo 
o•••oo• 0000000 0000•00 oo•oOOO 
0000000 0000000 0000000 0000000 
0000000 0000000 0000000 0000000 

:. ·. illlll 1111111 illllll lllllll lllllll lllllll lllllll lllllli 

o•••••o o•••••o 
•00000• •00000• 
•DODOO• •DOODO• 
•00000• •00000• 
o•••••o o•••••• •00000• 000000• 
•DODOO• OO::JODO• 
•oDODD• '.JODOD•D 
o•••••o :J••••o:::: 
0000000 -;TJ'.J:::::::::: 
0000000 '.l'JOO:J:JC"" 

~~ 1111111111111 

••••••o oo••••o •••••oo ••••••• o•oooo• o•oooo• o•ooo•o •oooc;ow 
o•oooo• •000000 o•oooo• •000000 
o•oooo• •000000 o•oooo• •000000 
o•••••o •000000 o•oooo• ••••ooo o•oooo• •000000 o•oooo• •000000 
oeoooo• •000000 o•oooo• •000000 
o•oooo• o•oooo• o•ooo•o •000000 
••••••o oo••••o •••••oo ••••••• 
0000000 0000000 0000000 0000000 
0000000 0000000 0000000 0000000 

:. " illllli lilllil 1111111 lllllli 

••••••• •DODOO• 
ooo•ooc •00000• 
oco•ooo •00000• 
ooo•ooo •00000• 
ooo•ooo •00000• 
ooo•ooo •00000• 
DDO•DDO •OOOOO• 
ooo•ooo •00000• 
ooo•ooo o•••••o 
0000000 0000000 
0000000 0000000 

••••••• oo••••O •oooooc o•oooo• 
•000000 •oooooc 
•000000 •oooooc 
••••ooo •000000 
•000000 •oo•••• 
•OOOOOO •DOOOO• 
•000000 o•oooo• 
•000000 oo••••c 
0000000 ::mooooo 
0000000 ODOODOC 

eooooo• •00000• 
eooooo• •00000• 
•00000• •00000• 
o•ooo•o •00000• 
o•ooo•o •oo•oo• 
oo•o•oo •oo•oo• 
oo•o•oo •o•o•o• ooo•ooo ••ooo•• 
ooo•ooo •00000• 
0000000 0000000 
0000000 0000000 

•00000• o•••••o 
•oooco• ooo•ooo 
•00000• ooo•ooo 
aooooo• ooo•ooo 
••••••• ooo•ooo •00000• ooo•ooo 
•00000• ooo•ooo 
•00000• ooo•ooo 
•DODOO• o•••••o 
0000000 0000000 
0000000 0000000 

•00000• •00000• 
•00000• •00000• 
o•ooo•o o•ooo•o 
oo•o•oo oo•o•oo 
ooo•ooo oooeooo 
oo•o•oo oooeooo 
o•ooo•o ooo•ooo 
•00000• ooo•ooa 
•00000• oooeooo 
0000000 0000000 
0000000 0000000 

:mooooc :...cooooo 
ooo•~:~c :;co•DCO 
•oo•oo• :-:cc•cc~ 
o•o•o•c ::::cc::•c::::c 
oo•••cc ••••••• o•o•o•o ::::uo•ooo 
•oo•co• '.J'.YJ•:J:JD 
:JDD•DOD :::::::::J•:JCJO 
LJOOOOOO "')0'.J'.:'.::J:J 
0000000 -;J:::'.l:l'.J:J 
0000000 '.J'.JOO'.J'JC 

0000000 0000000 
0000000 0000000 
0000000 0000000 
0000000 0000000 
0000000 ••••••• 
0000000 0000000 
0000000 0000000 
oo••ooo 0000000 oo••ooo 0000000 
oo•oooo 0000000 
O•OOOOO OUOOOOO 

0000000 ooooooc 
0000000 000000• 
0000000 ooooo•c 
0000000 oooo•cc 
0000000 ooo•occ 
0000000 oo•oooc 
0000000 o•ooooc 
:JD••ooo •oooooc oo••ooo ooooooc 
0000000 ooooooc 
0000000 ODOOOOC 

oooooco 0000000 0000•00 0000000 oo•oooc oo••••o 
0000000 0000000 ooo•ooo 0000000 ooo•ooc o•oooo• 
oooooco 0000000 oo•oooo 0000000 ooooeoo o•oooo• 
oo••ooo oo••ooo 0•00000 o•••••o ooooo•c 000000• 
oo••ooo oo••ooo •000000 0000000 000000• 0000••0 
0000000 0000000 0•00000 o•••••o 00000•0 ooo•ooo ::::mooooo ::::mooooo oo•oooo 0000000 ooooeoo ooo•ooo 
:::ic••ooo :JCJ••ooo ooo•ooo 0000000 ::::rno•ooo 0000000 
::::m••oo:::: ::::m••:J::::ic 0000•00 0000000 ::::i::::i•oooo oooeooo 
:JC:J'.Jo:-::-; ::io•ooo::::i 0000000 0000000 ;:i::::mooo::: ::::mooooc 
'.JDOD:J'.JC ::::J•DDO'.JC 0000000 OOOOOOC 00000'.J:: ODOOOOC 

oo••••• •00000• •000000 •DODOO• 
0000•00 •oooo•o •000000 ••ooo•• 
0000•00 •oooeoo •000000 •o•o•o• 
0000•00 • o •000000 •oo•oo• 
0000•00 • a •000000 •oo•oo• 
0000•00 • 0 •000000 •00000• 
OOOO•OO • D •DOODOD •00000• 
•ODO•OO • 0 •OOOOOO •DODOO• 
o•••ooo •DODOO• ••••••• •00000• 
0000000 0000000 0000000 0000000 
0000000 0000000 0000000 0000000 

•ooooc• :..c..:•••c.:: 
••nm:::o• ::•ooc•:: 
•oecoo• •ccc::::::• 
•oo•oo• •c::ccc• 
eooo•o• •:J:Joo:J• 
•oooo•• •00000• 
•00000• •::i::rnoo• 
•00000• :i•ooo•o 
•OOOOD• :JD•••:::::: 
0000000 :JD:JOO:J:: 
0000000 :::mooo~= 

••••••• o••••oo 000000• 0•00000 
00000•0 0•00000 
0000•00 0•00000 
ooo•ooo 0•00000 
ooeoooo 0•00000 
O•OOOOO o•OOOOO 
•000000 0•00000 
••••••• o••••oo 0000000 0000000 
0000000 0000000 

0000000 o••••oo ooo•ooo 0000000 
•oooooc 0000•00 oo•o•oo 0000000 
0•00000 0000•00 oaooo•o 0000000 
oo•oooo oooo•oc •00000• 0000000 

Ill~!~! !!!Iii! HI!! !!!Im 
R1 oo••ooo 0000000 •000000 0000000 00000•0 0000000 ooo••oo 0000000 •000000 0000000 0000000 •moHii 0 .JO••ouc 00 0000000 0000000 

OOHOOO 0000000 •DODOOO 0000000 •O 0000000 gg:gg~g ggggggg :888888 ssg~ggg ggggg~g :oo g ggg:gg§ gg ggggggg ggggggg 
8888~88 g~~~~~g =~~~~~§ ~~~~~~8 58 ~~~~~~§ ~~=~~gg ~~~~~=g =~~~~~g gg~;ggg gggg~:g : O ggg;ggg ~~ =~~Hog ~~~~~il8 
0000000 o•••••o •oooo•o •000000 •o ••••••o oo•oooo •ooooeo •oooo•o ooo•ooo 00000•0 •o•oooo ooo•ooo o• • o •oooo•o 
ggggggg :gggg;g =~ggg;g ;gggg~g :ggg~:g ;gggggg gg;gggg ~~~il~:g I H·gH~i -~Cl ggg;ggg ggggg;g =~g~~gg ggg;ggg g: : g ;gggg;g 
0000000 o••••o• •o•••oo o••••oo o•••o•o o••••oo oo•orJoo oooooeo oo•••oo 00000•0 •oooo•o oo•••oo oe • o o••••oo 
0000000 0000000 0000000 oooooon 0000000 0000000 0000000 •oooo•o 0000000 o•ooo•o 0000000 0000000 oo o ooo 0000000 

R11 0000000 0000000 0000000 0000000 0000000 0000000 0000000 o••••oo 0000000 oo•••oo 0000000 0000000 0000000 0000000 0000000 
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FIGURE 1 
WIDE GRAPHICS MODE 

5 BITS .. 

I 
MS0=.0 MS1 =0 

3 LINES" A7 A3 

3 LINES A6 A2 

3 LINES AS A1 

3 LINES A4 A0 

"ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
•"CAN BE PROGRAMMED FROM 1 TO 7 BITS 

... LENGTH DETERMINED BY LO/SH, voe TIMING 

EXAMPLE: 10010110 

~,@ 
o/'~0 
~ 

~ 

FIGURE 2 

R.0' 
R1 

R2 

R3 

R4 

RS 

R6 

R7 

RB 

R11 

R12 

R13 

R14 

R1S 

C7 C6 CS C4 C3 C2 C1 

.....,,.,.....; ...... ~~ .............. _.,..,__,.......,,.._+++-1 
~........;,__,,,,_..._....._-¥._.__.__"'-"'-'"""--I 

NOTE: Unselected raster line. rows 
are always filled with ones. 

BF=back fill 

THIN GRAPHICS MODE 
N°'\ms-----, MSO=B' MS1 =1 

-ROW 0000 

.___ ____ _._ _ ___, _ _.,...___. - PROGRAMMABLE 

A2 A1 A0 

X=DON'T CARE 
THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 

• • LENGTH DETERMINED BY LD/SH, voe TIMING 

ROW 

FIGURE 3 
EXTERNAL MODE 

MSJ:J=1 MS1 ='1 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

R8 

R9 

Rl;!' 

R11 

R12 

R13 

R14 

R1S 

C7 C6 CS C4 C3 C2 C1 Cfi! BF BF ... 

L __ J I 
I I , ___ J ___ _ 

NOTE: When A1 = "1 ",the underline 
row/rows are deleted. 
When A 1 = "O", the underline, 
if selected, will appear. 

BF= backfill 

C7 C6 CS C4 C3 C2 C1 C0 BF BF 

Riif - R1S I A7 I A6 I AS I A4 I A3 I A2 A1 I AO I A7 I A7 I·.' I 
BF= back fill 
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voe 

LD/SH 

VIDEO DATA 
8 DOT FIELD 

VIDEO DATA 
9 DOT FIELD 

FIGURE 4 TYPICAL VIDEO OUTPUT 

NOTE: C,1 

x =character number 
y =column number 

BF=back fill 

XTAL 

R 74160 
DOT CARRY 

COUNTER -----i .. s· CP(+N) ~DCC H SYNC 
HORIZ.SYNC 

7404 c 7404 

VIDEO DOT 
CLOCK 

DATA BUS 

MICRO- ADDRESS BUS 
PROCESSOR 

CONTROL BUS 

RAM & ROM 
(FOR µP) 

FIGURE 6 

74SXX 

Bl-DIRECTIONAL DATA BUS B 
r.===============C;~DB0-7 

VERT. SYNC 
V SYNC 

ADDRESS BUS 4 
COMPOSITE 

C SYNC 
SYNC 

VTAC BLANKING 
CRT 5027 BL 

8 CHARACTER COLUMN 
~------------1Hll-7 

6 CHARACTER ROW 
rv-r-----------1 DRll-5 

CHARACTER 
ADDRESS 
BUS 

ADDRESS 

·2-PORT RAM 
1Kx 8 TO 4Kx 8 

CHARACTER 
FRAME 
BUFFER 

•oR 1 PORT RAM 
WITH Bl-DIRECT 
PORT 

ASCII 

DATA 
BUS 

ATTRIBUTES 

Rll-3 CRV 

4 
RASTER 
SCAN 
COUNTER 

VDAC 
CRT 8002 

() 
c 
:D 
(/) 

0 
:D ..,., 

' }> 
Gl 

RE TRAC 
BLANKING 

SERIAL 
OUTPUT 

CRT 5027 VTAC 
CRT 8002 VDAC 

µP CONFIGURATION 

VIDEO 

Vee ..---------..... voe {to chip) 

soon 

-i 
0 
() 
:D 
-i 
:;:::: 
0 z 
=i 
0 
:D 

CP EXTERNAL ----i --------~-----1CLK Qi-------LD/SH {to chip) 

74874 

LOAD/SHIFT EXTERNAL-----tD 
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STANDARD MICROSYSTEMS 
CORPORATION;. 

t 
CRT 8002-001 

(KATAKANA) 
CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDAC™ 

~ ::, '"~~ "···'" :·~ ,:··'" ,:'"''" ,:""'" ~"''" " '" " '" ~"'"'" " '" "···'" """~ ,:··~ ,:"~ 
A1 ggggggg ggg:ggg g:gg:gg gg:g:gg Biiii:iiiii ii~i888i ii~~~ii88 ggg::gg gggi~gg gg~iiggg 888ii888 888ii888 ggggggg ggggggg ggggggg ggggggi 

000 ggggggg gg 0 • 0 ggggggg iiii:B:iii g~~=~~i 88ii~ggg 8i~i88i ggggggg gg:gggg gggg:gg 8ii~:~i8 M~:~M 88ii888 ~~~~~~~ ggggggg 88i~ggg 
0000000 oo 0000000 ooaoaoo aooaoo• o•ooo•o •ooo••o 0000000 oo•oooo 0000•00 •oo•OO• ooo•ooo oo••ooo 0000000 0000000 0•00000 

0000000 ooo•ooo o•DD•DD ooao•oo aooaooo oaoooao aoooaoo oooaooo ooaoooo ooooaoo aooaooa oooaooo .0000000 0000000 0000000 oooooao 
0000000 oo.aaooo 0000000 •••D••• aooaooo ooooaoo oaoaooa ooaoooa ooaaooo oooaaoo oaoaoao oooacioo 0000000 0000000 0000000 ooaoaoo 

011 

100 

110 

0000000 oo 0000000 oo•o•oo ••••••o •ooo•o• •ooo••o 0000000 ooo•ooo ooo•ooo ooo•ooo ooo•ooo oo•oooo 0000000 oo••oDO •000000 
0000000 DD 0000000 OO•D•oo ooo•ooo 00000•0 D•••OO• 0000000 0000•00 OD•OOOO 0000000 0000000 D•ooooo 0000000 oo••ooo 0000000 0000000 DO 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 DOOOODD 0000000 0000000 0000000 
OOC:JDOOC 00 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 OODOOOO 0000000 0000000 

A1 D•••••O ODO•COO D•••••CJ o•••••CJ ODOOO•Cl ••••••• OO••••O •••1•11 o•••••D o•••••O 0000000 OOOOCOO Omml DODClDCO OD•DOOO OO•l••CJ •oocoo• oo••ooo •00000• •00000• oooo••D •oaoooa o•ooooCJ •aoooo• •00000• •Doooo• oo••ooo oo••ooo oo ooooaoCJ ooo•oao a•coao• •oooD•• o•o•ooo aooooo• coaoaa1 CJOo•o•o •000000 1000000 ooaoo•o •ooaao• eoooao• oo••ooo oo••ooo oo 0000000 oaoo•oo o•oooo• 
1aao•o• ooo•ooo 00000•0 oaoooo• oo•ao•o •••1•00 •000000 0000•00 •00000• •00000• 0000000 0000000 o• D•••••o 00000•0 000000• 
•OO•DO• OOD•ODO oa•••OCJ OO•l••D OIODO•O OOOCD•D ••••••D OOC•DOO Ol••••D o•••••I 0000000 Dmm: •O OCJ 0000000 CJOOOOCJ• CJCJOO••D •D•ooo• oao•ooo a•ooooo oooaoo• •oooo•o ooaooo• •CJOaoo• oo•oooo •00000• oooooa• oo••ooo oo 0•00000 0•1•••0 ooaoo•o ooo•oao 
••OODO• oao•ooo 1000000 CJOOCDO• •••1••• OOOOOD• •DODOO• oo•oooo •00000• 000000• oo••DDO 00 oo•oooa OODDOOO ODOCJ•OD ooo•ODO 
•00000• ooo•ooo •000000 •00000• 00000•0 •oooo•o •00000• 0010000 •ooooa• 00000•0 0000000 oo ooo•aoo aoooooo ooD•ooo oooCJooo 
o•••••o o•••••o ••••1•• o•••••o 00000•0 o••••oo D•••••o oo•oaoo o•••••o o••••oo 0000000 o• oooo•CJO ooooooCJ oo•oooo ooo•ooo 0000000 0000000 0000000 0000000 0000000 0000000 aoooooo ooooaoa 0000000 ooooooa 0000000 oo 0000000 0000000 oaoooDo aoooooo 
CJoooooo aoooooa oooaooo 0000000 0000000 0000000 aoooCJoo oooaooo 0000000 0000000 0000000 0000000 0000000 ooaoooCJ oooooCJo oaooooo 

A1 g~M~~~ g~~~~~g ~=~~~~~ g~~~~~~ ~=~~~~g =~~~~~~ =~~~~~~ g~~~~~~ :ggggg: g~~=~~g gg~~=~~ :gggg~~ :gggggg =~ggg~: :igggg: Bi~~~~g 
•00•10• •00000• a•oooo1 •oaoooo 0•00001 •000000 •ooaooo •000000 •00000• ooo•ooo 0000•00 •ooo•oo •000000 •010•0• •o•ooo• •00000• 
•o•o•o• •ooooa• c•oooo1 •ooaooo o•oooo• •oooaoo •ooaooo •000000 •00000• ooo•ooo 0000•00 •oo•aoo •aooooo 1oa•oo• 100•00• •00000• 
•o•o•o• •00000• a•••••o •000000 a•oooo• ••••aoo ••••ooo •000000 ••••••• aoo•ooo 0000•00 •o•oooo •000000 •oo•oo• •DDD•o• •ooooc• 
•o••••o ••••••• o•oooo• •ooooao a•oooo• •000000 •000000 •oo•••• •00000• ooo•ooo 0000•00 ••D•ooo •000000 •00000• •oooo•• •00000• •000000 •00000• o•ooCJo• •000000 o•oooo• •000000 •oooooCJ •00000• •00000• ooo•oao 0000•00 •ooo•oo •ooooCJo •CJaooo• •00000• •oaooo• 
0•00000 •DODOO• 010000• o•oooo• o•ooo•O •000000 •000000 o•oooo• •00000• ODD•OOD 1000•00 •ODOO•o •000000 •00000• •DDCoo• o•aoo•o 
CJD••••CJ •000001 ••••••CJ oo••••o •••••DD ••••••• •000000 OCJ••••a •00000• D•••••D o•••DDD •DODOO• ••••••• •ODODOI •DODOO• oo•••oo 0000000 0000000 ooooooCJ 0000000 0000000 aoooooo ooooooCJ 0000000 0000000 0000000 0000000 0000000 oooCJooo oCJoaooo 0000000 0000000 
coooooo 0000000 0000000 0000000 0000000 DOCJODCJO oooooao oooaooo 0000000 ooCJoooo 0000000 0000000 ooooCJno 0000000 0000000 0000000 

R1 ••••••o oo•••oo ••••••CJ o•••••o ••••••• •00000• •ooaao• •00000• •oooao• •00000• ••••••• o••••oo •oCJooo• CJ••••oo ooo•ocCJ 0000000 
•ooaoo• a•ooo•o •ooooa• •oooaD• 0001oao •
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oioioiiloo• I •oCJaao• •oaooo• •00000• •aoaoo• 000000• c:i•ooooc o•ooo•o I ~~CJiaiom•oo oo•o•oo 0000000 •00000• •OOOCJD• •aoaoo• •DDDOOO ooo•oaa • DC• •DODOO• •DODOO• D•ooo•o o•ooo•o ClOOODIO D•ODOOO CJD•O•OD o•ooo•O 0000000 
•00000• •oDDDCJ• •00000• •ooaooo ooo•ooo • CJD• 0•00010 •000001 oo•o•oo 00•0100 0000•00 O•DDDOa ooo•ooo •ooDoo• 0000000 
••••••o •oDDDD• ••••••o 0••••10 ooo•ooo • o•ooo•o •oo•oo• ooo•ooo oaa1000 otJo•ooo o•aoooa D•••••a CJOooooo oaooooo •000000 •ao•oo1 •Oo•ooo oooaoa• ooo•ooo • oo•o•oo •DD•oo• oo•o•oo ooo•ooa oo•oooo 0•00000 0001000 0000000 0000000 
•000000 •ooo•o• •ooa•oo 000000• ooo•ooo • oa•a•oo •010•0• o•oDo•o ooo•ooo 0•00000 o•ooaoo o•••••o 0000000 ooooaoo 
:gggggg 8~iii~O :gggg~i ~iiiii~ ggg:ggg ~ HO ggg:ggg =~ggg~: :ggggg: ggg:ggg :iiiiii 8:iii88 ggg:ggg OHUOO ggggggg iiiiii~ 

A11 ggggggg gggggg§ ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg RRgRm-rn 

Al ggggggg iiiiiii ggggi~8 ggg:ggg 8iiiii8 gggg:gg gg:gggg ggg:ggg 88iiiii g:ggggg iiiiiii g:ggg:g iii8888 iii~iii g:ggggg i88888i 
ggggggg ggiggg: 88i:ggg :M~~~= ggg:ggg M~~=~~ M:~M: g~~:M8 i~gggg: iM~=~~ gggggg: ~=M~=~ ggggggi gomoamOD• ~=~M~: B~iggg: 
••••••• oo•oD•o o•o•ooa 1ooaoo• ooo•ooa ooo••oo oo•ooo• ooa•ooa aooooo• 0000•00 000000• a•ooo•o •••ooo• oo o•ooo•o 000000• aoooooo oo•o•oo •oo•ooo 000000• ooo•aoo oo•o•oo oo•ooo• ••••••• ooooo•a aooo•oa aooooo• 00000•0 oooooa• ao 0•001ao 00000•0 oooaooo oo••ooa ooa•aao oaooo•o ooo•ooo o•oo•oa oo•oao• ooo•ooo 0000100 0000•00 000000• 0000•00 oaoao•o oo 0•00000 0000•00 
ooooooa ao•oooo ooo•ooo oooa•ao ••••••• •000100 o•oooo• ooo•ooo ooo•ooo ooo•ooo ••••••• ooo•ooo 0000•00 o• 0•00000 ooo•ooo oooaooo 0•00000 0001000 ooo•ooo ooaaooo oooo•aa •aaao•a ooo•ooo 001ooco oo•oooo 0000000 oo•oooo ••••oao •o oo••••• oo•ooao 

R11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 
A1 0000000 oaooo•o aoooooo 0000000 oo•oaoo ooo•ooo 0000000 ooooooa ooo•ooo oaooo•o 0000000 •000000 0000000 0000000 ooo•ooo 0000000 

DD••••• o••••Do •Oo•oo• o•••••o oo•oooo ooo•ooo o•••••o •••••••••••••• ODOOD•O 0000•00 •000000 ••••••• D!ID~•1DmDOO ODD•ODD ••••••• oo•ooo• ooo•aoo •oo•aa• ooooaoo oo•oooo ••••••• 0000000 000000• ooooo•a 00000•0 o•ooo•o •oooaoo oooDoo• o• ••••••• aoDooo• 
o•ooao• ooo•ooo •ao•ao• ••••••• oa••aoo oaa•ooa oaooooo 00000•0 0000•00 00000•0 o•oooo• ••••••o oaoooo• • ooo•ooo 000000• 
0000000 uuou 000000• ooo•ooo 0000000 0000000 0000000 0000000 ooo•ooo 0000000 0000000 0000000 000000• o 0000000 I 0000000 
ooo•••o aoo•oao oooaoo• oDo•ooo oo•oo•o ooo•ooo ooaoooo ooo•aDo oo•••oo ooao•oo a•ooao• •ooaoao ooooa•o o o•o•o•o oa o 
oooo•CJo ooo•ooo ooCJoo•o aoo•aoo ao•aooo ooo•ooo ooooooCJ ooeo•oa o•o•o•o ooo•ooo o•oooo• •oooaoo ooao•oo o o•o•oo• o o 
ooo•ooo ao•ocmo 0000•00 oo•oooo oo•oooo oo•oooo ••••••• o•aoo•o •oo•oo• oo•oooo D•oooo• •000000 ooo•ooo o •oo•oo• o 
oo•oooa 0•00000 ooo•ooo 0•00000 oa•oooo 0•00000 oooaooo •aooooo ooo•ooo 0•00000 •00000• o•••••• o••oooo 0000000 ooo•ooo o 

A11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg g 

R1 8~iii88 ggggigg ggggg§i iiiiiii gg:gggg 8iiii88 iiiiiii 8iiiii8 8i§88i8 §i§i8§§ 8i88888 iiiiiii iiiiiii ggg§ggg i8~i888 i~~i888 
00000•0 0001000 000000• oo•oooo 1•1•••• 0000•00 oaoooo• oaooooo o•ooo•o a10•000 o•oooao •aoooo• •00000• •••OOoo o•ao•oo •ao•ODO 
o•oaooo oo•ooob o•oao•o oo•ODoo oo•oao• oooo•ao 000000• ••••••• O•ooo•o o•o•ooo 0•00000 •00000• •00000• 000000• CJD•oooo o••oooo 
DD•••oo o•aoooo oo•a•oo ••••••• ao•oc:i•a 0000•00 o•••••• ooaoao• o•oaa•o o•o•ooo o•ooaoo •ooaoo• 000000• oooaoa• 0000000 0000000 
0000000 0000000 0000000 0000000 0000000 0000000 000000• 000000• OOODD•D o•o•oo• DO DODD• •DODOO• 000000• 1 oooao•o 0000000 0000000 

BB~~~~§ ~~~~~~! ~~ggg~g §§~iii~ §§!§§§§ ~~~~~~~ ~~~~~~~ §§§i~B§ §§§i~B§ i~§!i~B B!ii~B§ ~~~~~~~ §§i~~gg §8§§888 88§§8§8 
R11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 

WIDE GRAPHICS MODE 

RJJ 
R1 

R2 

R3 

R4 

RS 

R6 

R7 

RS 

R9 

R1,0' 

R11 

R12 

R13 

................................ ~~.._.,.._,...........+7"-1 
~_...._._~..._. ................... _._ .......... ""'-1 

Rl4 NOTE: Unselected raster line rows 
are always filled with ones. 

R15 
'--~~~~~~~~~ 

BF=back fill 

ATTRIBUTES 

THIN GRAPHICS MODE 

Rf! 
R1 

R2 

R3 

R4 

RS 

RS 

R7 

RS 

R9 

R1.0' 

C7 CS CS C4 CJ C2 C1 Cf! BF BF •.. 

R12 LL..o'-"-''-L...'-+-~~_._.~ 
R13 

R14 

R15 , ___ J ___ _i 

NOTE: When Al= ··1··. the underline 
row/rows are deleted 
When A1 = "O". the underline. 
if selected, will appear 

BF=back flll 

Underline Blink Rate 
Underline will be a single horizontal line at row R11 The character blink rate will be 1.875 Hz 
Cursor Strike-Thru 
Cursor will be a blinking reverse video block, blinking at 3.75 Hz The strike-thru will be a double line at rows R5 and R6 
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STANDARD MICROSYSTEMS 
CORPORATION1 I 

CRT 8002-003 
(5X7 ASCII) 

CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDAC™ 

~ c~rn ,:~ rn

00

,:o rn00'~ ,:':, ~'"~ ~'':, ,:''~ ~.~m rn ... co ,:"':, ,:00 ~ rn"

00

m rnno~ ~''°co co.co 

010 

100 

101 

110 

R1 ggggggg g~~~~gg g:~gggg gg~:ggg g:M~gg g:~~~gg g:~~~gg g~~~ggg gg~gggg ggggggg gg:gggg g~:~ggg gg~gggg :::~:gg 8~~~ggg ~~g~~gg 
0000000 D••••Do o•••ooo o•••ooo o•oo•oo o•••ooo D•••ooo oeo•ooo 0•00000 0000000 oo•oooa •o•o•oo ooo•ooo ••o••oo •ooo•oo oo•oooo 
0000000 o•oo•oo o••••oo ••••ooo o•oo•oo 0•00000 D•ooooo ••o••oo •••••oo oo•oooo oo•oooo oo•oooo •••••oo •ooo•oo oo•oooo •DDD•oo 
ggggggg g~gg~gg g::~ggg B~::ggg g~~~ggg 8~M~gg g~ggg8g gg~gggg g~~gggg ggggggg ~~=~~gg gg:gggg gg~~ggg ::~~:gg ~~g~~gg g~~~ggg 
0000000 •••••Do 0•00000 ooo•ooo •••••oo •••••oo •••••DD •••••DD 0000000 •••••oo oo•oooo oo•oooo 0000000 •••••ao 0000000 oooonon 
0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 
0000000 OOODOOO 0000000 ODOOOOO OOODDOO ODOOOOO 0000000 0000000 0000000 OOOODDO 0000000 0000000 0000000 0000000 0000000 0000000 
0000000 0000000 0000000 0000000 OOOODOO OODDDOO 0000000 OODOOOO 0000000 0000000 0000000 0000000 0000000 0000000 0000000 OODOOOO 
OOOODOO OODOOOO OOODOOO 0000000 0000000 0000000 OOODOOO OODDOOO 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 

R1 ~~~=~88 g~:gggg g~~~888 g~~~ggg gg~:888 g:gg:gg :ggg:gg :g:g:gg ~~g~~gg ~~g~~gg ~~~=~gg =~~~:gg ~~ggggg g~~:ggg ~~~~ggg gggg:gg 
•o•o•oo oo•oooo oo•oooo o•••ODD a•a•ooo D•oo•oa O•D•DDO •o•O•DO DD•DoDD oo•aooa DD•oooD •o•••oo oo•oooD ooa•oDD ••00000 oo•a•oa 
••oo•oo aa•oaoo o•oODOO ooo•ooo a••••oo o•DD•oo o•o•ooo •o•O•DD D•o•ooo oo•ocioo o•oocioo •ooo•oo ooo•ooo DOD•DDD •o•ciooa o•oci•oo 
o•••ooo D•••DCJO CJ•••ooo CJ••DDClCl ODD•OOO OCJ••ODCl DO•DDOO o•o•ooo •Ooo•DD DD•oooo •••••DD •o•••CJD OODD•OO D•••DOO •oo•DDO •••••DCJ 
OODOOOO 0000000 OClODOOD OODOODO ODDODOD 0000000 OOOODOO 0000000 0000000 DDODDDO DDOODOD •DOD•DD OOOOODO ODDODDCl oooo•DD D•OOQOCl 
•••••DD •••••Do •••••DD •••••DD •••••DD •••••DD •••••DD •••••oD •••••DO •••••oo •••••DD •••••DD •••••oo •••••oo ODDODOO oo•DDOO 
OODOODO ODOOODO 0000000 OOODODD 0000000 ODDDOOO 0000000 OODDOOO 0000000 OODODDO ODOODOO 0000000 0000000 0000000 0000000 OODODOO 
ODDODDD DDOOODO 0000000 0000000 DOOOOOO 0000000 DOOOODO DDDODOO ODOODOD 0000000 OODODDD OOOOODO DDOOOOCl 0000000 DODODDD 0000000 
0000000 OOOODOD 0000000 OOOOODO 0000000 0000000 DODDODO DOODOOO ODODOOD 0000000 OODDOOD OClOOOOO ODOOOOD 0000000 OODDODD ODDODDD 

R11 0000000 DOODOOO DOODDDO OOOOOOCl OODDOOO OOODOOO DOCJOOOO OOODDOD DDOOOOO OODODDO DDDOOOO 0000000 0000000 OODODDD DODODDO OOOODDD 

R1 ggggggg ggg:ggg g:g:ggg g:g:ggg g~=~~gg ::gg~gg ~~~gggg gg:gggg 8~~§8§8 gg~~ggg ~g:g~gg gg~gggg ggggggg ggggggg ggggggg 8888~8§ 
ggggggg ggg:ggg g~g~ggg ~=~=~gg ~~=~ggg gg~~ggg ~~~gggg gg~gggg :gggggg gggg:gg g~:~ggg ~~=~~gg ggggggg ~~~~~gg ggggggg gg~~ggg 
aoDoDDD ooD•DDO 0000000 •••••DD DD•D•oo 0•00000 •D•O•DD ooDDDOD •oDDooo oooo•Do o•••ooo oo•aooo oD•oooo DDDDDDD DDDDDDD o•DDDDD 
OOOOODD 0000000 OOCJDOOO O•D•DOD ••••DOD •CJD••DO •oo•DDD 0000000 0•00000 ooo•ooo •o•D•OD DO•DDDD CJO•DDDD DOOOOOD ODDOOOD •000000 
ooDDooo ooo•DDD ooDoooo o•o•DDD oo•Dooo DDD••DD o••o•DD DDDOoDo OD•DDDD oo•DDDD oo•oooo oacioooo o•ooDDD 0000000 oo•oDoo DDDDDOD 
DODOOOD ODOODDO ODDDOOD 0000000 OODODDO ODODODO 0000000 OODOOOO DOOOODO 0000000 0000000 0000000 DDDOODD 0000000 DDODDDO 0000000 
0000000 OOOODDO OODDODD DDODDOO ODDODOO ODDODOD 0000000 DOOOOOO DDOOODO 0000000 OOOODOO 0000000 OOODDDD OOOOOOD 0000000 DODDODD 

R11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 
R1 ~~~~~gg g~:gggg ~~~~~gg ~M~:gg gg~:ggg =~~~~gg g~~~~gg ~~~~:gg ~~M~gg ~~~~~gg ggggggg ggggggg gg~~ggg ggggggg ~~ggggg ~~~~~gg 

•DD••DD DD•oooo ODDCJ•DO DOO•DDO o•o•cioo ••••ooo •DODDDD ODD•CJOO •DDCJ•DO •ODD•DD oo•oooo DO•DDDD D•DDDOD •••••DD oo•ODOD ODO•DDO 
•D•o•DD DD•aooo oo••ooo DD••DDD •Do•oDo oooo•DD ••••DOD DD•oooo o•••DDD o••••oo oooDDDD ociooooo •ooDooo oooooDo ooo•ooo oo•oooo 
••oo•DD Do•ocioD o•oaDoo oociD•oo •••••oo oooa•oo •DDo•oo o•Doooo •ooo•oo oooD•oci oo•oDoo oo•oDoo 0•00000 •••••oo oo•oooo ciD•oooo 
•DOO•DD DO•DDOO •DOODOO •Doo•oD ooo•ooo 0000•00 •ooo•oo o•ODDOO •ooo•oo OCJD•DDD OODOODO CJO•DDDO DCJ•DOOO OOOODClD 0•00000 ODDODDO 
D•••DOO D•••DDO •••••DD o•••ooo OOO•DDO ••••DDO D•••DOD o•DDOOO ci•••ooo •••DODO DDOODDO D•DOOOD ODO•OOD 0000000 •DDOODO DD•CJDOO 
0000000 DODDOOO OODDOOCl 0000000 DDDDDDO OODDDOD OODOOOO ODDDDDD ClODOOOD 0000000 DODOOOO 0000000 DODODOD OOOOODD OOOOODD DDDODOO 
0000000 0000000 ODDDOOD 0000000 DOOOOOD OClDOOOO DDOOOOD OODDOOO DDOOODD ODDDODD DDDOOOO DOODODD 0000000 0000000 OOOODDO DODOOOD 

R11 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 8888888 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 
R1 ~~~~~gg g~~~ggg :M~~gg ~M~~gg :M~~gg =~M~gg :M~~gg ~~~~~gg :ggg:gg g~:~ggg gggg;gg :gg~~gg :gggggg =~g~:gg :ggg:gg ~~M~B8 

•o•D•DO •ooo•DD •DDD•DD •DDOODO •ooo•oo •DDClOOD •oDDDDD •000000 •DDD•DD oo•oooo ODOO•DD •D•DOOO •DDOODO •D•D•DD ••oo•DD •DOD•DD 
•o•••oo •oao•oo ••••ooo •DDOOOO •ooo•oo ••••ooo ••••DOD •ODOODD •••••DD DD•DDCJO DDDO•DD ••00000 •000000 •ooo•oo •o•o•DD •ocio•oo 
•o••ooo •••••oo •OOD•OD •OOOOOO •ooD•Do •000000 •oDODDD •oci••DD •ODD•DO oo•oooo OODO•DD •o•OOClD •DDOODD •ooo•oo •DD••DD •DDO•oo 

~~~~~gg :ggg:gg =~~~~gg ~~~~~gg =~~~~gg =~~~~gg :gggggg ~~~~:gg :ggg:gg g~:~ggg ~~~~~gg :gg~~gg =~~~~gg :ggg:gg :ggg:gg ~~~~~gg 
ODDOODO ODODODD ODODOOO 0000000 0000000 OODODDD ODOOODD OODDOOD 0000000 0000000 0000000 0000000 0000000 DDOOODO OOODOOO ODDDDOO 

R11 §§§§§§§ ggggggg §§§§§§§ §§§§§§§ ggggggg ggggggg ggggggg ggggggg ggggggg §§§§§§§ §§§§§§§ ggggggg ggggggg ggggggg ggggggg ggggggg 
R1 ••••ooo O•••ooo ••••Dao o•••oDD •••••oo •ooo•oo •ooo•oo •ooo•oo •ooo•oo •aoo•oD •••••DD •••••oo 0000000 •••••oo 0000000 0000000 

•ooD•Do •ooo•oa •ooo•oo •ooo•DD oo•DDDD •oDD•oo •ooD•oo •ooo•oo •ooo•DD •ooo•Do oooo•DD ••00000 •000000 ooa••oo 0000000 ooooDoo 
•ODo•cio •Doo•oo •aoo•oo •ocioooo oo•DDCJO •ODa•oo •ooo•oo •DDD•Do o•o•ooo o•o•ooo DDO•DDD ••00000 0•00000 ODD••oo DD•oaoo CJDDoooo 
••••ooo •ooo•DD ••••ooo o•••ooo oD•Dooo •DDo•oo •ooo•oo •o•o•oo oo•oaoo oo•oooa oo•DDDD ••oODDD Do•oooo ODD••cio o•o•ooo oooocioo 
•DDODOD •D•O•DD •o•DDOD DOCJD•DO oD•DOOO •DDD•OD •DDD•OD •D•D•OD o•o•ooo oo•DDOD 0•00000 ••DODOO ooo•ooo DDO••DD •DOO•OD 0000000 
•000000 •oo•DDO •DD•ooo •ooo•oD DD•DDDO •CJOD•OD O•D•DDD ••o••DO •OOD•DD ooeoooo •000000 ••DODOO ODDD•DD ooo••DD OOOOODO 0000000 
•oooDDD D••o•oo •DDD•oo o•••ooo oo•oooo o•••ooo oo•oDDD •ooo•oo •ooo•ao ao•oooo •••••oo •••••DD 0000000 •••••oo 0000000 •••••ao 
OOOOOOD 0000000 OCJODOOO OClOOOOD 0000000 OODODDO OOOOOOD ODODOOO 0000000 DOOOOOO ODOODOO OOOODDO 0000000 0000000 OOOODOO OOOODOD ggggggg ggggggg ggggggg ggggggg ggggggg 88B8888 ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg ggggggg 

R11 0000000 ooDoooo Doooooo 0000000 ooaDooo ooDoooo 0000000 ooODDoo 0000000 ooDoooo 0000000 ooooDDD 0000000 0000000 DDODooo 0000000 

R1 o•DDDC'D ooooooD •oDDooo OODODDD oooo•Do ODDDDDD ooo•DDO cioooooo •000000 oo•oooo DDD•ooo •oDoooo o••oaoD ooooDDO ooooDoo 0000000 
oo•oooo ooooooD •000000 0000000 Dooo•oo oooooDo DD•ciooo D••o•oci •ciooooo cioaoooo 0000000 •ooo•Do oo•oooo 0000000 DDDDDDCJ 0000000 
DDD•ooo O••o•oo •o••cioo o••••DD o••o•oo o•••ooo oo•ODDD •Do••oo •D••ooo o••oooo ooo•ooo •oo•ooo oo•ODDO ••D•ooo ••••ooo o•••DDD 
0000000 •oo••oo ••DD•DD •Dooooo •ao••oo •ooo•oo D•••ooo •oo••oD ••oo•DD oo•oooo ooo•ooo •o•Dooo oo•oooo •o•o•oD •oDD•cio •DDCJ•DD 
0000000 0000000 0000000 0000000 0000000 onnoo 0000000 onoooo 0000000 0000000 0000000 I Hooooo 0000000 •000000 0000000 •000000 
DOOOOOO •Do••oo ••OO•DD •DDODOO •oo••oo •DDODDO DO•DDOD OOOD•oo •DDO•OD DD•DDOO •OD•o •oo•ooo oo•ODDO •D•O•DD •aoo•oD •DOD•DD 
0000000 D••o•oo •o••ooo D••••DD o••o•oo o•••ooo oo•oooo o•••ooo •ooo•oo o•••ODD o• •ooo•oo o•••ooo •D•o•oo •ooo•oo o•••ooo 
OODOOOO 0000000 0000000 DDOOOOO OODDDOO DDODODD OODOOOD ODDDOOO 0000000 0000000 OD 0000000 0000000 ODOOODO 0000000 OOODOOD 
0000000 0000000 ODDOOOO DDOOOOO 0000000 0000000 DOOOODD DODDOOO OODDDOO OOOODDO DD DOOODDD OOODODD OOOOODD DOOODDO DDOOOOO 
0000000 0000000 0000000 OODOODO OODODOO ODODODO DOODDOO ODDODOD ODODOOO 0000000 OD 0000000 0000000 0000000 DOOODOO 0000000 
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WIDE GRAPHICS MODE 

R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RB 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

....... +-,._+-~~-17-......... ~ 

t-!....+-+-~-++-+-.,.._..H 

........ '--''-"..U.....>.....-"-""-'...._,~ 

Note: R11-R15 are 
always filled with ones 

ATTRIBUTES 

THIN GRAPHICS MODE 

R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RB 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

C7 C6 C5 C4 C3 C2 Cl C0 BF 

l-r-7--r-r-,--,.-77' 

f'...L..LJ.-.'-'-L..L_.L..L.L..L-'-"-.L..L~ 

Underline Blink Rate 
Underline will be a single horizontal line at RB 
Cursor 
Cursor will be a blinking reverse video block, blinking at 3.75 Hz 
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The character blink rate is 1.875 Hz 
Strike-Thru 
The strike-thru will be a single horizontal line at R4 



STANDARD MICROSYSTEMS CRT 8002-005 
(ASCII) CORPORATION, 

I 
CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDAC ™ 

000 

001 

010 

011 

100 

101 

110 

R11 

Rl 

111 

R11 

Underline 

0001 0010 0011 0100 0101 

ca ... co ca ... co ca ... co cs ... co ca ... co 

WIDE GRAPHICS MODE 

Ra 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

RS 

R9 

R10 

R11 

R12 

R13 

R14 

R1S 

Underline will be a single horizontal line at R12 
Cursor 
Cursor will be a reverse video block 

0110 0111 1000 1001 1010 1011 1100 

THIN GRAPHICS MODE 

Ra 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

RS 

R9 

R10 

R11 --..----''/ ~--~I 
R12 

R13 

R14 

R15 

.,.......__.'--....... ....L..---1.~ ....... j 

ATTRIBUTES 
Blink Rate 
The character blink rate is 1.875 Hz 
Strike-Thru 

1101 1110 1111 

C6 ... CO 

The strike-thru will be a double line at rows R5 and R6 
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STANDARD MICROSYSTEMS 
CORPORATION, 

I 
CRT 8002-011 

(ASCII) 
CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDACTM 

WIDE GRAPHICS MODE 

RGl 

R1 

R2 

THIN GRAPHICS MODE 

R3 -~---+--+--+---M--+-1 

RGl 

R1 

R2 

R3 

R4 

Underline 

R4 

RS 

R6 

R7 

RB 

R9 

R10 

R11 

R12 

R13 

R14 

R1S 

Underline will be a single horizontal line at R11 
Cursor 
Cursor will be a blinking reverse video block, 
blinking at 3.75 Hz 

RS .,_..,.-..,...-.,,r 
R6 

R7 

RB 

R9 

R11 

R12 

R13 

R14 

R1S 

ATTRIBUTES 
Blink Rate 

...,...___.._...._.,, 

The character blink rate is 1.875 Hz 
Strike-Thru 
The strike-thru will be a double line at 
rows RS and R6 

310 



STANDARD MICROSYSTEMS 
CORPORATION,~ 

I 

CRT 8002-018 
(5 X 7 ASCII) 

CODING INFORMATION 

CRT Video Display-Controller 
Video Generator VDAC™ 

~ DODO 0001 0010 0011 0101 0110 1000 1001 1011 1100 1101 
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WIDE GRAPHICS MODE 

Rj! 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RS 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

..................... ~ ....................... '"'-''-f 

Note: R11-R15 are 
always filled with ones 

ATTRIBUTES 

THIN GRAPHICS MODE 

RJ! 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RS 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

Cl C6 C5 C4 C3 C2 C1 CJ! BF 

Underline Blink Rate 
Underline will be a double horizontal line at R7 and R8 The character blink rate is 1.875 Hz 

Cursor Strike-Thru 
Cursor will be a reverse video block The strike-thru will be a single horizontal line at R4 
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STANDARD MICROSYSTEMS 
CORPORATION1. 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

I 
CRT8002H 

JLPCFAMILY 

CRT Video Display Attributes Controller 
Video Generator 

VDAC™ 
FEATURES 

D On chip character generator (mask programmable) 
128 Characters (alphanumeric and graphic) 
7 x 11 Dot matrix block 

D On chip video shift register 
Maximum shift register frequency 25 MHz 

D ROM Access time 310 ns 

PIN CONFIGURATION 

VIDEO 1 28 RETBL 

LO/SH 2 27 CURSOR 

voe 3 26 MS~ 

A0 4 25 MS1 

A1 5 24 BLINK 

D On chip horizontal and vertical retrace video blanking 
D No descender circuitry required 

A2 6 

A3 7 

A4 8 

23 V SYNC 

22 CHABL 

21 REVID D Four modes of operation (intermixable) 
Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot graphics) 

D On chip attribute logic-character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-th ru 

D On chip cursor 
D Programmable character blink rate 
D Programmable cursor blink rate 
D Subscriptable 
D Expandable character set 

External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 

AS 9 

A6 10 

A7 11 

Vee 12 

R2 13 

R3 14 

D On chip address buffer 
D On chip attribute buffer 
D +5 volt operation 
D TTL compatible 

20 UNDLN 

19 STKRU 

18 ATTBE 

17 GND 

16 R~ 

15 R1 

0 N-channel COPLAMOS® Titanium 
Disilicide Process 

D Compatible with CRT 5027 /37 VTAC® 

General Description 

The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com
panion chip to SMC's CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 
The CRT 8002H video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 
The CRT 8002H attributes include: reverse video, char
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
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and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 

In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol or a graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

The external mode enables the user to extend the on
chi~ ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex
ternal symbols can come from either RAM, ROM or 
PROM. 

I 
I 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... 0°C to+ 70°C 
Storage Temperature Range .............................................................. -55°C to+ 150°C 
Lead Temperature (soldering, 1 O sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground .................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V:!::5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, v,L 0.8 v excluding voe 
High-level, v,H 2.0 v excluding voe 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, v,L 0.8 v 
High-level, v,H 4.3 v See Figure 6 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 v Im =0.4 mA, 74LSXX load 
High-level, VoH 2.4 v loH=-20µ,A 

INPUT CURRENT 
Leakage, IL {Except CLOCK) 10 µA O:::::v1N:'SVcc 
Leak'!ge, IL {CLOCK Only) 50 µA O:':':'.:V1N:':'o::Vcc 

INPUT CAPACITANCE 
Data 10 pF @1MHz 
LD/SH 20 pF @1 MHz 
CLOCK 25 pF @1MHz 

POWER SUPPLY CURRENT 
Ice 100 mA 

A.C. CHARACTERISTICS 
See Figure 6, 7 

SYMBOL PARAMETER MIN. MAX. 

voe Video Dot Clock Frequency 1.0 25 

PWH voe- High Time 11.0 

PWL VDC- Low Time 11.0 

tcv LD/SH cycle time 310 

tr, t1 Rise, fall time 9 

tsET-UP Input set-up time 2".0 

tHOLD Input hold time 15 

tP01, tpoo Output propagation delay 15 27 

t, LD/SH set-up time 5 

t2 LD/SH h1ld time 5 
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UNITS 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



BLOCK DIAGRAM 

ADDRESS/DATA 
INPUTS 

CURSOR-------~ 

RETRACE BLANK 

ATTRIBUTE ENABLE 

MODE SELECT i1 
MODE SELECT 1 

REVERSE VIDEO 

UNDERLINE 

BLINK------1 

STRIKE THRU -

VIDEO DOT CLOCK 
LOAD/SHIFT 

ADDRESS/ 
DATA 

LATCH 

STRIKE-THRU 
SELECT 

LOGIC 

LOGIC 

_r::;-i___.-----. CURSOR RATE 
VSYNC -~ - LOGIC CHARACTER RATE 

VDC 

LD/SH 

DECODER 

ROW ADDRESS 
R0-R3 

7 x 11x128 
ROM 

ATTRIBUTE 
LOGIC 

a 
SR7 

VIDEO 

i ~
1 

'::' ~-2.0V AlLINPUTS /j/////////////////?>J/1 ~ 
(except VDC, LD/SHJ~ l! _______________ +-_1_"0-,0-~ I o.ev 

tm.uP I 

VIDEO 
OUTPUT 

FIGURE 7 
AC TIMING DIAGRAM 

I 
I 
I 

I 

I · 

..-------- 2 OV 

-------- 0.4V 

· I 
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PIN NO. SYMBOL 

1 VIDEO 

2 LD/SH 

3 voe 
4-11 M-A7 

12 Vee 
13,14,15,16 R2,R3,R1,R0 

17 GND 
18 ATTBE 

19 STKRU 

20 UNDLN 

21 REVID 

22 CHABL 

23 VSYNC 

24 BLINK 

I 
2S MS1 
26 MS¢ 

MS1 

1 
1 
0 
0 

DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 

NAME OUTPUT 

Video Output 0 

Load/Sfillt I 

Video Dot Clock I 
Address/Data I 

Power Supply PS 
Row Address I 
Ground GND 
Attribute Enable I 

Strike-Thru I 

Underline 

Reverse Video I 

Character Blank I 

VSYNC I 

Blink I 

I 
Mode Select 1 I 
Mode Select¢ I 

MS0 MODE 

1 Alphanumeric 
0 Thin Graphics 
1 External Mode 
0 Wide Graphics 

FUNCTION 

The video output contains the dot stream for the selected row of the alpha-
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dot~ (7X11) allocated for each of the 128 characters. See figure S. The top 
row (R ) and rows R12 to R1S are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and c¢ to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, CS, through C0. 
The timing of the Load/Shift pulse will determine the number of additional 
(- -, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 
The 8 bit shift~ster parallel-in load or serial-out shift modes are established 
by the Load/ 1ft input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 
Frequency at which video is shifted. 
In the Alphanumeric Mode the 7 bits on inputs (A¢-A6) are internally decoded 
to address one of the 128 available characters (A7 = X). In the External Mode, 
A¢-A7 iS'used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A¢-A7 is 
used to define one of 2S6 graphic entities. In the thin Graphic Mode Ar)-A2 is 
used to define the 3 line segments. 
+ S volt power supply 
These 4 binary inputs define the row address in the current character block. 
Ground 
A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select¢, and Mode Select 1 inputs 
to be stro~ into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 
When this input is high and RETBL = o, the parallel inputs to the shift register 
are forced high (SR¢-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1 ). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-{hru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike-

I thru will be a double line on rows RS and R6. 
When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under-

! line will be a single line on R11. 
When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 
When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 
This input is used as the clock input for the two on-chrp mask programmable 
blink rate dividers. The cursor blink rate (SO/SO duty cycle) will be twice the 
character blink rate (7S/2S duty cycle). The divisors can be programmed from 
-:- 4 to -:- 30 for the cursor(-:- 8 to -:- 60 for the character). 

When this input is high and RETBL = 0 and CHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 

I character blink rate is 1.87S Hz. 
These 2 inputs define the four modes of operation of the CRT 8002 as follows: 

Alphanumeric Mode - In this mode addresses A¢-A6 (A7=X) are in-
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 
Thin GraRhics Mode- In this mode A'/J-A2 (A3-A7=X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 
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PIN NO. SYMBOL NAME 

25 
26 

(cont.) 

27 CURSOR Cursor 

28 RETBL Retrace Blank 

CURSOR 

x 
0 
0 

0 
0 
0 

0 
Underline* 

Underline* 

Underline* 

Underline* 

Blinking** Underline* 

Blinking** Underline* 

Blinking** Underline* 

Blinking** Underline* 

REVID Block 
REVID Block 

REVIDBlock 
REVID Block 

REVIDBlock 
REVID Block 

REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 

DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 
OUTPUT FUNCTION 

External Mode - In this mode the inputs Ar)-A7 go directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 
Wide GraRhics Mode-In this mode the inputs Af'J-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R¢ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 

These 4 modes can be intermixed on a per character basis. 
I When this input is enabled 1 of the 4 pre-programmed cursor modes will be 

activated. The cursor mode is on-chip mask programmable. The standard cur
sor will be a blinking (at 3.75 Hz) reverse video block. The 4 cursor modes are: 

Underline-In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 
Blinking Underline-In this mode the underline blinks at the cursor rate. 
Reverse Video Block-In this mode the Character Block is set to reverse 
video. 
Blinking Reverse Video Block-In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 
The cursor functions are listed in table 1. 

I When this input is latched high, the shift register parallel inputs are uncon
ditionaj_[y_cleared to all zeros and loaded into the shift register on the next 
Load/Sllffi pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 

TABLE 1 
RETBL REVID CHA BL UNDLN* FUNCTION 

1 x x x "O" S.R. All 
0 0 0 0 D (~.R.)All 
0 0 0 1 "1 Jt (S.R.)* 

D (S.R.) All others 
0 0 1 x "O" (S.R.)All 
0 1 0 0 5 (S.R.)All 
0 1 0 1 "O,, (S.R.)* 

5 (S.R.) All others 
0 1 1 x "1" (S.R.)All 
0 0 0 x "1 JJ (S.R.)* 

D (S.R.) All others 
0 0 1 x "1" (S.R.)* 

"O" (S.R.) All others 
0 1 0 x "O" (S.R.)* 

5 (S.R.} All others 
0 1 1 x "O" (S.R.)* 

"1'' (S.R.) All others 
0 0 0 x "1 '' (S.R.)* Blinking 

D (S.R.) All others 
0 0 1 x "1" (S.R.)* Blinking 

"O" (S.R.) All others 
0 1 0 x "O" (S.R.) *Blinking 

i5 (S.R.) All others 
0 1 1 x "O" (S.R.) *Blinking 

"1,, (S.R.) All others 
0 0 0 0 D (S.R.)All 
0 0 0 1 "O" (S.R.)* 

5 (S.R.) All others 
0 0 1 x ''1" (S.R.) All 
0 0 0 1 "O" (S.R.)* 

5 (S.R.) All others 
0 1 0 0 D (S.R.) All 
0 1 0 1 "1" (S.R.)* 

D (S.R.) All others 
0 1 1 x "O" (S,R.) All 
0 0 0 0 
0 0 0 1 
0 0 1 x {Alternate Normal Video/REVID 
0 1 0 0 At Cursor Blink Rate 
0 1 0 1 
0 1 1 x 

*At Selected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 
ROM CHARACTER BLOCK FORMAT 

ROWS R3 R2 R1 R0' 

(ALL ZEROS)~ 0 0 0 0 0 0 0 0 R0 0 0 0 0 --------------0 0 0 0 0 0 0 0 R1 0 0 0 1 

0 0 0 0 0 0 0 0 R2 0 0 0 

0 0 0 0 0 0 0 0 R3 0 0 

0 0 0 0 0 0 0 0 R4 0 1 0 0 

0 0 0 0 0 0 0 0 R5 0 0 
77 BITS 0 0 0 0 0 0 0 0 R6 0 0 

(7x11 ROM) 
0 0 0 0 0 0 0 0 R7 0 

0 0 0 0 0 0 0 0 RB 0 0 0 

0 0 0 0 0 0 0 0 R9 0 0 

0 0 0 0 0 0 0 0 R10 0 1 0 

0 0 0 0 0 0 0 0 R11 0 1 1 --------------

{~ 
0 0 0 0 0 0 0 R12 1 0 0 

0 0 0 0 0 0 0 R13 0 
(ALL ZEROS) 

0 0 0 0 0 0 0 R14 0 

0 0 0 0 0 0 0 R15 

*C7 C6 C5 C4 C3 C2 C1 C0 -\f__ EXTENDED ZEROS (BACK FILL) 

*COLUMN 7 IS ALL ZEROS (REVID = 0) 
FOR INTERCHARACTER SPAC-
ING (NUMBER CONTROLLED 

COLUMN 7 IS SHIFTED OUT FIRST BY LD/SH, voe TIMING) 

AG 

A3. Af 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

000 

001 

010 

011 

100 

101 

110 

111 

R11 

R1 

R11 

CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO CG ... CO 

CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 
WIDE GRAPHICS MODE 

5 BITS,. 

I 
MS0=.0' MS1 =O 

3 LINES' A7 A3 

3 LINES AB A2 

3 LINES AS Al 

3 LINES A4 A0 

'ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
.. CAN BE PROGRAMMED FROM 1 TO 7 BITS 

... LENGTH DETERMINED BY LO/SH, voe TIMING 

EXAMPLE: 10010110 

~,@ 
o/'M0 
~ 

~ 

FIGURE 2 

R.0' 
R1 

R2 

R3 

R4 

RS 

R6 

R7 

RB 

R9 

R1,0' 

R11 
R12 

R13 

R14 

R1S 

C7 C6 CS C4 C3 C2 C1 

~ ................ ,,,,__~ ....................... .__,.._.,.,_..,...,..,..~ 
I-"--'.._,,.__,,___.__.._.._..._ ................... ~ 

NOTE: Unselected raster line rows. 
are always filled with ones. 

L-------------~ 
BF=back fill 

THIN GRAPHICS MODE 
----N .. BITS-----il MS9='1 MS1 =1 

-ROWOOOO R,.0' 

'------......i...-----.---'- PROGRAMMABLE 
ROW 

A2 Al A0 

X=DDN'T CARE 
THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 

.. LENGTH DETERMINED BY LD/S'R, voe TIMING 

FIGURE 3 
EXTERNAL MODE 

MS~=1 MS1 ='1 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

RS 

R11 

R12 

R13 

R14 

R1S 

C7 C6 CS C4 C3 C2 C1 CJ{ BF BF ... 

I 

I 

I 
I I 

I I 
L--""" 

I I I , ___ J ___ .J 

NOTE: When A1 = "1", the underline 
row/rows are deleted. 
When A1 = "O", the underline, 
if selected, will appear. 

BF=back fill 

C7 C6 CS C4 C3 C2 C1 CO BF BF 

R,0',.-R15 I A7 I A6 I As I A4 I A3 I A2 A 1 I A0 I A 71 A 71 · . · I 
BF~ back fill 
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VDC 

LD/SH 

VIDEO DATA 
8 DOT FIELD 

VIDEO DATA 
9 DOT FIELD 

FIGURE 4 TYPICAL VIDEO OUTPUT 

NOTE: C,v 
x =character number 
y=column number 

BF= back fill 

XTAL 

R 74160 s· DOT CARRY 
COUNTER ----, 

CP(+N) ~DCC H SYNC 
HORIZ. SYNC 

-i 
Bl-DIRECTIONAL DATA BUS 8 0 

VERT. SYNC 
V SYNC () 

JJ 
7404 

r;::==============::C::::;t:~DB0-7 
VIDEO DOT 

CLOCK 

MICRO
PROCESSOR 

DATA BUS 

FIGURE 6 

74SXX 

CP EXTERNAL 

ADDRESS BUS 4 

CHIP SELECT .__----------ics 

8 CHARACTER COLUMN 
n\::z:=======::f H0-7 

6 CHARACTER ROW 
iv-.;----------1 DRIJ-5 

CHARACTER 
ADDRESS 
BUS 

C SYNC 

VTAC® 
CRT5027 BL 

CRT5037 

RIJ-3 CRV 

RASTER 
SCAN 
COUNTER 

VDAC'" 
CRT8002H 

COMPOSITE 
SYNC 

BLANKING 

() 
c 
JJ 
Cf) 

0 
JJ .,, ,.... 
}> 
Gl 

RE TRAC 
BLANKING 

SERIAL 
OUTPUT 

VIDEO 

•2-PORT RAM 
1Kx8 TO 4Kx 8 

Vee 

CHARACTER 1------' 
FRAME 

BUFFER 

•oR 1 PORT RAM 
WITH Bl-DIRECT 
PORT 

CRT 5027 VTAC 
CRT 8002 VDAC 

µP CONFIGURATION 

.-----------voe (to chip) 

soon 

-i 
;:: 
0 
z 
=i 
0 
JJ 

l--------4---4CLK 
74874 

Q.------LD/SH (to chip) 

LOAD/SHIFT EXTERNAL-------40 

STANDARD MICROSYSTEMS 
CORPORATION •mm 

35M¥CllSBlvd Hauppauge,NY11788 
(516)273-3100·TWx.510-227-8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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CRT 8021 
CRT 8021-003 

µPC FAMILY 

CRT Video Attributes Controller 
Video Generator 

VAC 

FEATURES 
DON CHIP VIDEO SHIFT REGISTER 

Maximum shift register frequency-20MHz 
Maximum character clock rate-2.5MHz 

DON CHIP HORIZONTAL AND VERTICAL RETRACE 
VIDEO BLANKING 

DON CHIP GRAPHICS GENERATION 

DON CHIP ATTRIBUTE LOGIC-CHARACTER, FIELD 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

DON CHIP BLINKING CURSOR 

DON CHIP DATA BUFFER 

DON CHIP ATTRIBUTE BUFFER 

D +5 VOLT OPERATION 

D TTL COMPATIBLE 

D MOS N-CHANNEL SILICON-GATE COPLAMOS® 
PROCESS 

PIN CONFIGURATION 

VIDEO 1 28 RETBL 

LO/SH 2 27 CURSOR 

VDO 3 26 MSC! 

A0 4 25 MSI 

A1 5 24 BLINK 

A2 6 23 V SYN 

A3 7 22 CHABL 

A4 8 21 REVID 

A5 9 20 UNDLN 

A6 10 19 STKRU 

A7 11 18 ATTBE 

Vee 12 17 GND 

R2 13 16 RO 

R3 14 15 R1 

D COMPATIBLE WITH CRT 5027/37 VTAC® AND 
CRT 9007 VPAC 

GENERAL DESCRIPTION 
The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI device. It con
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC's CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027 /37 or a CRT 9007 com
prises the major circuitry required for the display portion 
of a CRT video terminal. 

The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 blanking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon
tal and vertical retrace blanking of the video output. 

A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 

The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 
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strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 

The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 

The CRT 8021-003 provides a six part graphic entity for 
five by seven or five by nine characters in character blocks 
of up to seven by ten dots. 



BLOCK DIAGRAM 

ADDRESS/DATA 
INPUTS 
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RETRACE BLANK 

ATTRIBUTE ENABLE 
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MODE SELECT 1 
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UNDERLINE 
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·I 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ........................................................... 0°c to+ 70°C 
Storage Temperature Range .......................................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ........................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ................................................. +a.av 
Negative Voltage on any Pin, with respect to ground ................................................ -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee= +5V ±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, V1L 0.8 v excluding voe 
High-level, V1H 2.0 v excluding voe 

INPUT VOLTAGE LEVELS-CLOCK 
Low-level, V1L 0.8 v 
High-level, V1H 4.3 v See Figure 7 

OUTPUT VOLTAGE LEVELS 
Low-level, VoL 0.4 v loL = 0.4 mA, 74LSXX load 
High-level, VoH 2.4 v loH=-20µA 

INPUT CURRENT 
Leakage, IL (Except CLOCK) 10 µA O'S'J1N'S'Jcc 
Leakage, IL (CLOCK Only) 50 µA O'S'J1N'S'Jcc 

INPUT CAPACITANCE 
Data 10 pF @1 MHz 
LD/SH 20 pF @1 MHz 
CLOCK 25 pF @1 MHz 

POWER SUPPLY CURRENT 
Ice 100 mA 

A.C. CHARACTERISTICS 
See Figure 6, 7 

SYMBOL PARAMETER 
CRT 8021 

UNITS 
MIN. MAX. 

voe Video Dot Clock Frequency 1.0 20 MHz 

PWH VDC-High Time 15.0 ns 

PWL VDC-Low Time 15.0 ns 

tcv LD/SH cycle time 400 ns 

t,, t1 Rise, fall time 10 ns 

tsET-UP Input set-up time 2:0 ns 

tHOLD Input hold time 15 ns 

tpo1, tpoo Output propagation delay 15 50 ns 

t, LD/SH set-up time 10 ns 

h LD/SH hold time 5 ns 
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DESCRIPTION OF PIN FUNCTIONS 
INPUT/ 

PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1 VIDEO Video Output 0 The video output contains the dot stream for the selected row of the wide graphic, thin 
graphic, or external character after processing by the attribute logic, and the retrace 
blank and cursor inputs. 
The timing of the Load/Shift pulse will determine the number of additional (- -, 
zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character via the attribute logic, is 
parallel loaded into the shift register and the cycle repeats. 

2 LD/SH Load/Shift I The 8 bit shift-register parallel-in load or serial-out shift modes are established by 
the Load/Shift input. When low, this input enables the shift register for serial 
shifting with each Video Dot Clock pulse. When high, the shift register parallel 
(broadside) data inputs are enabled and synchronous loading occurs on the next 
Video Dot Clock pulse. During parallel loading, serial data flow is inhibited. The 
Address/Data inputs (Afl-A7) are latched· on the negative transition of the 
Load/Shift input. See timing diagram, figure 1. 

3 VDC Video Dot Clock I Frequency at which video is shifted. 

4-11 A0-A7 Address/Data I In the External Mode, A0-A7 is used to insert an 8 bit word from a user defined 
external ROM, PR.OM or RAM into the on-chip Attribute logic. In the wide Graphic 
Mode A0-A7 is used to define one of 2S6 graphic entities. In ·the thin Graphic 
Mode A0-A2 is used to define the 3 line segments. 

12 Vee Power Supply PS +s volt power supply. 

13, 14, 1S, 16 R2, R3, R1, R0 Row Address I These 4 binary inputs define the row address in the current character block. 

17 GND Ground GND Ground 

18 ATTBE Attribute Enable I A positive level on this input enables data from the Reverse Video, Character Blank, 
Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs to be strobed 
into the on-chip attribute latch at the negative transition of the Load/Shift pulse. 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching on a character 
by character basis, tie ATTBE high. See timing diagram, figure 1. 

19 STKRU Strike-Thru I When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1). The 
strike-thru is a double line on rows RS and R6 for the CRT 8021 and a single line on 
row R4 for the CRT 8021-003. 

20 UNDLN Underline I When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1 ). The 
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021-003. 

21 REVID Reverse Video I When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is inverted and then presented to the shift register parallel inputs. 
This operation reverses the data and field video. See table 1. 

22 CHA BL Character Blank I When this input is high, the parallel inputs to the shift register are all set low, provid-
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1. 

23 VSYNC V SYNC I This input is used as the clock input for the two on-chip blink rate dividers. 
The cursor blink rate (SO/SO duty cycle) will be twice the character blink rate 
(7S/2S duty cycle). 

24 BLINK Blink I When this input is high and RETBL = 0 and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 
block with the internal Character Blink clock. The character blink rate is 1.87S Hz 
when V SYNC= 60 Hz. 

2S MS1 Mode Select 1 I These 2 inputs define the three modes of operation of the CRT 8002 as follows: 
26 MS0 Mode Select 0 I Thin Grai:.iH'ics Mode-In this mode A0-A2, (A3-A7 = X) will be loaded into the thin 

graphic logic along with the row addresses. This logic will define the segments 

MS1 MS0 MODE of a graphic entity as defined in figure 6. 

Thin Graphics 
Character Mode-In this mode the inputs A0-A7 go directly from the character latch 

1 0 into the shift register via the attribute logic. Thus the user may define external charac-
0 1 Character Mode ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3. 

0 0 Wide Graphics Wide Grai:.ihics Mode-In this mode the inputs A0-A7 will define a graphic entity as 
described in figures. Each line of the graphic entity is determined by the wide graphic 
logic in conjunction with the row inputs R0 to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits can define any 
1 of the 2S6 possible graphic entities. These entities can butt up against each other to 
form a contiguous pattern or can be inters paced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 

These 3 modes can be intermixed on a per character basis. 

27 CURSOR Cursor I When this input is enabled the cursor will be activated. The cursor will be a blinking(at 
3. 7S Hz when V SYNC= 60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 

28 RETBL Retrace Blank I When this input is latched high, the shift register parallel inputs are .llil£9nditionally 
cleared to all zeros and loaded into the shift register on the next Load/Shift pulse. This 
blanks the video, independent of all attributes, during horizontal and vertical retrace time. 
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TABLE 1 
CURSOR RETBL REVID · CHABL UNDLN* FUNCTION 

x 1 x x x "O" (S.R.)All 
0 0 0 0 0 D (S.R.)All 
0 0 0 0 1 "1" (S.R.)* 

D (S.R.) All others 
0 0 0 1 x "O" (S.R.)All 
0 0 1 0 0 5 (S.R.)All 
0 0 1 0 1 "O" (S.R.)* 

i5 (S.R.) All others 
0 0 1 1 x "1" (S.R.)All 

Blink** REVID Block 0 0 0 0 
Blink** REVID Block 0 0 0 1 
Blink** REVID Block 0 0 1 x {Alternate Normal Video/REVID 
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink** REVID Block 0 1 0 1 
Blink** REVID Block 0 1 1 x 
•At Selected Row Decode ••At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 

FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 

CRT 8021 ROWS R3 R2 R1 RO CRT 8021-003 
(ALL ZEROS)~ 0 0 0 0 0 0 0 0 - - R0 0 0 0 0 0 0 0 0 0 0 0 0 

0 ro-0-0--0--cf-o-01 - - R1 0 0 0 1 r--- ------- -, 
0 0 o,o 0 0 0 01 

0 0 0 0 0 0 0 0 - - R2 0 0 1 0 o:o 0 0 0 o: 0 0 
0 0 0 0 0 0 0 0 - - R3 0 0 1 1 010 0 0 0 01 0 0 
0 0 0 0 0 0 0 0 - - R4 0 1 0 0 o:o 0 0 0 01 0 0 
0 0 0 0 0 0 0 0 - - R5 0 1 0 1 010 0 0 0 01 0 0 
0 0 0 0 0 0 0 0 - - R6 0 1 1 0 010 o o o 01 0 0 
0 0 ·o 0 0 0 0 0 - - R7 0 1 1 1 oio o o o oi 0 0 

"'-------- ____ J 

I 
0 0 o. 0 0 0 0 0 - - RB 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 - - R9 1 0 0 1 0 0 0 0 0 0 0 0 ' 

0 0 0 0 0 0 0 0 - - R10 1 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 - - R11 1 0 1 1 0 0 0 0 0 0 0 0 

{ o ~o--0--0--0-o-o--o - - R12 1 1 0 0 0 0 0 0 0 0 0 0 

(ALL ZEROS) 0 0 0 0 0 0 0 0 - - R13 1 1 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 - - R14 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 - - R15 . 1 1 1 1 0 0 0 0 0 0 0 0 

C7 C6 C5 C4 C3 C2 C1 ca - - C7 C6 C5 C4 C3 C2 C1 C0 \L EXTENDED ZEROS (BACK 
FILL) FOR INTERCHARACTER 
SPACING (NUMBER 
CONTROLLED BY LD/SH, 

COLUMN 7 IS SHIFTED OUT FIRST voe TIMING) 

Note: Dotted line shows typical character display area. 

FIGURE 3 
CHARACTER MODE 

MS0=1MS1=0 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF ... 

Rl'.'.l-R15 I A7 I A6 I A5 I A4 I A3 I A2 I A1 I A0 I A7 I A7 I ... I 

BF= back fill 
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FIGURE 4. TYPICAL VIDEO OUTPUT-CHARACTER MODE 

voe 

LO/SH 

VIDEO DATA 
8 DOT FIELD A7 A6 A5 A4 A3 A2 A1 AO A7 A6 A5 A4 

VIDEO DATA 
9 DOT FIELD 

A7 A6 A5 A4 A3 A2 A1 AO A7 A7 A6 A5 

FIGURE 5 
WIDE GRAPHICS MODE 

MS0 = 0 MS1=0 
5 BITS'' 

ROW ADDRESS I I 
0000 

3 LINES' A7 A3 

3 LINES 

3 LINES 

3 LINES 

A0 

'ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
"CAN BE PROGRAMMED FROM 1 TO 7 BITS 

'"LENGTH DETERMINED BY LO/SF!, voe TIMING 

EXAMPLo: 10010110 

W%'-@ 
o/'m0 
~ 

~ 

Ag 

R1 

R2 

CRT 8021 

R3 ......,;....+--4-4-4i~~~~~:..1 

R4 

R5 
R6 ~~~.....,.:.,....~~~4-4-4=-l 

R7 

RB 

R14 NOTE: Unselected raster line rows 
are always lilied with ones. 

R15 

BF=back till 

FIGURE 6 

i------N"BITS -----< 

I-ROW 0000 

THIN GRAPHICS MODE 
MSO = 0 MS1=1 

---------"---+-----'-PROGRAMMABLE 
ROW 

A2 A1 A0 

X=DON'T CARE 

+~ERl~l~go~EGMENT IS MASK PROGRAMMABLE 

.. LENGTH DETERMINED BY LD/SH, voe TIMING 

RJ1 
R1 

R2 

RJ 

R4 

RS 

R6 

R7 

R8 

R9 

R1f4 

R12 

R1J 

R14 

CRT 8021 

C7 C6 CS C4 CJ C2 C1 Ci1 BF BF ... -, 

........................ ~ ................ '-4-4-'~ 

R15 .._ __ __,_ 

NOTE: When Al= "1'', the underline 
row/rows are deleted. 
When At =''O", the underline. 
it selected, will appear 

BF=backlill 
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A3 A2 

A4 A3 

A1 

A2 

Ag 

R1 

R2 

R3 

R4 

R5 

AO A7 A6 A5 

A1 AO A7 A7 

CRT 8021-003 

C7 C6 C5 C4 C3 C2 C1 CS 

~-+-~~~..,,...,~~ 

R6 ~-TT-;H~-t-1~~ 

R7 

RB 

R11 

R12 

R13 

R14 

R15 

Note: R11-R15 are 
always filled with ones 

"--------~ 

CRT 8021-003 

C7 C6 CS C4 CJ C2 C1 Ci1 BF 

RJ1 
R1 

R2 

RJ 

R4 
RS 

R6 

R7 

R8 

R9 

R1i1 
R11 

R12 

R13 
R14 
R1S .__ ______ __._. ...... 



CP EXTERNAL 

SYSTEM RAM 
OR 

SINGLE OR 
DOUBLE ROW 

BUFFER 

FIGURE 7 

Vee VDC (to chip) 

r----o~~~~---<.,_----4CLK 

74874 

LOAD/SHIFT exTERNAL----o 

FIGURE 8 

Qi------LD/SH (to chip) 

TYPICAL CRT 8021 CONFIGURATION 
FOR COMBINED CHARACTER AND GRAPHICS MODES 

L 
A 

I 6 
I H 
I 
I 
L_ 

~~i~ CRT 4 
CONTROLLER 

THREE-1-------. 
STATE 

DR IVER 1-------. 

CHARACTER 
ROM 

FROM CRT CONTROLLER 

RETRACE 
R3-R0 BLANKING CURSOR 

4 

VAC 
CRT 8021 

VIDEO 

ATTRIBUTES (RV, CB, CB LANK, ATTEN,STKTU, MS1) 

TO 
MONITOR 

"LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. 
CHARACTER CLOCK 
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XTAL SD R 

7404 c 7404 

VIDEO DOT 
CLOCK 

DATA BUS 

74160 
DOT 

COUNTER 
h-N) 

CP 

PR~~ERS~-OR I ADDRESS BUS 

CONTROL BUS 

CARRY 

~ CHARACTER CLOCK 
'---~~~~~~~~~~~~~~~~~~~~~-· DCC 

Bl-DIRECTIONAL DATA BUS 

ADDRESS BUS 

CHIP SELECT 

DATA STROBE 

8 CHARACTER COLUMN 

6 CHARACTER ROW 

CHARACTER 
ADDRESS 
BUS 

ADDRESS 

ASCII 
DATA 

DBll-7 

All-3 

cs 

DS 

Hll-7 

DRll-5 

RASTER SCAN COUNTER 

CHARACTER 
ROM 

VIDEO DATA 

VIDEO DOT 
CLOCK 

H SYNC HORIZ. SYNC 
-i 

VERT. SYNC 
0 

V SYNC () - J:J 
-i 

COMPOSITE 
C SYNC :;':: 

SYNC - 0 

VTAC 
CRT5027 

BL BLANKING ~ 
l VIDEO ~ 

Rll-3 

VAC 
CRT8021 

CRV () 

~ 
(fJ 

~ .,, 
r 
l> 
Cl 

RETRACE 
Bi::ANKi'NG 
SERIAL 
OUTPUT 

7 r-..._~~~~~~~--' 

·2-PORT RAM 
1Kx8 TO 4Kx8 f-Cl 
CHt~:~~ER 5 I ~ : ATTRIBUTES 1 I 

BUFFER 
1 

C : 

·oR 1 PORT RAM L!L.J 
WITH Bl-DIRECT 
PORT 

TIMING 
FROM 

DOT COUNTER 
OR 

CHARACTER 
CLOCK 

·Latch may be required depending on system timing. 

FIGURE 9. CRT 8021 TYPICAL µP CONFIGURATION (CHARACTER MODE ONLY) 
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STANDARD MICROSVSTEiViS 
CORPORATIONffe;:=;-~ ===-=~¥5 
r- 1,· '.···· .. ,,,·e·w. ' .. >.@k·. , ... , .--.JfP 
I ... ···'·;~;·.·\,,., .·. ::• ' 

CRT 9006-135 
CRT 9006-83 

µPC FAMILY 

Sung~e Rot'lf rBuHer 
SRB 

FEATURES: 
D Low Cost Solution to CRT Memory Contention Problem 
D Provides Enhanced Processor Throughput for CRT 

Display Systems 
D Provides 8 Bit Wide Variable Length Serial Memory 
D Permits Active Video on All Scan Lines of Data Row 

PIN CONFIGURATION 

DOUT3 GND 

DOUT2 DOUT4 

DOUT1 DOUT5 

DOUTCJ DOUT6 

D Dynamically Variable Number of Characters per Data Row
... 64, 80, 132, ... up to a Maximum of 135 

CLK 

WREN 

DOUT7 

6E 

D Cascadable for Data Rows Greater than 135 Characters 
D Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
D Three-State Outputs 
D 3.3MHz Typical Read/Write Data Rate 
D Static Operation 
0 Compatible with SMC CRT 5037, CRT 9007, and other 

CRT Controllers 
D 24 Pin Dual In Line Package 
D +s Volt Only Power Supply 
D TTL Compatible Inputs and Outputs 
D Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 

CLRCNT 

CKEN 

DINCJ 

DIN1 

DIN2 

DIN3 

Package: 24-pin D.l.P. 

APPLICATIONS: 
D CRT Data Row Buffer 
D Block-Oriented Buffer 
D Printer Buffer 

OF 

DIN? 

DIN6 

DINS 

DIN4 

+sv 

D Synchronous Communications Buffer 
D Floppy Disk Sector Buffer 

GENERAL DESCRIPTION 

The SMC Single Row Buffer (SRB) provides a low cost solu
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 

(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through
put and permits a flicker-free display of data. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1-4 DATA OUTPUTS DOUT3-DOUT0 Data Outputs from the internal output latch. 

5 CLOCK CLK Character clock. The negative-going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 

6 WRITE ENABLE WREN When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential 
locations in the RAM. 

7 CLEAR COUNTER CLRCNT A negative transition on CLRCNT clears the RAM address counter. 
CLRCNT is normally asserted low near the beginning of each 
scan line. 

8 CLOCK ENABLE CKEN When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 

9-12 DATA INPUTS DIN0-DIN3 Data Inputs from system memory. 

13 POWER SUPPLY Vee +s Volt supply. 

14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory. 

18 OVERFLOW FLAG OF This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 

19 OUTPUT ENABLE OE When OE is low, the data outputs DOUT0-DOUT7 are enabled. 
When OE is high, DOUT0-DOUT7 present a high impedance 
state. 

20-23 DATA OUTPUTS DOUT7-DOUT4 Data Outputs from the internal output latch. 

24 GROUND GND Ground. 

OPERATION 

For CRT operation, the Write Enable (WREN) signal is RAM has been fully loaded (135 bytes). While data is 
made active for the duration of the top scan line of each being written into the RAM, it is also being output through 
data row. Clear Counter (CLRCNT) typically occurs at the multiplexer onto the Data Output (DOUT) lines. Each 
the beginning of each scan line (HSYNC may be used as byte is loaded into the output latch one clock time later 
input to CLRCNT). Data is continually clocked into the than it is written into the RAM. Output of the data during 
input latch by CLK. When Clock Enable (CKEN) occurs, the first scan line permits the Video Display Controller 
the data in the input latch (Write Data) is written into the (such as the CRT 8002) to display video on the first scan 
first location of RAM. At the negative-going edge of the line. During subsequent scan lines inthedatarow, thesys-
next clock, the address counter is incremented, the next tern will disable Write Enable (WREN) and cause data to be 
input data is latched into the input latch, and the new data read out from the internal RAM, thereby freeing the sys-
is then written into the RAM. Loading the RAM continues tern memory for processor access for the remaining N-1 
until one clock after CKEN goes inactive or until the scan lines where N is the number of scan lines per data row. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .................................................................... 0° C to+ 70° C 
Storage Temperature Range ...................................................................... -55° C to+ 150° C 
Lead Temperature (soldering, 10 sec.) .................................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ......................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .......................................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA= 0° C to 70° C, Vee= +5 ±5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

DC CHARACTERISTICS 
Input Voltage Levels 

Low Level V1L 0.8 v 
High Level V1H 2.0 v 

Output Voltage Levels 
Low Level VoL 0.4 v loL=2mA 
High Level VoH 2.4 v loH=-100µA 

Input Current 10 µA 0 :5 V1N :5 Vee 
Leakage, l1L 

Output '1' Leakage 10 µA 
Output 'O' Leakage 10 µA 

(Off State) 
Input Capacitance 

CLK 30 45 pF 
All other inputs 10 15 pF 

Power Supply Current 
Ice (SRB-135) 115 mA 
Ice (SRB-83) 100 mA 

AC CHARACTERISTICS 
tcy 

(SR8135) 300 250 ns 
(SR883) 400 330 ns 

tcKL 
(SRB135) 240 190 DC ns 
(SRB83) 320 250 DC ns 

tcKH 
(SRB135) 28 5000 ns 
(SRB83) 34 5000 ns 

tcKR 
(SRB135) 10 ns tcKH = 28ns 
(SRB83) 10 ns tcKH =34ns 

tcKF 
(SRB135) 10 ns tcKL =240ns 
(SRB83) 10 ns tcLK =320ns 

toser 65 ns 
toHOLD 5 ns 
teNCKP 0 ns 
teNCKN 

(SRB135) 100 ns 
(SRB83) 125 ns 

teNHOLD 0 ns 
twRCKN 

(SRB135) 100 ns 
(SRB83) 125 ns 

WENHLD 0 ns 
DOUT 175 ns CL= SOpF 
TSON 175 ns 
TSO FF 175 ns 
OFON 175 ns CL=30pF 
CLAS 

(SRB135) 100 ns 
(SRB83) 125 ns 

CLRH 0 ns 
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FIGURE 1: AC CHARACTERISTICS 

CLK 

DIN?-~ 

tENHOLO 

CKEN 

lWENHLO 

WREN 

trsOFF 

FIGURE 2: SINGLE ROW BUFFER READ TIMING 

CLK 

CHAR ADDRESS 
(HO= 1st VISIBLE CHAR) -~ ~--' ~--~~-~· ~--~ '--~ ~ 

Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
tc" = 1 CLK PERIOD (min) 

', ________ - - - ---

FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 

CHAR ADDRESS 
(HO = 1st VISIBLE CHAR) -~ ~-~ ~-~~~~ 

~ 
-------------

WREN :z72~h~-------------------1 <--~--------

Notes: N = 134 FOR CRT9006-135 
N = 62 FOR CRT9006-63 
tc" = 1 CLK PERIOD (min.) 

'--------- - -- -
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(J.) 
(J.) 
(J.) 

MEMORY 

PROCESSOR 
µP!µC HLDA 

·ADDA DATA RD WR 

B 
u 
s 

DIN7-0 

z 
<( 

Vilw I-~ 
Cfl-' 
a: 
Li: 

VLT 

z::;; wlw 
:::ij:: 

ol>-::J :5 
<(C.. 
>Cf) 

Ci 

TSC AST INT 

T 

CRT CONTROLLER 
(CRT 5037, CRT 9007, .. CBCA:6~J-----:}~ 

0 

SL3 SL2 SL 1 SL0 CURS CCLK 

DOT 
CLOCK 

.--~~~~~~~~~~-+-~+---+~-t----11--~~t--+--<>--~~~---1GENERATOR 

R 

WREN CLRCNT CKEN CLK A0 CURSOR VSYNC RETBL 

CRT 9006 
SINGLE 

ROW BUFFER 

DO UT7-0 l--------i ATTRIBUTES 

OE GND 

OF 
L-----,/IA7-0 

CRT8002 
VDAC® 

LO/SHI I 
voe 1 

TO 
VIDEO! MONITOR 

FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 



FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 

OF,=CKENe -----------~:)------_, 

Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES Alj..B IN FIGURE 5 

FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS-270 BYTES TOTAL 

CLRCNT 

WREN 

CLK 
CKEN 

_,,_ 
DATA INPUT FROM MEMOR'? DIN7-0 ,,, 

35Mai:usBlvd .. Halpp;IJge,NY11788 
(5161273-JHJO TWX-510-227-8898 

~ 

DATA OUT TO CHARACTER GENERAT~/ 

J f--- '-- CLRCNT 

DOUT7-0 WREN 
DOUT7-0 

t--- L-

.____ CLK 
ROW BUFFER OF CKEN ROW BUFFER OF f--

A B p OE OE p-ov 
DIN7-0 

p--ov 

CRT 9006-135 CRT 9006-135 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION~/ iii.iiii.iiii.i t 

CRT9007 
µPC FAMILY 

CRT Video Processor and Controller 
VPAC™ 

FEATURES 
D Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

D Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch-Horizontal (Negative or Positive) 

-Vertical 
Sync Width-Horizontal (1-128 Character Times) 

-Vertical (2-256 Scan Lines) 
Back Porch - Horizontal 

-Vertical 
D Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

D Binary Addressing of Video Memory 
D Row-Table Driven or Sequential Video Addressing Modes 
D Programmable Status Row Position and Address Registers 
D Bidirectional Partial or Full Page Smooth Scroll 
D Attribute Assemble Mode 
D Double Height Data Row Mode 
D Double Width Data Row Mode 
D Programmable DMA Burst Mode 
D Configurable with a Variety of Memory Contention 

Arrangements 
D Light Pen Register 
D Cursor Horizontal and Vertical Position Registers 
D Maskable Processor Interrupt Line 
D Internal Status Register 
D Three-state Video Memory Address Bus 
D Partial or Full Page Blank Capability 
D Two Interlace Modes: Enhanced Video and Alternate 

Scan Line 

PIN CONFIGURATION 

VA21 40GND 
VA10 2 39VA9 
VA33 38VA1 

VA11 4 37VA8 
VA125 36VAO 
VA46 35CBLANK 

VA137 34CURS 
VAS 8 33ACK.ITSC 
VA69 

D 
32 CSVNC/LPSTB 

VA710 31 SLD/SLO 
VLT 11 30SffiiSL1 
VS12 29 WBEN/SL2/CSVNC 
~13 28 DMAR/SL3/VBLANK 

C"CTI< 14 271NT 
mm1s 26RST 
VD716 2scg 
VD617 24VDO 
VD518 23VD1 
VD419 22VD2 
VD320 21 +sv 

D Ability to Delay Cursor and Blanking with respect to 
Active Video 

D Programmable for Horizontal Split Screen Applications 
D Graphics Compatible 
D Ability to Externally Sync each Raster Line, each Field 
D Single +5 Volt Power Supply 
D TTL Compatible on All Inputs and Outputs 
D VT-100 Compatible 
D RS-170 Interlaced Composite Sync Available 

GENERAL DESCRIPTION 

The CRT 9007 VPAC™ is a next generation video processor/ 
controller-an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis
play. Smooth or jump scroll operations may be performed any
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 
In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 
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In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are ·easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC ™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display
able scan line. 
User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 1 O registers contain the "vital screen 
parameters". 



VD7-0 

VA13-0 

PROCESSOR INTERFACE: 

PINNO. NAME 

7, 5, 4, 2, 39, Video Address 
37, 10, 9, 8, 6, 13-0 

3, 1,38, 36 

16, 17, 18, 19, Video Data 7-0 
20, 22, 23, 24 

25 Chip strobe 

26 Reset 

27 Interrupt 

CHAA/HORIZ PERIOD CURSOR, BLANK SKEW 

CHAR/DATA ROW 

HORIZ SYNC WIDTH SCAN LINES/FRAME 

CURS 

CSYNC/ 
LPSTB 

14 BIT ADDRESS BUS 

TIMING 
AND 

CONTROL 

CCLK--,_ ________ ---' 

FIGURE 1: CRT 9007 BLOCK DIAGRAM 

CBLANK 
INT 

SL3DMARNBLANK 

SL2.WBEN!CSYNC 

Sl1/SCG 

SL0iSLD 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 

VA13-VAO These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The function depends on the particular CRT 9007 mode of operation. VA 13-6 are outputs 
only. VA5-0 are bidirectional. 
-Double Row Buffer Configuration: 

VA13-0 are active outputs for the OMA operations and are in their high impedance state at 
all other times. 

-Single Row Buffer Configuration: 
VA 13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 

-Repetitive Memory Addressing Configuration: 
VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 

If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA 13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 

VD7-VDO Bidirectional video data bus:_lli!ring processor Read/write operations data is transferred via 
VD7-VDO when chip strobe (CS) is active. These lines are in their hi~h impedance state 
when CS is inactive. During CRT 9007 OMA operations, data from video memory is input via 
VD7-VDO when a new row table address is being retrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7-VDO are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 

cs Input; this signal when active low, allows the processor to read or write internal CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. Figure 2 shows all processor read/write timing. 

AST Input; this active low sign_filputs the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 for the reset state definition. 

INT Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 
CRT INTERFACE: 

PINNO. NAME SYMBOL FUNCTION 

11 Visible Line Time VLT Output; this signal is active high during all visible scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 

12 Vertical Sync vs Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 
9007 itself initiates a vertical synQi.!he CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS). 

13 Horizontal Sync HS Open drain output; this signal determines the horizontal position of displabed text by initiating 
a horizontal retrace. Its position and pulse width are user programmable. uring hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 

14 Character Clock CCLK Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 

15 Data Row ORB Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
Boundary edge) at the top scan line of each new data row. This signal can be used to swap buffers in 

the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA 13-VAO) for single row buffer operation. There will always 
be one extra ORB signal which will become active during the first scan line of the vertical 
retrace interval. 

34 Cursor CURS Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig-
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double heighUwidth for details. 

35 Composite Blank CB LANK Output. This sifnal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. he signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 

USER SELECTABLE PINS: (see Tables 4 and 5) 

PINNO. NAME SYMBOL FUNCTION 

28, 29, 30, 31 Scan Line 3- SL3-SLO Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
Scan Line 0 to the character generator the current scan line. These signals continue to be updated 

during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 

28 Direct Memory OMAR Output; this signal is the OMA request issued by the CRT 9007. It will only become active if 
Access Request the acknowledge (ACK) input is inactive. It remains active high throughout the entire 

OMA operation. 

28 Vertical Blank VB LANK Output; this signal is active high only during the vertical retrace period. 

29 Write Buffer WBEN Output; this active high signal is used to gate the clock feeding the write buffer in a double 
Enable row buffer configuration. 

29 or32 Composite Sync CSYNC Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and non interlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 

30 Scan Line Gate SLG Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan lilli!._ 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi-
live transition. 

33 Acknowledge ACK Input; this active high signal acknowledges a OMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 OMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 

33 Three State TSC Input; this signal, when active low, places VA13-VA0 in their high impedance state. 
Control 
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OPERATION MODES 

Single Row Buffer Operation 
The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per
centage of total memory cycles available to the processor 
is approximately [(N-1)/N]x100 where N is the total num
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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Double Row Buffer Operation 
Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 

·as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the OMAR (OMA request) signal, awaits an ACK (acknowl
edge) signal and then drives out on VA 13-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 OMA operations. 
The user has the ability to program the number of OMA cycles 
performed during each OMAR-ACK sequence, as well as 

the delay between each OMAR-ACK sequence, via the OMA 
CONTROL REGISTER (RA). If 8 OMA operations are 
performed for each ACK received, 1 O such OMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the OMA operations so as not to hold up the pro
cessor for an excessive length of time. This feature also 
permits other OMA devices to be used and allows the pro
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 OMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ
ing of the buffer can be clocked from a different and con
stant character clock. Figure 1 O illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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Repetitive Memory Addressing Operation 
In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 

and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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Attribute Assemble Operation 
This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a chqracter loca
tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 
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Figure 13: Attribute Assemble Memory Organization 

*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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Smooth Scroll Operation 
Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
row" and the "end data row" for the smooth scroll opera
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 

VLT 

ORB 

VO?·O 

WBEN 

*OMA cycles will always end at a character fetch 

the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under OMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma
ble OMA CONTROL REGISTER (RA). 

000 

FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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ADDRESSING MODES 

Row Table Addressing 
In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format 
In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 
In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double height/width charac
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char
acters qt the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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FIGURE 16: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 

Row table address for second data row 

I Byte 1 I Byte 2 I Byte 3 I Byte 4 I o o o I Byte N l 

characters for first data row 

Row table address for third data row 

~ 

I Byte 1 I Byte 2 I Byte 3 l Byte 4 I o o o I Byte N I 

~ characters for second data row 

~etc. 
FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 

Sequential Addressing 1 

In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 

is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 

For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at wtiich two additional 

'SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It is fully functional in all ot11er operation modes. 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 

Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 

Double Height/Width Operation 
When double height/width characters (2XH/2XW) are dis
played, the following will occur: 

1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For double height, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS signal is activated 3 
q::LK's after VL T trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 

OPERATION 
ADDRESSING MODE 

MODE Row Driven (linked list 
or contiguous) Sequential 

Repetitive Memory 1 CCLK after high byte 1 CCLK after TSC 
Addressing of row table read leading edge 

1 CCLK after high byte 1 CCLK after TSC 
Single row buffer of row table read leading edge 

1 CCLK after high byte 1 CCLK after ACK 
Double row buffer of row table read leading edge 

Table 1: Double Height/Width CURS activation for top scan 
line of new data row. 

TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 = 2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1 = 3 
SEQUENTIAL BREAK REGISTER 2 = 6 

Data Row 
0 
1 
2 
3 
4 
5 
6 
7 
8 

Address range 
1000 to 104 F 
1050 to 109F 
10AO to 10EF 
2000 to 204F (Break 1) 
2050 to 209F 
20AO to 20EF 
0800 to 084F (Break 2) 
0850 to 089F 
08AO to 08EF 

0 
0 
0 

Figure 18: Sequential Addressing Example 
With Two Breaks 

in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

-Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

-Single height, double width (Row table address bits 15, 
14 = 01 ). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

-Double height, double width top half (Row table address 
bits 15, 14 = 1 O). In addition to providing the special tim
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

-Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)-Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1)/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 
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OPERATION 
ADDRESSING MODE 

MODE Row driven (linked list 
or contiguous) Sequential 

Repetitive Memory at the leading edge of at the teading edge of 
Addressing VLT VLT 

at the leading edge of at the leading edge of 
Single row buffer VLT VLT 

1 CCLK after leading 1 CCLK after leading 
Double row buffer edge of CURS edge of CURS 

Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 



PROCESSOR ADDRESSABLE REGISTERS 

All CRT 9007 registers are selected by specifying the 
address on VAS-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive S bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper
ations. The register address assigned to each register rep
resents the actual address in hexadecimal form that must 
appear on VAS-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 
The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This 8 bit write only register, programmed in units of char
acter times, represents the total number of charActers in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 
This S bit write only register, programmed in units of char
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 
This S bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1) where A is the programmed 
contents of REGISTER 0 rounded to the smallest even 
integer. 

VERTICAL TIMING REGISTERS 

The following 5 registers define the vertical timing param
eters. Figure 20 relates the vertical timing to these regis
ters. 

VERTICAL SYNC WIDTH (R4) 
This S bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (RS) and the end is independent of 
the start of the active display time. This register is pro
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (RS) 
This 8 bit write only register, programmed in units of hori
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VL T after 
the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 
This S bit write only register defines the number of data rows 
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displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (RS) 
The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data rosci-3eater than 16, 
only the serial scan line pin option (SLD, ) can be used. 

SCAN LINES PER VERTICAL PERIOD (RS; R9) 
Registers R9 and the 3 most significant bits of RS define 
the number of scan lines for the entire frame. RS contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the S least significant bits of the 11 bit pro
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 

ONE SCAN LINE ...... ... 

R1 ... I ... (Ro-R1)~ 
RO ....... 

I 
... 

~R2~ 

VLT I ACTIVE DISPLAY TIME I I 
HOR. SYNC I l~R3=-;:i_ 

FICURE 19: CRT9007 HORIZONTAL TIMING 
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ONE COMPLETE FRAME ....... -- -
.. R7 x RB ~1 -

...._ 
R9 -""' ....- -r 

I ~R5+-
VERT. BLANKING 

(NO SKEW) I DATA ROW DISPLAY TIME 

' 
I I 

VERT. SYNC I FR4~L 
FIGURE 20: CRT 9007 VERTICAL TIMING 

PIN CONFIGURATION/SKEW BITS REGISTER (R6) 
This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3, 2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 

REGISTER RS BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 1 DMAR WBEN SLG SLD CSYNC ACK 
1 1 DMAR WBEN SLG SLD LPSTB ACK 

0 0 NOT PERMITTED 
1 0 NOT PERMITTED 

Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 

OMA CONTROL REGISTER (RA) 
This 8 bit write only register allows the user to set up a OMA 
burst count and delay as well as disable the OMA mecha
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (OMA Disable) 

A logic one will immediately force the CRT 9007 OMA request 
to the inactive level and the CRT9007 address bus (VA13-
VAO) will enter its high impedance state. After enabling the 
OMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (OMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive OMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N + 1) clock cycles before initiating another OMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one OMA burst regardless of the value programmed for the 
OMA burst count. 

Bits 3, 2, 1, O (OMA Burst Count) 
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VL T signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from Oto 5 character clocks (Bits 5, 4 and 3 pro
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1, O (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLTsignal. The edges of VLTwill line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2, 1 and O 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit 0 is the least significant bit). 

REGISTERS BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 0 SL3 SL2 SL 1 SLO CSYNC TSC 
1 0 SL3 SL2 SL 1 SLO LPSTB TSC 
1 1 VB LANK CSYNC SLG SLD LPSTB TSC 

0 1 NOT PERMITTED 

Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 

These 4 bits define the number of OMA operations in one 
OMAR-ACK sequence. Bit 3 is the most and bit O is the least 
significant bit respectively. When programmed with a num
ber N, the CRT 9007 will produce 4 (N + 1) OMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum OMA Burst will occur (4 x 1 = 4) and when pro
grammed with 1111 the maximum OMA Burst will occur 
(4x16=64). When bits 6, 5, and 4 are programmed with 
111, no OMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
OMA burst of 16 and a OMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no OMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 
This 7 bit write only register controls certain frame opera
tions as well as specifying the operation mode used. Inter
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 



The bits take on the following definition: 

Bit 6 (PB/SS) 
= O; The smooth scroll mechanism is enabled per

mitting the SMOOTH SCROLL OFFSET REGIS
TER (R17) to be loaded in the scan line counter (SL3-
0 or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS
TER (R12) respectively. 

1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5, 4 (lnterlace)-these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01; This combination is not permitted. 

Bits 3, 2, 1 (Operation modes): These 3 bits define the var
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing)-ln this mode 
the address information (VA13-VAO) appears dur
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be disting!,!ished 
from other retrace intervals because the ORB (data 
row boundary) signal is active. 

= 001; (Double row buffer)-ln this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end ol vertical retrace), the first data row 
feeds the character generator while the second data 

row is retrieved from video memory. The address 
bus will enter its high impedance state in accord
ance with the DMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer)-ln this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble)-ln the attribute assem
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS
TER bits 3, 2, 1 are not permitted. 

Bit O (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1; (Single height cursor)-The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= O; (Double height cursor)-lf the VERTICAL CUR
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 

CHARACTER CHARACTER CHARACTER 
SCAN LINE SCAN LINE SCAN LINE 
0 0 o-----

-+-1------ : =tar:: :.=1;~~~~~ : 
- ------- 3 - -------- 7 

---+'lM+-++-++-- 4 0-----
- -- 4 ----------- 1 

~I----- 5 2-----
--o--------- 5 ----------- 3 

~ ¥--=-=-====~ ~ : =====-=-==== ~ 
Even Odd Even Odd 
Field Field Field Field 

(a) NON-INTERLACE ibl ENHANCED (c) NORMAL VIDEO 
VIDEO INTERLACE INTERLACE 

FIGURE 21 : CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RC AND RD) 
This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)-The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14). 

= 01; (Sequential roll addressing mode)-The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting upto3 sep
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode)-The CRT 9007 
will address video memory according to the contig
uous row table format. The 14 address bits con
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin
ning of the contiguous row table. 

= 11; (Linked list row table mode)-The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 

SEQUENTIAL BREAK REGISTER 1 (R10) 
This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display
able data rows on the screen. 

DATA ROW START REGISTER (R11) 
This 8 bit write only register defines the first data row num
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 
This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi
cant bits of the TABLE START REGISTER) this register 
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AUXILIARY ADDRESS REGISTER 1 (RE and RF) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur
rent data row equals the value programmed in SEQUEN
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen
tial break. 

The 2 most significant bits of REGISTER Fallow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG
ISTER F Bits 7, 6 

= 00; single height single width 

= 01 ; single height double width 

= 1 O; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11 ; odd data rows are double height double width 
top half even data rows are double height dou
ble width bottom half 

For Single row buffer or repetitive memory addressing mode I 
REGISTER F Bits 7, 6 -

1 = 00; single height single width 

= 01 ; single height double width 

= 1 O; odd data rows are double height double width 
top half even data rows are double height dou
ble width bottom half 

= 11 ; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 

defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address
ing sequence begins at the address contained in AUXIL
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 



double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R15) 
After all vital screen parameters are loaded, a START com
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON
TROL REGISTER bit 7). 

RESET COMMAND (R16) 
The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden
tical manner. The reset state of the CRT 9007 is defined as 
follows: -

CRT 9007 outputs 

VA13-0 
VD7-0 
HS 
vs 
CB LANK 
CURS 
VLT 
ORB 
INT 
Pin28 
Pin 29 
Pin30 
Pin 31 
Pin32 

Reset state 

High impedance 
High impedance 
High 
High 
High 
Low 
Low 
High 
Low 
Low 
Low 
Low 
Low 
Low 

SMOOTH SCROLL OFFSET REGISTER (R17) 
This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
in the DATA ROW START REGISTER (R11). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line Oto scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro
grammed range of the register is from zero to twice the pro
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit O must always 
be programmed with a logic zero. By setting the offset over
flow (bit 7) to a logic 1, it is possible to have the bottom half 

350 

of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 
This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 
This 8 bit read/write register specifies the character posi
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 
This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt)-This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt)-This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur
ance of a light pen update and servicing can be done off of 

. other interrupts. 

Bit O (Frame timer)-This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and· other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 
This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending)-This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 



the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic o at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)-A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char
acteristics. 

Bit 2 (odd/even)-For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 

FIELD I HS 
ONE CSYNC 

INTERLACED 

vs~~~~~~~~~~~~--

Bit O (Frame timer occurred)-This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R38) 
This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 
This 8 bit read only register contains the horizontal coordi
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg
ister will reset the light pen status bit in the STATUS REG
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 

J- 3 SCAN LINES BEFORE VS~ PROG. VSYNC WIDTH~ 3 SCAN LINES AFTER VS -.j 

FIELD l HS 
TWO --

INTERLACED CSYNC 

vs~~~~~~~~~~~~--' 

INT~R~~CED I CSY:: 

vs~~~~~~~~~~~~----' 

FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....................................................................... 0° to + 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ................................. : . . . . . . . . . . . . . . . . . . . . . . . . . + 8V 
Negative Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA= 0°C to + 70°C, v cc= 5.0V :±: 5% 

PARAMETER MIN TYP MAX UNITS COMMENTS 
Input voltage 

VIL Low 0.8 v 
V1H1 High 2.0 v ~uts except CCCR 
V1H2 High 4.3 v input; see note 4 

Output voltage 
Vo, Low 0.4 v loL = 1.6mA 
VoH High 2.4 v loH = 100µA 

Input leakage current 
µA Q,,.:;V,N,,.:;3_5v; excluding CCCR ll1 10 

l,2 50 µA v,N = 5V; for CCCR 
l,3 -200 µA v,N = OV; for CCCR 

Input capacitance 
15 all inputs except CCCR at 1 MHZ 

C1N1 10 pF 
C1N2 25 50 pF CCIK input at 1 MHZ 

Power supply current 
Ice 100 170 mA 

AC ELECTRICAL CHARACTERISTICS3 TA= 0°C to + 70°C, Vee= 5.0V :±: 5% 

PARAMETER MIN TYP 

Clock 
lcv clock period 330 

300 
le KL clock low 90 
!CKH clock high 150 
le KR clock rise time 

lcKF clock fall time 

Output delay' 
101 
102 
103 
lo• 
Iv A 25 

losL 
105 
106 
losv 
lvos 50 

lvoH 10 
lvoo 
ls LG 
lsLD 
!07 
!07 

las 
Processor Read/write2 

!As 110 
!AH 0 
lpw 165 
lcsH 650 
!pas 100 
lpoH 0 
!PDA 
lpoo 10 
l1RR 

Miscellaneous timing 
!ATS 25 

!Aw 41cv 

!AKW 50 
!AKS 50 

NOTE: __ 
1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V 

(high) or 0.4V (low) voltage level of the ouput unless otherwise noted. 
2. Reference points are 2.4V high and 0.4V low. 
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MAX UNITS COMMENTS 

1200 ns for double row buffer or 
attribute assemble 

1200 ns for all other operation modes 
ns 
ns 

15 ns measured from 
0.8V to 3.5V level 

10 ns measured from 90% to 10% 
points 

150 ns 
150 ns 
150 ns 
150 ns 
115 ns measured to the 2.3V or 0.5V 

level on VA13-VAO 
500 ns 
185 ns 
185 ns 
185 ns 

ns valid for loading auxiliary 
address register 2 or the 
attribute latch 

ns 
185 ns c, = 50pF 
185 ns 
185 ns 
240 ns cursor skew of zero 
185 ns cursor skew of one 

through five 
300 ns 

ns 
ns 
ns 
ns 
ns 
ns 

140 ns 
85 ns 

400 ns 

115 ns measured from the 0.4V level 
of ACK or TSC falling edge 

ns measured from the 0.4V level 
falling edge to 0.4V level 
rising edge 

ns see figure 24 
ns see figure 24 

3. Loading on all outputs is 30 pF except where noted. __ 
4. This level must be reached before the next falling edge of CCLK. 



VLT, WBEN 

DRS 

VA13-0 

SL3-0 

CSYNC, OMAR, 
CBLANK 

HS, VS 

SLD 

CURS 

----lo,---.. 1+----to,---..i 
_____ ___,.,.._ ______ J 

103 .._----to.-----

Iv A 

tosL 

los l+-----lo,------+t 

tosv 

-----tSLG 

----tsLD 
+5V 

390!1 

-------10,--------
1,.----- ~---t1,__---lil~ To CCLK 

INT Input 
74S04 or equivalent 

FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS FIGURE 25: RECOMMENDED CCLK 
DRIVER CIRCUIT 

VAS-0 

INT (falling edge only) 

FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 
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ACK, TSC 

VA13-0 I'------:""'""!~ 
AST 1...---.,w---==:( 

* t.,, is controlled directly from ACK or TSC or from the particular CCLK that ends a OMA 
burst cycle. 

FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 
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REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 

Register Type VA5 VA4 VA3 VA2 VA1 VAO 07 06 05 04 
(HEX) 

03 02 01 DO 

WRITE 0 0 0 0 0 0 MSB CHARACTERS PER HORIZ NTAL PERIOD LSB RO 

WRITE 0 0 0 0 0 1 MSB CHARACTERS PER DATA ROW LSB Rl 

WRITE 0 0 0 0 1 0 MSB 
HORIZONTAL DELAY 

LSB R2 

WRITE 0 0 0 0 1 1 MSB 
HORIZON AL SYNC WIDTH 

LSB R3 

WRITE 0 0 0 , 0 0 MSB 
VERTICA SYNC WIDTH 

LSB R4 

WRITE 0 0 0 1 0 1 MSB 
VERTICAL DELAY 

LSB R5 

0 0 0 1 1 0 WRITE 
PINCONFIG- CURSOR SKEW BLANK SKEW R6 URATION MSB LSB MSB LSB 

WRITE 0 0 0 1 1 1 MSB 
VISIBLE DATA ROWS PER FRAME 

LSB R7 

SCAN INESIF AME SCAN L NESPE DATA w 
WRITE 0 0 1 0 0 0 (B10)) (B8) MSB LSB RB 

WRITE 0 0 1 0 0 1 (B7) SCAN LINES PER FRAME 
LSB(BO) R9 

Table 3a: CRT 9007 Screen Format Registers 

ADDRESS DECODE BIT DEFINITION 
REGISTER 
NUMBER 

(HEX) 
Register Type VAS VA4 VA3 VA2 VA 1 VAO 07 06 05 04 03 02 01 DO 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 
1 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 0 

0 1 0 

OMA I I I I I 

DIS- OMA BURST DELAY OMA BURST COUNT 

0 1 1 

1 0 0 

ABLE MSBA LSB MSB-+ 
1 

..J. LSB 

-, INTERLACE l 
X PBISSj MODES OPERATION MODES ~/l XC 

MSB TABLE START REGIS-iIR (LS BYTE) LSB 

1 0 1 

1 1 0 

ADDRESS l TABLE STRT
1 

REGISTER (MS BYTE) 
MODE MSB ...1 ..J. LSB 

MSB 
1 

AUXILIARY ADDRESS REGl;rTER 1 (~ BYTE)
1 

LSB 

1 1 1 ATT~'aTESl MS~UXILIARY-:DDRES
1

S REGIS~ER 1 (~S BY~~~ 
0 0 0 MSB . 

1 
SEQUENTIAL BREAK ~EGISTER 1 

1 
LSB 

-t ...1 -1 ' 
0 0 1 MSB DATA ROW START ~GISTER LSB 

0 1 0 MSB DATA ROW END/SEQUENTIAL BREAK REGISTER 2 LSB 

0 1 1 MSB AUXILIARY ADDRESS REG~TER 2 (LS BYTE) 
1 

LSB 

1 0 0 

Table 3b: Control and Memory Address Registers 

RA 

RB 

RC 

RD 

RE 

RF 

R10 

R11 

R12 

R13 

R14 

ADDRESS DECODE BIT DEFINITION 
REGISTER 
NUMBER 

(HEX) 
Register Type 

READ OR 
WRITE 

VA5 VA4 VA3 VA2 VA1 VAO 07 06 05 04 03 02 01 DO 

READ OR 
WRITE 

WRITE 

WRITE 

READ 

WRITE 

READ 

WRITE 

READ 

READ 

READ 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

STANDARD MICROSYSTEMS 
CORPORATION1 iiiiiiiii 

3SMafcusBlv<l.Hauppauge NV 11788 
15161273·3100 TWX510·227·8898 

1 0 

1 1 

1 1 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

1 0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

OFFSET 
OVER
FLOW 

MSB 

MSB 

INT 
PEND-

ING 

MSB 

MSB 

START COMMAND 

RESET COMMAND 

OFFSET VALUE 

MSB LSB 

VERTICAL CURSOR REGISTER (ROW COORD.) 
LSB 

HORIZONTAL CURSOR REGISTER (COL. COORD.) 
LSB 

VER- INTERRUPT ENABLE REGISTER 
TICAL FRAME 

RE- LIGHT TIMER 
TRACE PEN 

VER- STATUS REGISTER TICAL 
RE- LIGHT ODDI FRAME 

TRACE PEN EVEN TIMER 

VERTICAL LIGHT PEN REGISTER (ROW COORD.) LSB 

HORIZONTAL LIGHT PEN REGISTER (COL. COOR .) LSB 

Table 3c: Cursor, Light Pen, Offset, and Status Registers 

R15 

R16 

R17 

R18 or R38 

R19 or R39 

R1A 

R3A 

R3B 

R3C 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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CRT9021A 
CRT9021B 

µPC FAMILY 

CRT Video Attributes Controller 
VAC 

FEATURES 
D On chip video shift register 

Maximum shift register frequency 
CRT 9021A 30 MHz 
CRT 9021 B 28.5 MHz 

D On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 

D Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 

D On Chip logic for double height/double 
width characters 

D Accepts scan line information in parallel 
or serial format 

D Four cursor modes dynamically selectable via 2 
input pins 

Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

D Programmable character blink rate 

PIN CONFIGURATION 

00 1 28 01 

MS0 2 27 02 

MS1 3 26 03 

REVID 4 25 04 

CHABL 5 24 05 

BLINK 6 23 06 

INTIN 7 22 07 

+5V 8 21 VSYNC 

ATTEN 9 20 GND 

INTOUT 10 19 SL0/SLD 

CURSOR 11 18 SL 1/SLG 

RETBL12 17 SL2/BLC 

LD/SH 13 16 SL3/BKC 

VIDEO 14 15 VDC 

PACKAGE 28-pin D.l.P. 

D Programmable cursor blink rate 

D On chip data and attribute latches 

· D + 5 volt operation 

D TTL compatible 

D MOS n-Channel silicon gate COPLAMOS® procesT~ 

0 Compatible with CRT 5037 VTAC®; CRT 9007 VPAC 

GENERAL DESCRIPTION 

The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con
nected directly to a CRT monitor's video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char
acters per data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con
junction with theCRT9007VPAC;Mthe CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under-
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line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 

I 



D7-DO 

CURSOR 

RETBL 

ill/SH 

A TT EN 
MSO 
MSI 

REVID 
CHA BL 
BLINK 
INTIN 

Dl7-DIO 

ATTRIBUTE 
AND 

GRAPHIC 
LOGIC 

8 BIT SHIFT REGISTER 

FIGURE 1: CRT 9021 BLOCK DIAGRAM 

L 
A 
T 
c 
H 

SCAN 
LINE 

MODE 
DETECT 

BLINK 
RATE 
LOGIC 

RO/SLD 

R1/SLG 

R2/BLC 

R3/0KC 

1----------• VIDEO 

DESCRIPTION OF PIN FUNCTIONS 

PINNO. NAME SYMBOL FUNCTION 

1, 28, 27, 26, Data D7-DO In the character mode, the data on these inputs is passed through the Attributes 
25, 24, 23, logic into the 8 bit high speed video shift register. The binary information on D7 

22 will be the first bit output after the LD/SH input goes low. 
In the thin or wide graphics mode these 8 inputs will individually control the on/off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-DO 

2 Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
3 Mode Select 1 MS1 MS1, MSO = 00; Wide graphics mode 

= 10; Thin graphics mode 
= 01; Character mode without underline 
= 11 ; Character mode with underline 

See section entitled Display Modes for details. 

4 Reverse Video REVID When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register. 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 

5 Character blank CHABL When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 

6 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, the char-
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the "off" portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 

7 Intensity In INTIN The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, it is possible to raise or lower the voltage level of the 
video output to produce such attributes as "half intensity" or "intensity". 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 

PINNO. NAME SYMBOL FUNCTION 

8 Supply Voltage +5V + 5 volt power supply 

9 Attribute ATTEN When this inJ;Wt is high, the internal attribute latch is updated at the positive going 
Enable edge of the LO/SH input with data appearing on the REVID, CHABL, MS1, MSO, 

BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing "field" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for "invisible" attributes) .. 

10 Intensity Out INTO UT This output is used in conjunction with the INTIN input to provide a three charac-
!er pipeline delay to allow for general purpose attributes (such as intensity) to be 
implemented. See INTIN (pin 7). 

11 Cursor CURSOR When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 

12 Retrace Blank RETBL When this input is high, the parallel inputs to the video shift register are uncondi-
tionally cleared to all zeros and loaded on the next LO/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 

13 Load/Shift LO/SH The 8 bit video shift register parallel-in load or serial-out shift operation is estab-
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
attributes are moved to the next position in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LO/SH. 

14 Video VIDEO The Video output provides the serial dot stream to the CRT. Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LO/SH input will 
determine the number of backfill dots. See figure 5. 

15 Video Dot voe This input clock controls the rate at which video is shifted out on the 
Clock VIDEO output. 

16 Scan line SL3/BKC This input has two separate functions depending on the way scan line informa-
3/Block Cursor !ion is presented to the CRT 9021. 

Parallel scan line mode-This input is the most significant bit of the binary scan I 
line row address. 
Serial scan line mode-This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 

17 Scan line SL2/BLC This input has two separate functions depending on the way scan line informa-
2/Blink Cursor !ion is presented to the CRT 9021. 

Parallel scan line mode-This input is the second most significant bit of the 
binary scan line row address. 
Serial scan line mode-This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be 
non-blinking. 

18 Scan Line SL1/SLG This input has two separate functions depending on the way scan line informa-
1/Scan Line !ion is presented to the CRT 9021. 
Gate Parallel scan line mode-This input is the next to the least significant bit of the 

binary scan line row address. _ 
Serial scan line mode-This input will be low for 5 or 6 LO/SH pulses to allow the 
scan line information to be ser@!jy shifted into the serial scan line shift register. If 
this signal is low for 7 or more LO/SH pulses, the CRT 9021 will assume the par-
allel input scan line row address mode. 

19 Scan line SLO/SLD This input has two separate functions depending on the way scan line informa-
O/Scan Line !ion is presented to the CRT 9021. Refer to figure 6. 
data Parallel scan line mode-This input is the least significant bit of the binary scan 

line row address. 
Serial scan line mode-This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the Q!Qper scan line 
informatio~nter the serial scan line shift register during the LO/SH pulses 
framed by SLG (pin 18). 

20 Ground GND Ground 

21 Vertical Sync VSYNC This input is typically connected to the vertical sync output of the CRT controller 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac-
!er blank rate (75/25 g~le). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". 
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Retrace Blank 

ATTRIBUTES FUNCTION 

-The RETBL input causes the VIDEO grammed to blink (not controlled by 
the BLINK input), the video alter
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 

to go to the zero (black) level regard-
less of the state of all other inputs. 

Reverse Video - The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank -The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

same character position. 
Intensity 
(Half Intensity) 

Underline -MS1, MS0 = 1, 1 forces the video to 
go to the inverse of the background 

-The INTIN input and the INTOUT 
output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline of the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTOUTto cre
ate the desired video level. See fig
ure 8. 

Blink 

level for the scan line(s) pro-
gram med for underline. 

- The BLINK input will cause charac-
ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro-

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR
SOR and RETBL inputs. 

TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS 
CURSOR CRT 9021 INPUTS VIDEO SHIFT REGISTER 
FORMAT RETBL CURSOR REVID CHABL UNDLN LOADED WITH: 

1 x x x x all zero's 
0 0 0 0 0 data 
0 0 0 0 1 One's for selected scan line(s); Data for all 

other scan lines. 

x 0 0 0 1 x All zero's 

0 0 1 0 0 data 
0 0 1 0 1 Zero's for selected scan line(s); data for all 

other scan lines. 

0 0 1 1 x One's for all scan lines. 

0 1 0 0 x• One·s for selected scan line(s) for cursor; 
data for all other scan lines. 

0 1 0 1 x• One's for selected scan line(s) for cursor; 

UNDERLINE' 
zero's for all other scan lines. 

0 1 1 0 X• Zero's for selected scan line(s) for cursor; 
Data for all other scan lines. 

0 1 1 1 X• Zero's for selected scan line(s) for cursor; 
one's for all other scan lines. --

0 1 0 0 x• One's for selected scan line(s) blinking; 
Data for all other scan lines. 

0 1 0 1 x• One's for selected scan line(s) blinking; 
BLINKING 3 zero's for all other scan lines. 

UNDERLINE' 0 1 1 0 x• ZfilQ,'s for selected scan line(s) blinking; 
Data for all other scan lines. 

0 1 1 1 X• Zero's for selected scan line(s) blinking; 
one's for all other scan lines. 

0 1 0 0 0 Data for all scan lines. 

0 1 0 0 1 Zero's for selected scan line(s) for 
underline; data for all other scan lines. 

REVIDBLOCK 
0 1 0 1 x One's for all scan lines. 

0 1 1 0 0 Data for all scan lines 

0 1 1 0 1 One's for selected scan line(s) for 
underline; data for all other scan lines. 

0 1 1 1 x Zero's for all scan lines. 

0 1 0 0 0 On Off 
Data for all scan lines. Data for all scan lines. 

0 1 0 0 1 Zero's for selected One's for selected 
scan line(sl.J.Qr_ scan line(s) for 
underline; Data for underline; Data for 

BLINKING3 all other scan lines. all other scan lines. 

REVIDBLOCK 0 1 0 1 x One's for all scan lines. Zero's for all scan lines. 

0 1 1 0 0 Data for all scan lines. Data for all scan lines. 

0 1 1 0 1 One's for selected Zero's for selected 
scan line(s); Data scan line(s); Data 
for all other scan lines. for all other scan lines. 

0 1 _ _L__. 1 1 x Zero's for all scan lines'- One's for all scan lines. 
1 -1f the programmed scan_ lrne(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are displayed. 
2 ·at programmed scan line(s) for underline 
3 ·at cursor blink rate 
Note-cursor blink rate overrides character blink rate. 
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DISPLAY MODES 

Inputs MS1 and MS0 select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures Ba and Sb illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 

the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi
ble in this display mode. 

MS1, MSO = 00 -Wide Graphics Mode. 
In this display mode, inputs 07-00 
define a graphics entity as illustrated 

MS1, MSO = 01 -Character Mode Without Underline. 

in figure 2. Note that individual bits in 
07-00 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 

MS 1, MSO = 1 O - Thin Graphics Mode. 

In this display mode, inputs 07-00 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures Ba and 
Sb. 

In this display mode, inputs 07-00 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
07-00 will illuminate particular hori-
zontal or vertical line segments within 

MS1,MSO = 11 -Character Mode With Underline. 
Same operation as MS1, MS0 = 01 
with the underline attribute appear
ing on the scan line(s) mask pro
grammed. 

SL3-SLO ROW# C7 C6 C5 C4 C3 C2 C1 CO BF BF o o o 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 RB 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

D7 D3 

D6 D2 

D5 D1 

D4 DO 

iT 
I H3 
j I 
I I 
I H2 

I I 
--1 I 

I H1 

11 

1 I 
I HO 

i I 
1--w1--1---wo I H3, H2, H1, HO, W1, WO are mask programmable 

FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 
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RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
R9 
R10 
R11 
R12 
R13 
R14 
R15 

D4 

D7 DO 

D2 D3 

D1 

D5 

'-- '--

-

D6 

-1 
__ J 

I 
I 
I 
I 
I --1 

--__ J 
I 
I 
I 
I 
I 
I 

-I 
J 

I 

I 
I 
I 

.....__ __ J 

DO RO-R5 PROGRAMMABLE -D1 R6-R15 PROGRAMMABLE 
D6 RO-R15* PROGRAMMABLE 
D7 RO-R15* PROGRAMMABLE 

HORIZONTAL LENGTH VERTICAL POSITION 

D2 C7-C3 PROGRAMMABLE 
D3 C3-BF PROGRAMMABLE 
D4 C7-BF* PROGRAMMABLE 
D5 C7-BF* PROGRAMMABLE 

I D7J D6jD5J D4jD3J D2jD1 jDoJ DATA INPUT ON D7-DO 

• These values are fixed 

FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 
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BACKFILL 
Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions b~ond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 

Method B - The backfill (BF) dots will be the same 
as the dot displayed in position CO. 

Method A - The backfill (BF) dots will be the same 
as the dot displayed in position C7. 

For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 

Underline 

Blinking Underline 

- The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

- The cursor will appear as an 
underline. The underline will alter
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

Blinking Reverse 
Video Block 

Scan Line 
Input Mode 

Serial 

Parallel 

cell will be displayed in reverse 
video). 

- The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro
grammed cursor blink rate. 

Pin 17 Pin 16 Cursor Function ·-
1 0 Underline 
1 1 Reverse Video Block 
0 0 Blinking Underline 
0 1 Blinking Reverse 

Video Block 
x x Mask programmable 

Only Reverse Video 
Block 

- The cursor will appear as a reverse 
video block (The entire character TABLE 5: CURSOR FORMATS 

DOUBLE WIDTH MODE 

In order to display double width characters, video must be troller knows when a particular scan line should be double 
shifted out at half frequency and the video shift register must width and it should activate the CURSOR in the manner just 
receive new information (parallel load) every other LD/SH described. Double height/double width characters can also 
input pulse. In order to divide the video dot clock (VDC) and be displayed if the scan line count is incremented by the 
the LD/SH pulse internally at the proper time, the cursor input CRT controller every other scan line. With respect to the 
should be pulsed during RETBL prior to the scan line to be CRT 9021, no distinction between double width and double 
displayed as double width. The CURSOR input must remain height display is necessary. Figure 4 illustrated timing for 
low for a minimum of 1 LD/SH period from the leading edge both single and double width modes. The CRT 9007, which 
of RETBL. The CURSOR input can stay high for the entire supports double height double width characters, will pro
RETBL time but should not extend into active video. If it does, duce the CURSOR signal as required by the CRT 9021 with 
a cursor will be displayed. It is assumed that the CRT con- no additional hardware. 

SCAN LINE INPUT MODES 
Scan line information can be introduced into the CRT 9021 mode will be selected for the next field if the following two 
in parallel format or serial format. Table 6 illustrates the pin conditions occur during VSYNC low time. First, at least one 
definition as a function of the scan line input mode. The CRT positive transition must occur o_Q__Qin 18 and second, pin 18 
9021 will automatically recognize the proper scan line mode must be low for seven or more LD/SH periods. Refer to fig
by observing the activity on pin 18. In parallel mode, this ure 7 for timing details. 
input will be stable for a.t least 1 scan line and in serial mode 
this inpul will remain low for about s·or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 

Scan Line 
Input Mode 

Serial 
Parallel 

19 
SLD 
SLO 

CRT 9021 Pin Number 
18 17 16 

SLG BLC BKC 
SL1 SL2 SL3 

be locked in for the next field. The parallel scan line input TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 

PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options. trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition, Tables 2, 3 and 4 show the mask pro
wide and thin graphics modes respectively. Table 4 illus- grammed options for the standard CRT 9021. 
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(
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I 
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( NORMAL) 
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( DOUBLE) 
WIDTH 

x x x 

INTN 

I 
r---\ 

ATTO --
--x x ATTO ATT2 I ATT3 

I 
I 

ATTO Y.. XX 
I I I 

ATTRIBUTE OUT1 
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1-Attributes include MSO, MSI, BLINK, CHABL, INTENSITY, REVID 

FIGURE 4: CRT 9021 FUNCTIONAL 1/0 TIMING 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range ........................................................................ 0°c to + 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15V 
Negative Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee= + 5V ± 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
INPUT VOLT AGE LEVELS 

Low Level v,L 0.8 v 
High Level V,H, 2.0 v All inputs except VDC, LD/SH 
High Level v,H2 4.3 v For VDC, LD/SH input 

OUTPUT VOLTAGE LEVELS 
Low Level V 0L 0.4 v Im =0.4 mA 
High Level VoH 2.4 v loH= 100µA 

INPUT LEAKAGE CURRENT 
Leakage Ill 10 µA O~V,N<Vcc: excludinQ..YDC. LD/SH 
Leakage IL2 50 µA O~V,N~Vcc: for VDC LD/SH 

INPUT CAPACITANCE 
CINI 10 pf Excluding VDC, LD/SH 
CIN2 20 pf For LO/SH 
C,N3 25 pf ForVDC 

POWER SUPPLY CURRENT 
Ice 50 mA 

AC CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT COMMENTS 
VDC1 

1 /tcv1 voe frequency 1.0 30.0 MHZ CRT 9021A; see note 1 
1.0 28.5 MHZ CRT9021B 

1cKL VDC low 10 
tCKH VDC high 10 ns 
tcKR VDC rise time 10 10 ns Measured from 10% to 90% points 
tcKF voe fall time 10 ns Measured from 90% to 10% points 

LO/SH 
tcv2 290 ns CRT 9021 A; see note 1 

315 ns CRT9021B 
ts1 7 ns 
tH1 0 ns 

INPLJT SETUP AND HOLD 
ts2 35 ns 
tH2 0 ns 

MISCELLANEOUS TIMING 
!PD 35 ns CL= 15 pf 
tDW lcv2 

1-These parameters are Preliminary. 
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ill/SH 
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(EXCEPT VDC, ill/SH) 
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FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 

NOT USED BY CRT 9021 

FIGURE 6: SERIAL SCAN LINE MODE TIMING 
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SCAN LINE MODE 

FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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TABLE2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION CHOICES STANDARD CRT 9021 

Height of graphic block* 
D7 and D3 any scan line(s) RO, R1, R2 
D6 and D2 any scan line(s) R3,R4,R5 
D5 and D1 any scan line(s) R6, R7, RS 
D4 and DO any scan line(s) R9,R10,R11,R12,R13,R14,R15 

Width of D7, D6, D5, D4** any number of dots Oto 8 C7, C6, C5, C4 
Width of D3, D2, D1, DO** any number of dots 0 to 8 C3, C2, C1, CO, BF 

*Any graphic block pair can be removed by programming for zero scan lines. 
** Total number of dots for both must be equal to the total dots per character with no overlap. 

TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION CHOICES 

Backfill C1 or CO 

Horizontal position for 

D2 and D3 any scan line(s) RO-R15 
D4 any scan line(s) RO-R15 
D5 any scan line(s) RO-R15 

Horizontal length for 

D2 2 any continuous dots C7-CO, BF 
D32 all dots not covered by D2 

Blanked dots for serrated horizontal lines 

D2 any dot(s) C7-CO, BF 
D3 any dot(s) C7-CO, BF 
D4 and D5 any dot(s) C7-CO, BF 

Vertical position for 

DO and D1 any dot(s) C7-CO, BF 
D61 any dot(s) C6-CO, BF 
D71 any dot(s) C7-CO 

Vertical length for 

DO any scan line(s) 
D1 all scan lines not used by DO 
D6 no choice; always RO-R15 
D7 no choice; always RO-R15 

1-D7 must always come before D6 with no overlap; otherwise D6 is lost. 
2-D2 and D3 must always overlap by one and only one dot. 

TABLE4 

STANDARD CRT 9021 

co 

R5 
RO 
R11 

C7-C3 
C3-BF 

none 
none 
none 

C3 
BF 
C7 

RO to R5 
R6 to R15 
RO to R15 
RO to R15 

MISCELLANEOUS MASK PROGRAMMING OPTIONS 

OPTION 

Backfill in character mode 

Character blink rate 
(division of VSYNC frequency) 

Cursor blink rate2 

character underline position 

cursor underline3 

cursor format• 

1 - Assumes VSYNC input frequency of 60 Hz. 
2 - Valid only if the cursor is formatted to blink. 
3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 

CHOICES STANDARD CRT 9021 

C7orCO C7 

8 to 60; divisible by 4 32 
(7.5 Hz to 1 Hz)' (1.875 Hz)' 

Twice the character 16 
blink rate (3.75 Hz)' 

any scan line(s) RO-R15 R11 

any scan line(s) RO-R15 not applicable 

underline 
Blinking underline 

Blinking reverse video block 
Reverse video block 

Blinking reverse video block 
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STANDARD MICROSYSTEMS 
CORPORATION 

CRT9028 
CRT9128 

PRELIMINARY 

VTLC 
Video Terminal Logic Controller 

FEATURES 
D Built-in High Frequency (4-14 MHz) Oscillator 
D Built-in Video Shift Register 
D Built-in Character Generator 
D Bi-Directional Smooth Scroll Capability 
D Visual Attributes Include Reverse Video, Intensity 

Control, Underline and Character Blank 
D Separate HSYNC, VSYNC and VIDEO Outputs 
D Composite Sync (RS170 Compatible) Output 
D Absolute (RAM address) Cursor Addressing 
D MASK Programmable Video Parameters: 

Dots Per Character (6-8) 
Raster Scans Per Data Row (8-12) 
Characters Per Data Row (32,64,80) 
Data Rows Per Page (8, 10, 12, 16, 20, 24 or 25) 
Horizontal Blanking (8-32 Characters) 
Horizontal Sync Front Porch (0-7 Characters) 
Horizontal Sync Duration (1-64 Characters) 
Horizontal Sync Polarity 
Two Values of Vertical Blanking (8-127 Scan Lines) 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration ( 1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 5x8 Dot Font 
Character/Cursor Underline Position 
Scan Row and Column for Thin Graphics Entity 
Segments 
Scan Rows and Columns for Wide Graphics Entity 
Elements 

D Software Enabled Non-Scrolling 25th Data Row Avail
able with 25 Data Row/Page Display 

D Non-Interlace Display Format 
D Fill (Erase) Screen Capability 

PIN CONFIGURATION 

DAB 1 40 DA7 
DA9 2 39 DA6 

DA10 3 38 DAS 
GND 4 37 DA4 

XTAL2 s 36 DA3 
XTAL1 6 3S DA2 

VIDEO 7 34 DA1 
INTOUT 8 33 DAO 

DWR '032 D87 
ODO 10 31 D86 
001 11 30 D8S 
002 12 29 D84 

003 13 28 D83 
004 14 27 D82 
DDS 1S 26 D81 

006 16 2S D80 
007 17 24 AID 

HSYNC 18 
VSYNC 19 

CSYN 20 21 vcc 

CRT9028 CRT 9128 

Pin23 RD Pin23 Os 
Pin22 WR Pin22 R/W 

D Separate Display Memory Bus Eliminates Contention 
Problems 

D Standard 8-bit Data Bus Microprocessor Interface 
D Wide Graphics with Six Independently Addressable 

Segments Per Character Space 
D Thin Graphics with Four Independently Addressable 

Segments Per Character Space 
D Single + SV Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9028 VTLC and CRT 9128 VTLC are mask pro
grammable 40 pin COPLAMOS® n-channel MOS/LSI Video 
Display Controller Chips that combine video timing, video 
attributes, alphanumeric and graphics generation, smooth 
scroll and screen buffer interface functions. 

The VTLC incorporates many of the features (previously 
requiring a number of external components) required in 
building a low cost yet versatile display interface. An inter
nal mask programmable 128 character font provides for a 
full ASCII character set. Wide graphics allow plotting and 
graphing capabilities while thin graphics and visual attri
butes can make the display of forms straight-forward. 

Two pinout configurations enhance the versatility of the 
VTLC. The CRT 9028 controls data flow over the processor 
system data bus through separate read (RD) and write (WR) 
strobes for use with ithe 8085, 8051, ZBO®, 8086, and 

·zao is a registered trademark of Zilog Corporation. 
ZB is a trademark of Zilog Corporation. 
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similar microprocessors or microcomputers. The CRT 9128 
regulates the data flow with a data strobe (DS) and read/ 
write (R/W) enable signals for use with the 6500, ZS™, 68000 
and similar microprocessors or microcomputers. 

The VTLC provides two independent data buses; one bus 
that interfaces to the processor and one that interfaces to 
the display memory. Data is transferred to the display mem
ory from the processor through the VTLC eliminating con
tention problems and the need for a separate row buffer. 

The VTLC has an internal crystal oscillator requiring only 
an external crystal to operate. Masked constants for critical 
video timing simplify programming, operation and improve 
reliability. A separate non-scrolling status line (enabled or 
disabled by the processor) is available for displaying sys
tem status. 
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FIGURE 1. VTLC FUNCTIONAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 
NAME DESCRIPTION 

Display 11 bit address bus to display memory 
Address 

Ground Ground Connection 

Crystal 2,1 External Crystal 
An external TTL level clock may be used to drive XTAL 1 (in 
which case XTAL2 is left floating). 

Video Output This output is a digital TTL waveform used to develop the 
VIDEO and composite VIDEO signals to the monitor. The 
polarity of this signal is: HIGH= BLACK 

LOW= WHITE 

Intensity This pin is the intensity level modification attribute bit (synchro-
Output nized with the video data output). 

Display Write strobe to display memory 
Write 

Display 8-bit bidirectional data bus to display memory 
Data 

Horizontal Horizontal sync signal to monitor 
Sync 

Vertical Vertical sync signal to monitor 
Sync 

~osite This output is used to generate an RS 170 compatible compos-
Sync ite VIDEO signal for output to a composite VIDEO monitor. 

Power 5.0 V power connection 

CRT9028 

Write Strobe Causes data on the microprocessor data bus to be strobed into 
theVTLC 

Read Strobe Causes data from the VTLC to be strobed onto the micropro-
cessor data bus 

CRT9128 

Read/Write Determines whether the processor is reading data from or writ-
Select ing data into the VTLC (high for read, low for write) 

Data Strobe Causes data to be strobed into or out of the VTLC from the 
microprocessor data bus depending on the state of the R/W 
signal 

Register The state of this input pin will determine whether the data is 
Select being read from, or written to, the address or status register, or 

a data register. 

Processor 8-bit bi-directional processor data bus 
Data Bus 
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DESCRIPTION OF OPERATION* 

THE VTLC INTERNAL REGISTERS 
CRT 9028 

Addressing of the internal VTLC data registers of the 
CRT 9028 is accomplished J!:!!ough ~ use of the AID 
select input qualified by the RD and WR strobes. 

AID RD WR REGISTER OPERATION 

0 1 0 WRITE TO DATA REGISTER 

0 0 1 READ DATA REGISTER 

1 0 WRITE TO ADDRESS REGISTER 

0 READ STATUS REGISTER 

CRT 9128 

Addressing of the internal VTLC data re~ters of !!J.e CRT 
9128 is accomplished through use of the AID and R/W select 
inputs qualified by the DS strobe. 

AID OS R/W REGISTER OPERATION 

0 0 0 WRITE TO DATA REGISTER 

0 0 READ DATA REGISTER 

0 0 WRITE TO ADDRESS REGISTER 

0 READ STATUS REGISTER 

The contents of the seven processor programmable reg
isters located in the upper left hand side of the Functional 
Block Diagram of figure 1 indicate the memory locations 
from which screen data is to be fetched and displayed as 
well as the selected modes of display operation. These reg
isters are addressed indirectly via the Address Register. 

To access one of the seven eight-bit registers, the pro
cessor must first load the Address Register with the three
bit address of the selected data register. The next read or 
write to a data register will then cause the data register 
pol!Jted to by the Address Register to be accessed. The Line 
AID controls whether writing is occurring to the Address 
Register orjo a data register. When a read operation is per
formed, AID controls access to either the Status Register 
or to the data register selected by the Address Register. 

REGISTER DESCRIPTION 
ADDRESS REGISTER 

Writing a byte to the ADDRESS register will select the 
specified register the next time the processor writes to or 
reads the VTLC data registers. The data register addresses 
are as follows: 

ADDRESS 

DB7 DB6 DBS DB4 DB3 DB2 DB 1 DBO 

x x x x 0 1 1 0 
x x x x 1 0 0 0 
x x x x 1 0 0 1 
x x x x 1 0 1 0 
x x x x 1 0 1 1 
x x x x 1 1 0 0 
x x x x 1 1 0 1 
x x x x 1 1 1 0 
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STATUS REGISTER 
When reading the STATUS register, the DONE bit (DB7 

of STATUS Register) will represent the cummt status of the 
CHARACTER register. This bit is used to synchronize data 
transfers between the processor and the VTLC. The VTLC 
will set the DONE bit to a logic one after completing a byte 
transfer command or a FILL operation. The DONE bit is set 
to a logic zero by reading from, or writing to, the CHAR
ACTER register. The processor must wait until the DONE 
bit is 1 before attempting to change the CURSOR 
ADDRESS, in order to write a character to, or read a char
acter from, the CHARACTER register. 

STATUS REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB 1 DBO 

DONE x x x x x x x 
DONE = 1 signifies that the VTLC is not currently per

forming a display memory access. 
DONE = 0 signifies that the VTLC is currently per

forming a display memory access. 

DATA REGISTERS 
FILADD (Fill Address) This register contains the RAM 

address of the character following the last 
address to be filled. Writing to this register will I 
enable the VTLC "fill" circuitry. The FILL oper-

TYPE 

Write 
Write 
Write 
Write 
Write 
Write 

RD/WR 
Write 

ation will then be triggered by the next processor -
write to the CHARACTER register. The FILL 
operation will write the character in the CHAR
ACTER register to every location in display 
memory starting with the address specified in 
the CURLO and CURHI registers through the 
location preceeding the address specified in the 
FILADD register. The cursor position is not 
changed after a FILL operation. Note that the 
address bits DA3-DAO are internally forced to O 
forcing the FILADD address to be 00, 16, 32, etc. 
to 1920. The CURLO and CURHI registers will 
not be changed by this operation. Writing to the 
CHARACTER register will cause the VTLC to 
reset DB7 of the STATUS register to "O". Bit 7 
will be set to 1 after the VTLC has filled the last 
memory location specified. 

FILADD REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

X DA 10 DA9 DAS DA 7 DA6 DAS DA4 

REGISTER 

CHIP RESET 
TOSADO 
CURLO 
CURHI 
Fl LADD 
ATTDAT 
CHARACTER 
MODE REGISTER 



TOSADO (Top of Screen Address) This register contains 
the RAM address of the first character displayed 
at the top of the video monitor screen. In addi
tion, this register controls selection of either of 
two mask programmable vertical scan rates. 

TOSADO REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB 1 DBO 

TIM DA10 DA9 DAS DA7 DA6 DAS DA4 

Note that address bits DA3-DAO are internally 
forced to O forcing the first address at the begin
ning of each row to be 00, 16, 32, etc. to 1920. 

The most significant bit of this register (TIM) 
is used to select between the two mask pro
grammed sets of vertical retrace parameters 
(scan A and scan B). This allows software 
selection of, for example, 50/60 HZ. 

TIM = O enable raster scan A 
TIM = 1 enable raster scan B 

CURLO (Cursor Low) This register contains the eight 
lower order address bits of the RAM cursor 
address. All FILL screen and character transfer 
operations begin at the memory location pointed 
to by this address. 

CURLO REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB 1 DBO 

DA 7 DA6 DAS DA4 DA3 DA2 DA 1 DAO 

CURHI (Cursor High) This register contains the three 
higher address bits of the RAM cursor address 
(DA10, DA9, DAS). All FILL screen and char
acter transfer operations begin at the memory 
location pointed to by this address. In addition, 
this register contains the Smooth Scroll Offset 
Values SS3-SSO which determine the number 
of scan lines that the data is shifted on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling status 
line. 

CURHI REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

SLE SS3 SS2 SS1 SSO DA10 DA9 DAS 

SLE = 1 enables non-scrolling 25th 
status line 

SLE = 0 disables and blanks non
scrolling status line 

SS3-SSO Smooth Scroll Offset Value 

ATTDAT (Attribute Data) This register specifies the vis
ual attributes of the video data and the cursor 
presentation. The visual attributes specified in 
the ATTDAT register (DB3-DBO) are enabled or 
disabled by a TAG bit that is appended to the 
ASCII character written to the CHARACTER 
register. Every character on the screen with its 
TAG bit set is displayed with the same attribute. 
Changing the Attribute register will change the 
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attribute of every "tagged" character on the 
screen. The functions of the remaining bits in the 
ATTDAT register are not affected by the display 
character's TAG bit. 

There are two display modes, "alphanumerics" and 
"graphics". In the alphanumeric mode, visual attributes may 
be selected by the TAG bit. In the graphics mode, a tagged 
character will be a normal alphanumeric character. This 
allows a screen to display a mix of graphic and alphanu
meric characters or a mix of graphic and visually attributed 
alphanumeric characters. The display variations of the 
alphanumerics and graphics modes are summarized by the 
following: 

ATTDAT REGISTER 

DB7 DB6 DBS DB4 DB3 DB2 DB 1 DBO 

DB7 MODE DB7 = 1 enables graphics 
SELECT mode display (No 

attributes allowed) 
DB7 = O enables alpha 

mode display 

DB6 CURSOR DB6 = 1 inhibits VIDEO dis-
SUPPRESS play at cursor time 

by forcing the 
VIDEO output to 
background level 
during cursor dis
play time 

DB6 = O enables VIDEO 
display at cursor 
time 
Note: a blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 

DBS CURSOR DBS = 1 enables underline 
DISPLAY cursor display 

DBS = O enables block cur
sor display 
Note: An underline 
cursor in an under
line character 
attribute field will 
be dashed. 

DB4 SCREEN DB4 = 1 for white screen 
and black 
characters 

DB4 = O for black screen 
and white 
characters 
Note: this is a 
screen attribute 
(versus character 
attribute) bit and 
sets the default 
Video background 
level. 



DB3 

I-
ill 
CJ 
~ 
lii 
0 DB2 
w 
....J 
Ill 
<t: en 
0 
a: 
0 
0 w 
....J 

DB1 Ill 
<t: z 
w 

DBO 

MODE 

CHARACTER DB3 = 1 to enableVideo 
suppress SUPPRESS 

INTENSITY 

UNDERLINE 

REVERSE 
VIDEO 

DB3 = 0 

DB2 = 1 

DB2 =0 

DB1 = 1 

D81 = 0 

DBO = 1 

to inhibit Video 
suppress 
This bit allows 
character blinking 
and blanking under 
processor control 

allows the INTOUT 
output pin to go 
high for the char
acter time 
inhibits the 
INTOUT output pin 
from going high 

will cause the char
acter to be 
underlined 
will inhibit the 
underline 

will cause the 
standard fore
ground and back-
ground Video 
levels (selected 
with DB4) to be 
reversed for the 
character time 

DBO = O will inhibit reverse 
video 

The AUTO INCREMENT bit in this register 
specifies whether or not the display memory 
character address is automatically incre
mented by the VTLC after every read/write of 
the CHARACTER register. Note: The visible 
cursor position is not affected. 

DB7 

AUTO 
INC 

MODE REGISTER 

DB6 DB5 DB4 DB3 DB2 DB1 DBO 

x x x x x x x 

D87 AUTO DB7 1 to enable 
INCREMENT automatic character 

address 
The RAM address is 
incremented after the 
VTLC completes a dis
play memory access 
initiated by a processor 
to RAM or RAM to 
processor character 
transfer. 

DB7 = O to disable 
automatic increment 

CHARACTER This register allows access to the display 
memory for both byte transfers and FILL 
operations. In BYTE Transfer Write Mode, 
the processor first writes a character to this 
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register. The VTLC takes that character 
and stores it in the display memory in the 
location specified by the CURLO and 
CURHI registers. In Byte Transfer Read 
Mode, the processor reads this register 
causing the VTLC to fetch the character 
whose address is specified in the CURLO 
and CURHI registers from the display 
memory and place it in the CHARACTER 
register. The processor then reads the 
character and initiates another fetch from 
memory cycle. In FILL mode, writing a byte 
to this register will initiate a FILL operation. 
All VTLC/memory data transfers take place 
during horizontal and vertical video retrace 
blank time. 

CHARACTER REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG BIT + 7 BIT ASCII CHARACTER 

CHARACTER SET 

Using the DB7-DBO data bus 1/0 pins and the MOD SEL 
bit in the ATTDAT register, the user can address 128 char
acters, a six segment "wide graphics" and a four segment 
"thin graphics entity". Included in the 128 mask program
mable characters can be the 96 standard ASCII characters 
and 32 special characters. 

A. (MODE SEL = 1) GRAPHICS MODE 

This mode allows an intermix of alpha-numeric and 
graphics characters. No attributes are permitted in this 
mode. If TAG BIT = 1, the character will be an alpha
numeric. If TAG BIT = 0, the character will be a graph
ics character. 

CHARACTER REGISTER 

ALPHANUMERIC: TAG BIT = 1 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG = 1 I- ALPHA-NUMERIC CHARACTER~ 

DB6-DBO Specify character 

CHARACTER REGISTER 

GRAPHICS: TAG BIT = 0 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG=O WIT SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 

DB6 W/T = 1 specifies a wide graphics 
character 
W/T = O specifies a thin graphics 
character 

WIDE GRAPHICS ONLY: 
DB5-4 SEG6-5 = 1 to turn on graphics 

entity segment 
SEG6-5 = 0 to turn off graphics 

entity segment 

Note that DB5 and D84 have no meaning in the 
thin graphics entity. 
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WIDE AND THIN GRAPHICS: 

DB3-0 SEG4-1 if any bit = 1, corresponding 
graphics entity segment ON 

It any bit = 0, corresponding 
graphics entity segment OFF 

B. (MOD SEL = 0) ALPHA-NUMERICS MODE 

This mode allows display of alpha-numeric characters 
with attributes. If DB7 is set to a logical one, the attri
bute(s) specified in the ATTDAT register will be ena
bled for that character. :f TAG BIT is cleared, attributes 
will not be enabled for that character. 

CHARACTER REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG I-ALPHA-NUMERIC CHARACTER--l 

DB7 = 1 to enable attribute(s) for character. 
DB7 = Oto disable attribute(s) for character. 

DB6-DBO Specify character 

SEGMENT SEGMENT 
6 3 

SEGMENT SEGMENT 
5 2 

SEGMENT SEGMENT 
4 1 

WIDE GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 

SEGMENT3 

SEGMENT4 SEGMENT2 

SEGMENT 1 

THIN GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 

DESCRIPTION OF SYSTEM OPERATION 

The VTLC circuitry provides two control functions. One 
function interprets and controls data from the system pro
cessor interface through the data bus DB7-DBO as shown 
in the Processor Timing of figure 3. The other function gen
erates and refreshes the video image on the screen through 

the 007-DDO data bus as shown in the Display Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the VTLC maintains complete 
control over access to display memory. All data flow between 
display RAM and the processor or the VTLC takes place 
through the VTLC. Refer to the VTLC Display Memory 
Access Timing of figure 7. 

DISPLAY MEMORY ACCESS 

Processor/display memory access is accomplished 
through the CHARACTER register of the VTLC. All proces
sor transfers to or from the CHARACTER register take place 
only when the DONE bit is high. The DONE bit is used to 
synchronize data transfers between the VTLC and the pro
cessor as shown in the Typical Processor To Display Mem
mory Transfer of figure 6. When the processor needs to store 
a byte of data in the display memory, it will write the byte to 
the CHARACTER register of the VTLC. The VTLC will 
immediately reset the DONE bit indicating that the transfer 
hardware is busy. At the next blanked Video time, the VTLC 
will store the byte in the display memory, increment the 
character address, (if auto increment is enabled) and set 
the DONE bit. When the processor needs to read a byte of 
data from the display memory, it will read the CHARACTER 
register. The VTLC will fetch the desired byte from the dis
play memory during the next blanked VIDEO time, incre
ment the character address (if enabled), and set the DONE 
bit. When the processor detects that the DONE bit is set, it 
will read the CHARACTER register to get the data byte from 
the VTLC. This read will reset the DONE bit and cause the 
VTLC to fetch the next byte of data from the memory. 

If auto increment is not enabled, the processor must set 
the cursor address in the CURLO and CURHI registertothe 
address of the memory location being read from, or written 
into, before every access to the CHARACTER register. 

It should be noted that Auto Increment does not affect the 
visible cursor location. If auto-increment is enabled, the 
current character location will equal the cursor position only 
for the first character transfered following an update of the 
CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting to update the cursor registers 
because the loading of the cursor registers will reset the 
character position counters to the cursor position. 

SMOOTH SCROLL 

The VTLC may be programmed to do either "jump" or 
"smooth" scrolling. Jump scrolling moves the data up or 
down the monitor screen one data row at a time. Smooth 
scrolling moves the data up the monitor screen one scan 
line at a time. The number of scan lines and the rate they 
move up the screen is under processor control. 

Smooth scroll is controlled through manipulation of the 
SS3-SSO bits of the CURHI register. These bits represent 
the binary address of the first scan line of the first data row 
displayed on the monitor screen (the data row whose 
beginning address is in the TOSADO register). When the 
value represented by these bits is incremented, the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor resets the SS3-SSO address to point to scan line 
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O and does a jump scroll. Jump scroll is accomplished by 
incrementing the RAM address in the TOSADO register by 
a data row length (so that it points to the address of the first 
character of the new top data row on the monitor). 

When programmed for a data row of 80 characters/data 
row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). If the 
smooth scroll offset equals zero, the VTLC will display the 
1919 RAM locations following the top of screen address 
when displaying data. The first data row is partially scrolled 
off the screen and the 25th data row is scrolled onto the 
screen when the smooth scroll offset is incremented. The 
VTLC will now display the 1999 RAM locations following the 
top of screen address (wrapping to O after address 1999). 
After the VTLC does a jump scroll, the processor will pro
gram it to erase the line just scrolled off the screen (prepar
ing it to be scrolled onto the screen). This line now becomes 
the non-displayed 25th data row. 

NON-SCROLLING STATUS LINE 

The non-scrolling status line is only functional on a VTLC 
that has been programmed for 25 data rows. This data row 
will remain stationary at the bottom of the screen and will 
not move up the screen when the remainder of the display 
data is scrolled. Otherwise, VIDEO data on the status line 
may be manipulated as though it were normal display data. 
The smooth scroll offset will not function properly when the 
status line is enabled. The memory address of the charac
ters on the status line are always characters 1920H-1999H. 

CHIP RESET 

The CRT 9028 and CRT 9128 Chip Reset requires two 
steps. The system processor first writes the reset address 
to the address register of the VTLC. The system processor 
then writes a dummy character to the VTLC Data register. 
Writing to the Data register resets the chip. See the DONE 
timing in figure 6. 

ROM CHARACTER BLOCK FORMAT 
COLUMN DOT -> C7 C6 C5 C4 C3 C2 C1 co 
SCAN LINEO -> 0 0 0 0 0 0 0 0 

SCAN LINE 1 -> 0 0 0 

SCAN LINE2 -> 0 0 0 

SCAN LINE3 -> 0 MASK PROGRAMMABLE 0 0 
CHARACTER BLOCK 

SCAN LINE4 -> 0 (FONT) 0 0 
5X8 

SCAN LINE5 -> 0 0 0 

SCAN LINE6 -> 0 0 0 

SCAN LINE 7 -> 0 0 0 

SCAN LINES -> 0 0 0 

SCAN LINE 9 -> 0 0 0 0 0 0 0 0 

SCAN LINE 10 -> 0 0 0 0 0 0 0 0 

SCAN LINE 11 -> 0 0 0 0 0 0 0 0 

Mask programmable options-The ROM character block format above shows the 5X8 mask programmable character font 
within the character cell as defined by dots C7 through CO and scan lines O through 11. 

Dots/Character: 6 dots/character cell = '.> C7 - C2 displayed 
7 dots/character cell = > C7 - C1 displayed 
8 dots/character cell = > C7 - CO displayed 

Column dots CO and C1 will be the same as column dot C7 when more than 6 dots/character cell are specified 
when generating alpha-numerics. 

NOTE: The maximum dot clock crystal frequency is dependent on the dots/character programmed: 

DOTS/CHARACTER MAX XTAL FREQ 

6dots 10.5 MHz max 
?dots 12.25 MHz max 
8dots 14.0 MHz max 

Scan Lines per Character: 8 scan lines/character = > SLO - SL? displayed 
9 scan lines/character = > SLO - SL8 displayed 

10 scan lines/character = > SLO - SL9 displayed 
11 scan lines/character = > SLO - SL 10 displayed 
12 scan lines/character = > SLO - SL 11 displayed 

Thin and Wide Graphics: Dots mask programmed for vertical column C2 will be the same as backfill Columns O and 1 
when generating wide and thin graphics. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ........................................................... ~ ........... 0°C to + 70°C 
Storage Temperature Range ......................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 1 O sec.) ............................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ................................................. + 8.0V 
Negative Voltage on any Pin, with respect to ground ................................................ - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied: 

NOTE: When powering this device from laboratory or system power supplies, it is important that the.Absolute Maxi
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may 
appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V ±5%, unless otherwise noted. 

PARAMETER MIN TYP MAX UNrfrJ:coMMENTS 

DC CHARACTERISTICS 

l ~~~y"''""ll" INPUT VOLTAGE LEVELS 
Low-level, Vil 0.8 
High-Level, Vih 2.2 v~ s are SUbjec1 ;c,::~on. 

OUTPUT VOLTAGE LEVELS 
ange. 

Low-level, Vol 0.4 v lol=1.6ma 

High-level, Voh 2.4 0.4 v loh= -20µa 

INPUT LEAKAGE CURRENT 
High-level, llh 10 µa All inputs; Vin= Vee 

Low-level, Ill 10 µa Allinpu.!§__ _ 
except.WR, RD 
OS, R/W; Vin= 0.4V 

Low-level, Ill 200 µa WR, RQ_or 
OS, R/W; Vin= 0.4V 

INPUT CAPACITANCE 
All inputs, Cin 15 pF 

I/CAPACITANCE 
Cl/O 15 pF Except 087-0 

Cl/O 100 pF 087-0 

POWER SUPPLY CURRENT 
Ice 125 mA 

AC CHARACTERISTICS 
CLOCK FREQUENCY, fin 0.10 14 MHz See note 

DISPLAY MEMORY TIMING 
Address Set-up Time 

tAS 20 ns 
Write Command Hold 

twcH 80 ns 
Data Valid to End of Write 

tow 80 ns 
Data Hold Time 

toH 10 25 ns 
Write f!ecovery Time 

twR 25 ns 
Output Hold From Address Change 

loH 15 ns 
Address Access Time 

tM 250 ns 

374 



PARAMETER MIN TYP MAX UNIT COMMENTS 

PROCESSOR TIMING 
Write Set-up Time 

tws 160 ns 
Write Strobe 

TwR 160 ns 
Write Hold Time 

tWHT 40 ns 
Read set-up Time 

tRST 200 ns 

Read Data Valid 
TRDV 0 ns 

Read Pulse Width 
t RPW 250 ns 

NOTE: MAXIMUM DOT CLOCK XTAL FREQUENCY IS DEPENDENT ON DOTS/CHARACTER PROGRAMMED: 

DOTS/ 
CHARACTER 

6 dots 
7 dots 
8 dots 

DA10-0 

DD7-DDO 

MAX XTAL FREQ 

10.5 MHz max 
12.25 MHz max 
14.0 MHz max 

VTLCOUTPUT 
TO RAM 

Crystal specification: 
Series Resonant 
50 ohms max series resistance 
1.5 pf typ parallel capacitance 

ADDRESS 

READDATA 
FROM RAM 

VTLCINPUT 
FROM RAM 

ADDRESS 

READDATA 
FROM RAM 

NOTE: DISPLAY ADDRESS BUS DA 10-DAO MUST NOT CHANGE WHILE DWR IS LOW 

FIGURE 2. DISPLAY MEMORY TIMING 

~: =f ~,____~==-x'----___ >e 
r--~-lws --.,.---____.J 

067-0 

, ______ , 

WRITE DATA 

PROCESSOR WRITES 
TOVTLC 

PROCESSOR 
READSVTLC 

FIGURE 3. PROCESSOR TIMING 

375 

PROCESSOR 
READS VTLC 

I 



VERTICAL TIMING VERTICAL 
SYNC 

I DURATION I 

I I• •I I 
VS"NC -+t 14- I I 

VSYNC 
DELAY : r-----\ ____ l ___ ~// r-

1 I I I ;;----
1 I 

V BLANKING ____ __,/ \~---// r--
J+- NUMBER OF BLANKED -+l /:,r----'1 
1 SCAN LINES i.- NUMBER OF~ 

DISPLAYED 
DATA ROWS 

HORIZONTAL TIMING HORIZONTAL 
SYNC 

DURATION 

~I 
HSYNC ~ 14--- I I 
DELAY I I I I 

HSYNC _____ ...;.1 _ __,r--\)o----'-1 -----1/1-/ ____ ~f 
I I I // 

I 
I 

H BLANKING /.------------\ I I r--
------'J+- NUMBER OF ~ I;---, 

c~it~~fJ>Rs I+- ~Y~P~~~~; --i 
CHARACTERS 

NOTE: Video parameters above are mask programmable 

FIGURE 4. VERTICAL AND HORIZONTAL SYNC TIMING 

HSYNC _n ___ ~n n ..... ___ ~n.__ ___ __.n.__ ___ ~n.__ ___ .... IL 
I I I I 
I I I I 

I I 
VSYNC ----------' I I 

I I I 
f+--H·--.+4---H--1 I 

I f4.-H:2~ I I 

NOTE: Delays between pulse edges and pulse width values may vary due to mask programmable features 
"H represents horizontal interval 

HSYNC 

CSYNC 

HSYNC --~n..__ 
--idl--

CSYNC _____ __.r-1~------
d - HSYN Delay -CSYN Delay 

VERTICAL BLANKING VERTICAL DISPLAY 

FIGURE 5. VIDEO SIGNAL TIMING 

IDs?-O xxxxxxxxx ASCII CHARACTER xxxxxxxxxxxxxxxx 
PROCESSOR 

BUS 

~-----------~ 
PROCESSOR WRITES CHARACTER 

VTLC CHARACTER REGISTER 

(CAUSES DONE BIT RESET) 

"DONE 
(DB? OF STATUS 
REGISTER) 

\,____ ___ ___,/, 
jDD?-o 

DISPLAY 
BUS 

DISPLAY 
CHARACTER 

DISPLAY 
CHARACTER 

DISPLAY 
CHARACTER 

~R--~----------~-------~----~-~ 
"DONE = 1 SIGNIFIES THAT VTLC IS NOT CURRENTLY PERFORMING A DISPLAY MEMORY ACCESS 

DONE = 0 SIGNIFIES THAT VTLC IS CURRENTLY PERFORMING A DISPLAY MEMORY ACCESS 

ASCII CHARACTER 

VTLCWRITES 
CHARACTER REGISTER 

TO DISPLAY MEMORY 

FIGURE 6. TYPICAL PROCESSOR TO DISPLAY MEMORY TRANSFER 
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c.u 
-.....! 
-.....! 

TYPICAL DISPLAY TIMING 

TIME: CHARACTER 
,-------. .... , ,. .. ______ DISPLAY -, ' BLANKING 

DA10-0 CHARACTER 1 

DWR .ll/ H DISPLAY MEMORY READ 

TIME: 

DA10-0 

READ AND WRITE DISPLAY MEMORY TIMING 

BLANKING I .. CHARACTER 
DISPLAY j 

I CHARACTER 1 I 
ADDRESS 

CHARACTER 1 
ADDRESS 

---.-......-~~~~~~~~~~-H ' I 

DWR _/// PROCESSOR WRITES/READS TO /FROM \ / PROCESSOR WRITES/READS TO/FROM 
r CHARACTER REGISTER HiGH-FORREAD nr---1. l CHARACTER REGISTER ll 

TIME: 

DA10-0 

DWR 

VTLC WRITES/READS 
TO/FROM DISPLAY MEMORY LOW FOR WRITE /// // 77 

FILL DISPLAY MEMORY COMMAND 

CHARACTER 
--- DISPLAY 

~---

CHARACTER BLANKING -/ /- • 1----f DISPLAY r---1 t----\ 
,------, ~S-C_A_N_R_O_W--.. (IN~~~ti~T) 

START +N 

(LAST LOCATION 

PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER 

~--H . H FILLED) 

ll ~TO 
( 

DONE 
(087 OF STATUS 
REGISTER) 

007-0 

~ 

CHARACTER 
N-1 

CHARACTER 
N 

77 LAST LOCATION 

H------,, 
FILL 

CHARACTER 
FILL 

CHARACTER 
FILL 

CHARACTER 

NOTE: ·N CHARACTERS/DATA ROW 

FILL 
CHARACTER 

.. CURSOR INCREMENTED AFTER EACH WRITE 

FIGURE 7. VTLC DISPLAY MEMORY ACCESS TIMING 

--

FILL 
CHARACTER 

~1 111 
FILL 

CHARACTER 



APPENDIX-STANDARD PARTS-CRT 9028-000/CRT 9128-000 

I. ROM CHARACTER BLOCK FORMAT 

COLUMN DOT -> C7 C6 

SCAN LINE 0 -> 0 0 

SCAN LINE 1 -> 0 

SCAN LINE 2 -> 0 

cs 

0 

C4 

0 

C3 

0 

SCAN LINE 3 -> 0 CHARACTER BLOCK 
5 X 8 CELL 

SCAN LINE 4 -> 0 

SCAN LINE 5 -> 0 

SCAN LINE 6 -> 0 

SCAN LINE 7 -> 0 

SCAN LINE 8 -> 0 

SCAN LINE 9 -> 0 0 0 

II. DOTS PER CHARACTER: 

Iii. HORIZONTAL TIMING (IN CHARACTER TIMES) 
CHARACTERS PER DATA ROW: 
HORIZONTAL BLANKING: 
HORIZONTAL SYNC DELAY: 
HORIZONTAL SYNC PULSE WIDTH; 
HORIZONTAL SYNC POLARITY: NEGATIVE ACTIVE 

0 0 

i.--HORIZ BLANKING----.1 
ACTIVE VIDEO I . I 

7 

80 
20 

4 
8 

C2 

0 

0 

C1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ACTIVE VIDEO 
VIDEO ---------11 ._ _-_-_-_-_-_-_-_-_ 

HSY NC 

HORIZ SYNC DELAY -I• ... 1. HORIZ SYNC~ 
PULSE WIDTH 

IV. VERTICAL TIMING 
CHARACTER ROWS: 
SCAN LINES PER CHARACTER: 
TOTAL VISIBLE SCAN LINES: 
VERTICAL SYNC POLARITY: NEGATIVE ACTIVE 

V. VERTICAL SYNC TIMING (IN SCAN LINES): 
60 Hz VERTICAL BLANKING: 
60 Hz VERTICAL SYNC DELAY: 
60 Hz VERTICAL SYNC PULSE WIDTH: 
ALTERNATE (50 Hz) VERTICAL BLANKING: 
ALTERNATE (50 Hz) VERTICAL SYNC DELAY: 
ALTERNATE (50 Hz) VERTICAL SYNC PULSE WIDTH: 

ACTIVE VIDEO r--VERTICAL BLANKING___, 

24 
x 10 
240 

20 
4 
8 
72 
30 
10 

ACTIVE VIDEO 
ViDEo --------, , ____ -_-_-_-_-_-_-_ 

VSYNC 
_____ __J 

VSYNC DELAY - 14 •14 VERT SYNC--.i 
PULSE WIDTH 
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VI. COMPOSITE SYNC OUTPUT (IN CHARACTER TIMES) 
COMPOSITE SYNC DELAY: 
COMPOSITE SYNC PULSE WIDTH: 

ACTIVE VIDEO --------, 

2 
8 

ACTIVE VIDEO ,--------

CSYN DELAY - 1o1114!--___.,.,,.., • .,_ _ ___...j~ CSYN PULSE WIDTH 

VII. UNDERLINE ATTRIBUTE AND CURSOR LINE: SCAN LINE 9 

VIII. WIDE GRAPHICS FIGURE DEFINITION: 

COLUMN -> C7 C6 C5 C4 C3 C2 C1 

SCAN LINE 0 -> 

SCAN LINE 1 -> SEGMENTS SEGMENT3 

SCAN LINE 2 -> 

SCAN LINE 3 -> 

SCAN LINE 4 -> SEGMENTS SEGMENT 2 

SCAN LINE 6 -> 

SCAN LINE 7 -> 

SCAN LINE 8 -> SEGMENT 4 SEGMENT 1 

SCAN LINE 9 -> 

IX. THIN GRAPHICS FIGURE DEFINITION: 

COLUMN DOT-> C7 C6 C5 C4 C3 C2 C1 
r--

SCAN LINEO -> s 
SCAN LINE 1 -> E 

G 

SCAN LINE2 -> M 
E 
N 

SCAN LINE3 -> T 

SCAN LINE4 -> 3 

SCAN LINE 5 -> [ SEGMENT4 SEGMENT2 ] 
SCAN LINE6 

s 
-> E 

G 
SCAN LINE 7 -> M 

E 
SCAN LINES -> N 

T 
SCAN LINE9 -> 1 

'---' 

SEGMENT 4 = SCAN LINE 5; C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES 0, 1, 2, 3, 4, 5 
SEGMENT 2 = SCAN LINE 5; C4, C3, C2, C1 
SEGMENT 1 = C4; SCAN LINES 5, 6, 7, 8, 9 
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STAN~D MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

CORPORATION __ _ 
d 35MiftulMHaQ:1119fllYn718 I (516J273·ll00 TWl·5'I0·22J.IRI 

382 



STANDARD MICROSYSTEMS 
CORPORATION/ 

f 

CRT9041A* 
CRT9041B 
CRT9041C 

PRELIMINARY 

CRT Video Attributes Controller 
VAC 

FEATURES 
0 On chip 12 bit shift register 

3 speed versions: 
CRT 9041 A -33MHz* 
CRT 9041 B -30MHz 
CRT 9041 C -28.5MHz 

0 On chip attributes logic 
Reverse video 
Character blank 
Character blink to biank 
Character blink between any two of 
four video intensity levels 
Two independent underline attributes 
Four video intensity levels 
Two general purpose attributes 

0 Wide graphics mode 
0 Thin graphics mode 
0 Reverse screen input 
0 On chip logic for double height/double width data rows 
0 Accepts scan line information in parallel or serial format 
0 Supports multiple cursors 
0 Four cursor modes dynamically selectable 

via 2 input pins 
Underline 
Blinking underline 
Reverse video block 
Blinking reverse video block 

0 Mask programmable cursor blink rate and duty cycle 

PIN CONFIGURATION 

CURS 
RETBL 
U5iSH 

voe 
VIDEO 

DST 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 

SL3/BKC 
GND 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vee 
GP20 
GP10 
HINTO 
BOLDO 
ATTEN 
CHABL 
UL2/GP21 
XCURS/GP11 
HINTI 
BOLDI 
BLINK 
RS 
REVID 
MS1 
MS!? 
VSYNC 
SLO/SLD 
SL1/SLG 
SL2/BLC 

0 Mask programmable character blink rate and duty cycle 
0 On chip data and attribute latches 
0 Externally multiplexible for higher video rates 
0 Dot stretch on a character basis 
0 + 5 volt operation 
0 TTL compatible 
0 MOS n-channel silicon gate COPLAMOS® process 
0 Compatible with the CRT 5037 and CRT 9007 

GENERAL DESCRIPTION 

The SMC CRT 9041 Video Attributes Controller (VAC) is 
an n-channel COPLAMOS® MOS/LSI device containing 
graphics logic, attributes logic, data and attribute latches, 
cursor control, and a high speed video shift register. The 
CRT 9041, a character generator ROM, and a CRT con
troller such as the CRT 9007 provide all of the major circui
try for the display portion of a CRT video terminal. 

The CRT 9041 serial video output may be connected 
directly to a CRT monitor's video input. The CRT 9041 is 
available in three speed versions: 28.5 MHZ (9041C), 30 
MHZ (9041 B) and 33 MHZ (9041 A). 

The CRT 9041 attributes include: reverse video, 2 under
lines, character blank, and character blink. Character blink 
may be to background, or between any 2 of 4 possible video 
intensity levels. Two output pins define 4 video levels: half, 
three quarters, full, and bold. When used in conjunction with 
the CRT 9007 VPAC™, the CRT 9041 will provide double 
height or double width data row display. 

Two cursor input pins allow simultaneous display of two 
cursors. Each of these cursors can be displayed in one of 
4 display formats: underline, blinking underline, reverse 
video character block, and blinking reverse video character 

*For Future Release 
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block. When used in the serial scan line input mode, each 
cursor may be displayed in any of the 4 cursor display modes 
as selected via the two input pins. When used in the parallel 
scan line input mode, each cursor display mode is mask 
programmable and fixed at the time of manufacture. 

The cursor format or the parallel scan line information can 
be changed on a character by character basis to allow dif
ferent cursor formats on separate areas of the screen or for 
superscripted or subscripted characters. 

Two graphics modes are provided. In the wide graphics 
mode, the CRT 9041 produces a graphic entity the size of 
the character block. The graphic entity contains eight parts, 
each of which is associated with one bit of the input byte 
thereby providing 256 unique graphic symbols. The thin 
graphics mode enables the user to create thin line drawings 
and forms. In both graphics modes, continuous horizontal 
and vertical lines may be drawn. Additional flexibility is pro
vided through the mask programming of the placement and 
dimensions of the blocks or lines within a character block. 
In the thin graphics mode, mask programming allows ser
rated horizontal or vertical lines. 
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PINNO. 

1 

2 

3 

4 

5 

6 

7-18 

DST------.. 
Cursor 
RETBL 

ATTEN 
MSO 
MSI 

REVID 
CHABL 

Cursor 

Retrace 
Blank 

NAME 

Load/Shift 

Video Dot 
Clock 

Video 

Dot 
Stretch 

Data 

Dl,,·Dl0 

1------1-----.l Att~~~tes Multi· 
plexer 

Single double 
height width 

logic 

graphics 
logic 

L-----r---..--- HINTO 
BOLDO 
GP10 
GP20 

Video 
voe 

SLJSLD 
SL/SIG 

-sL,/BLC 
SL;BKC 
VSYNC 

5V 

--- GND 

FIGURE 1: CRT 9041 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 

CURS When this input is high and RETBL is low, the programmed cursor format 
will be displayed. When this input is high, and RETBL is high, the CRT 
9041 enters the double width mode. See section entitled "Cursor 
Formats" for details. 

RETBL When this input is high, the parallel inputs to the video shi!!_iegister are 
unconditionally cleared to all zeros and loaded on the next LO/SH pulse. 
This forces the Video output to a low voltage level, independent of all 
attributes for blanking the CRT during horizontal and vertical retrace time. 

LO/SH The 12 bit video shift register parallel-in load or serial-out shift operation 
is established by the state of this input. When high, this input enables 
the shift register for serial shifting with each video dot clock pulse (VDC 
input). When low, the video shift register is parallel loaded on the next 
video dot clock pulse and all data and attributes are moved to the next 
position in the internal pipeline. In addition, input data and attributes are 
latched on the positive transition of LO/SH. If the period of this signal is 
greater than 12 dots, video information will be supplied in the form of 
backfill dots as specified in the mask programmed options. 

voe This input clock controls the rate at which video data is shifted out on 
the VIDEO output. 

VIDEO The Video output provides the serial dot stream to the CRT. Video data 
is shifted out on the rising edge of the video dot clock VDC. The timing 
of the LO/SH input will determine the number of backfill dots. 

DST This input determines if all dots in the video stream will be stretched by 
one dot. In normal video, all 1 's are stretched and in reverse video all O's 
are stretched. This input enters the CRT 9041 along with 011-00 with 
one LO/SH delay. Updating can occur each LO/SH to allow selected dot 
stretching on a character by character basis. A high voltage will cause 
the dot stretch and a low voltage will inhibit the dot stretch mechanism. 
See section entitled "Dot Stretch" for details. 

011-00 In the character mode, the data on these inputs are passed through the 
attributes logic into the 12 bit high speed video shift register. The binary 
information on 011 will be the first bit output after the LO/SH input goes 
low. In the thin or wide graphics mode only the 011 through 04 inputs 
will individually control the on/off condition of the particular portion of the 
character block or line drawing. Tables 5 and 6 illustrate the wide and 
thin graphics modes respectively and their relationships to 011-04. 
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PIN NO. NAME SYMBOL FUNCTION 
19 Scan line 3/ SL3/BKC Information on this input is delayed 2 LO/SH cycles before entering the 

Block Cursor Attribute and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. In the Parallel 
Scan Line Mode, this input is the most significant bit of the binary scan 
line row address. In the Serial Scan Line Mode, this input controls the 
cursor's physical dimensions. If high, the cursor will appear as a reverse 
video block (the entire character cell will be displayed in reverse video). 
If low, the cursor will appear as an underline on the scan line(s) 
programmed. 

20 Ground GND Ground 

21 Scan line 2/ SL2/BLC Information on this input is delayed 2 LO/SH cycles before entering the 
Blink Cursor Attributes and Graphics Logic. As a result, this input can be changed on 

a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. 

22 Scan Line 1/ SL1/Sffi This input has two separate functions depending on the way scan line 
Scan Line Gate information is presented to the CRT 9041. In the Parallel Scan Line Mode 

this input is the next to the least significant bit of the binary scan line row 
address. In this mode the information presented is delayed 2 LO/SH 
cycles before entering the Attributes and Graphics Logic to allow the scan 
line information to be changed on a character basis. In the Serial Scan 
Line Mode this input will be low for 5 or 6 LO/SH pulses to allow the scan 
line information to be serially shifted into the serial scan line shift register. 
If this signal is low for 7 or more LO/SH pulses, the CRT 9041 will assume 
the parallel input scan line row address mode. 

23 Scan line 01 SLO/SLD This input has two separate functions depending on the way scan line 
Scan Line data information is presented to the CRT 9041. Refer to Table 4. In the Parallel 

Scan Line Mode this input is the least significant bit of the binary scan 
line row address. The information presented in this mode is delayed 2 
LO/SH cycles before entering the Attributes and Graphics Logic to allow 
the scan line information to be changed on a character basis. In the Serial 
Scan Mode this input will present the scan line information in serial form 
(least significant bit first) to the CRT 9041 and permits the proper scan 
line information to enter the serial scan line shift register during the LO/ 
SH pulses framed by Sffi. 

24 Vertical VSYNC This input is typically connected to the vertical sync output of the CRT 
Sync controller and is used as the clock input for the on-chip mask program-

mable blink rate dividers. The cursor blink rate can be a multiple or sub-
multiple of the character blink which is selectable as a mask program 
option (see Table 10.) In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan 
line mode (parallel or serial) used. See the section "Scan Line Input 
Modes". 

25 Mode Select o MSO These 2 inputs define the four modes of operation of the CRT 9041 as 
26 Mode Select 1 MS1 follows: 

MS1 MSO MODE 

0 0 Wide graphics mode 
0 1 Thin graphics mode 
1 0 Character mode without underline one 
1 1 Character mode with underline one 

See section entitled Display Modes for details. 

27 Reverse Video REVID When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics Logic is presented directly to the video shift reg-
ister. When this input is high and RETBL is low, the Attribute and Graphics 
Logic will invert the data before presenting it to the video shift register. 

28 Reverse Screen RS This input defines the base background level of the screen. A low on this 
input will cause normal (non-reverse) video to appear white with a black 
background. A high on this input will cause normal (non-reverse) video to 
appear black with a white background. 
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PIN NO. NAME SYMBOL FUNCTION 

29 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, 
the character will blink at the programmed character blink rate. This input 
allows a character to blink between 2 of 4 levels of video or to the back-
ground level according to one of the 3 mask programmable blink tables 
(Tables 1, 2 and 3). The duty cycle for the character blink is mask pro-
grammable at either 75/25 (off/on) or 50/50. 

30 Bold in BOLDI The BOLDI input along with the SOLDO output provides a user with a Bold 
(high intensity) attribute on a character by character basis. Data input on 
BOLDI will appear at SOLDO with the same delay as that from any other 
attribute input to the serial video output (VIDEO). By using an external mix-
ing circuit, it is possible to raise the voltage level of the video output to pro-
duce the bold attribute. 

31 Half intensity in HINTI The HINTI inp9t along with the HINTO output provides a user with a half 
intensity attribute on a character by character basis. Data input on HINTI 
will appear at HINTO with the same delay as that from any other attribute 
input to the serial video output (VIDEO). By using an external mixing cir-
cuit, it is possible to lower the voltage level of the video output to produce 
the half intensity attribute. 

32 Extra Cursor/ XCURS/ This input has a dual function. It can produce a second cursor with either 
General Purpose GP11 a dynamically selectable format or a masked programmed format. If no 
Attribute 1 In scan line(s) are programmed for the XCURS format (or if the programmed 

scan lines are beyond the range of the actual scan lines}, this input will 
simply be pipelined through the CRT 9041 to produce a user controlled 
general purpose attribute. Data appearing on this input is pipelined to the 
GP10 with the same delay as that from any other attribute input and can 
affect the video as desired. Whether XCURS is used or not, data appear-
ing on this input will be pipelined to the GP10 output. 

33 Underline2 UL2/ This input has a dual function. It can produce a second underline (UL2} at 
General Purpose GP21 the masked programmed scan line(s). If no scan line(s} are programmed 
Attribute 2 In for underline 2, this input will simply be pipelined through the CRT 9041 to 

produce a user controlled general purpose attribute. Data appearing on 
this input is pipelined to the GP20 with the same delay as that from any 
other attribute input and can affect the video as desired. Whether UL2 is 
used or not, data appearing on this input will be pipelined to the GP20 

· output. Note that underline 1 is selected via the MSO and MS1 inputs. 

34 Character CHABL When this input is high, the parallel inputs to the video shift register are all 
Blank set low (or high depending on the state of REVID and RS) thus providing 

a constant video level for the entire length of the character block. Only the 
cursor is visible in a character blank field. 

35 Attribute ATTEN When this input is high, the internal attribute latch is updated at the positive 
Enable going edge of the LD/SH input with data ppearing on the REVID, CHABL, 

MS1, MSO, BLINK, BOLDI, HINTI, UL2/GP21, DST RS, and XCURS/GP1 I 
inputs. By selectively bringing this input high, the user will update the 
attribute only at specific character times; all subsequent characters will 
carry with them the attributes last updated thus allowing "field" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at 
each character by tying this input high (thus allowing "invisible" attri-
butes). All attributes are reset by the VSYNC input. 

36 Bold out SOLDO This output is used in conjunction with the SOLDO input to provide a three 
Out character pipeline delay when creating a high intensity effect on the video 

bit stream. In addition, this output is activated independent of the BOLDI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 

37 Half Intensity HINTO This output is used in conjunction with the HINTI input to provide a three 
Out character pipeline delay when creating a half intensity effect on the video 

bit stream. In addition, this output is activated independent of the HINTI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 

38 General Purpose GP10 This output is used in conjunction with the XCURS/GP1 I input and pro-
Attribute 1 out vides a three character pipeline delay to allow for general purpose attri-

butes to be implemented. 

39 General Purpose GP20 This output is used in conjunction with the UL2/GP21 input and provides a 
Attribute 2 out three character pipeline delay to allow for general purpose attributes to be 

implemented. 

40 Supply Voltage Vee + 5 volt power supply. 
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Reverse 
Video 

Character 
Blank 

Underline 

Half 
Intensity 

Retrace 
Blank 

Bold 

Blink 

ATTRIBUTES FUNCTIONS 
- The REVID input causes inverted data to be 

loaded into the video shift register. 

- The CHABL input forces the video to go to 
the current background level as defined by 
Reverse Video and Reverse screen. This 
attribute blanks all video with the exception 
of both cursor displays. 

- MS1, MSO = 1, 1 or UL2 = 1: either condi
tion forces the video to the inverse of the 
background level (all 1 's or-all O's) for all scan 
line(s) programmed for underline. The two 
underlines are independent. 

- The HINTI input and the HINTO output allow 
a half intensity attribute to be carried through 
the pipeline of the CRT 9041. An external 
mixer can be used to combine VIDEO and 
HINTO to create a decreased white level in 
the video. 

- The RETBL input causes the VIDEO to go 
to the zero (black) level regardless of the 
state of all other inputs. 

- The BOLDI input and the SOLDO output 
allow a bold (high intensity) attribute to be 
carried through the pipeline of the CRT 
9041. An external mixer can be used to 
combine VIDEO and SOLDO to create an 
increased white level in the video. 

- The BLINK input will cause characters to 
blink in a number of mask programmable 
ways. Referring to Tables 1, 2 or 3, video can 
be made to blink between 2 or 4 possible 
video levels with either a 50/50 on/off or a 
75/25 on/off duty cycle. The tables also 
illustrate that the blink levels can be pro
grammed to be a function of the reverse 
video input attribute. A blinking cursor over~ 
rides the character blink for the scan lines 
programmed for cursor. The CRT 9041 can 
implement character blinking in several dif
ferent mask programmable visual formats 
as shown in the Tables. The blink function 
illustrated in Table 2 implements CRT 9021 
compatibility blinking. 

The CRT 9041 may be mask programmed for one of three 
combinations of blinking operation. These are illustrated 
respectively in Tables 1, 2, and 3. Since 4 levels of video 
are possible, Tables 2 and 3 define the video blinking 
between 2 video levels and Table 2 defines the video blink
ing to the background level making this table compatible 
with the CRT 9021. 

The Non-blink Option Table 1 A shows the state of the 
video DATA (DATA = non inverted video, DATA = inverted 
video) and the value of the output attributes (SOLDO, 
HINTO) that can be applied to the video DATA as a function 
of the four input attributes. The BLINK = O inputs in Table 
1 A result in a non-character blink display as compared to 
the video DATA shown in the Blink Combinations Option 
Table 18. 

(1) Reverse video = (REVID) and (RS) or (REVID) and (RS) 

387 

TABLE 1A: NON-BLINK COMBINATIONS 
OPTION TABLE 

INPUTS OUTPUTS 

BLINK REVERSE BOLDI HINTI VIDEO SOLDO HINTO 
VIDE0(1) 

0 0 0 0 DATA 0 0 
0 0 0 1 DATA 0 1 
0 0 1 0 DATA 1 0 
0 0 1 1 DATA 1 1 
0 1 0 0 DATA 0 1 
0 1 0 1 DATA 0 1 
0 1 1 0 DATA 0 0 
0 1 1 1 DATA 1 1 

TABLE 1 B: BLINK COMBINATIONS OPTION TABLE 

INPUTS CHARACTER OUTPUTS 

BLINK REVERSE BOLDI HINTI BLINK 
WITHOUT VIDEO SOLDO HINTO 

CURSOR (1) 

_A*__fB' _A. ____rs; _A. __rs; 
1 0 0 0 DATA DATA 0 0 0 1 
1 0 0 1 DATA DATA 0 0 1 0 
1 0 1 0 DATA DATA 1 0 0 0 
1 0 1 1 DATA DATA 1 0 1 0 
1 1 0 0 DATA DATA 0 0 0 1 
1 1 0 1 DATA DATA 0 0 0 1 
1 1 1 0 DATA DATA 0 1 0 0 
1 1 1 1 DATA DATA 0 1 0 1 

The Blink Combinations Option Table 1 B shows the state 
of the video DATA (DATA = non inverted video; DATA = 
inverted video) during a character blink cycle (TIME A = 
OFF, TIME B = ON). The values of the output attributes 
(SOLDO, HINTO) that can be applied to the video DATA are 
determined by the state of the four input attributes. The 
BLINK = 1 inputs in Table 1 B result in a blinking character 
display as compared to the non-blinking video DATA shown 
in the Non-blink Combinations Option Table 1 A. Since 4 
levels of video are possible, Table 1 A defines video blinking 
between 2 video levels. This is shown in the explanation 
Table 1 C below. It should be noted that the designation 
NORMAL, 112 INTENSITY,% INTENSITY and BOLD have 
been used arbitrarily. The actual video levels caused by the 
SOLDO and HINTO are defined by the external video mix
ing circuit. 

TABLE 1 C 

SOLDO HINTO INTENSITY LEVEL BLINK BETWEEN THESE 
2 LEVELS (OFF-ON) 

NON REVERSE REVERSE 
VIDEO VIDEO 

0 0 NORMAL (N) N- V2 N - 1/2 
0 1 V2 INTENSITY (V2) 112- N N - 112 
1 0 BOLD (8) 8-N N-8 
1 1 % INTENSITY (%) %-N N-% 

*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A+ B must equal 
100%) 

(1) The combinations in Table 1 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. A blinking cursor over
rides a character blink for the scan lines programmed for 
cursor. A blinking cursor will introduce and then remove one 
more inversion to either a non-blinking character or a blink
ing character. 

I 



TABLE 2A: ALTERNATE NON-BLINK COMBINATIONS 
FOR CRT 9021 COMPATIBILITY 

INPUTS OUTPUTS 

BLINK REVERSE BOLDI HINTI VIDEO SOLDO HINTO 
VIDEO 

0 0 0 0 DATA 0 0 
0 0 0 1 DATA 0 1 
0 0 1 0 DATA 1 0 
0 0 1 1 DATA 1 1 
0 1 0 0 DATA 0 0 
0 1 0 1 DATA 0 1 
0 1 1 0 DATA 1 0 
0 1 1 1 DATA 1 1 

The Alternate Non-blink Combinations for CRT 9021 
Compatibility Table 2A show the state of the video DATA 
(DATA = non inverted video; DATA = inverted video) and 
the value of the output attributes (SOLDO, HINTO) that can 
be applied to the video DATA as a function of the four input 
attributes. The BLINK = O inputs in Table 2A result in a non
character blink display as compared to video DATA shown 
in Alternate Blink Combinations for CRT 9021 Compatibil
ity Table 28. 

TABLE: 2B BLINK COMBINATIONS OPTION TABLE 

INPUTS CHARACTER OUTPUTS 

BLINK REVERSE BOLDI HINTI BLINK 

VIDEO WITHOUT SOLDO HINTO 
CURSOR (1) 

_A*__lB* _A* __J""B* _A*__]§* 
1 0 0 0 DATAO 0 0 0 0 
1 0 0 1 DATAO 0 0 1 1 
1 0 1 0 DATAO 1 1 0 0 
1 0 1 1 DATAO 1 1 1 1 
1 1 0 0 DATA 1 0 0 0 0 
1 1 0 1 DATA 1 0 0 1 1 
1 1 1 0 DATA 1 1 1 0 0 
1 1 1 1 DATA 1 1 1 1 1 

The Alternate Blink Combinations for CRT 9021 Com
patability Table 28 show the state of the video DATA (DATA 
= non inverted video; DATA = inverted video) during a 
character blink cycle (TIME A= OFF, TIME B =ON). The 
values of the output attributes (SOLDO, HINTO) that can 
be applied to the video DATA are determined by the state 
of the four input attributes. The BLINK = 1 inputs in Table 
28 result in a blinking character display as compared to the 
non-blinking video DATA shown in the Alternate Non-Blink 
Combinations for CRT Compatibility Table 2A. In this table, 
the SOLDO and HINTO attributes are controlled by the 
BOLD! and HINT! attributes making them truly general 
purpose. 

*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A+ B must equal 
100%) 

(1) The combinations in Table 2 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. In both cases the char
acter blinks to the background video level. A blinking cursor 
overrides a character blink for the scan lines programmed 
for cursor. A blinking cursor will introduce and then remove 
one more ir:iversion to either a non-blinking cursor or a 
blinking character. 
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TABLE 3A: NON-BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 

INPUTS OUTPUTS 

BLINK REVERSE BOLDI HINTI VIDEO SOLDO HINTO 
VIDEO 

0 0 0 0 DATA 0 0 
0 0 0 1 DATA 0 1 
0 0 1 0 DATA 1 0 
0 0 1 1 DATA 1 1 
0 1 0 0 DATA 0 0 
0 1 0 1 DATA 0 1 
0 1 1 0 DATA 1 0 
0 1 1 1 DATA 1 1 

The Non-blink Combinations for the Standard CRT 9041 
of Table 3A shows the state of the video data (DATA = non 
inverted video; DATA = inverted video) and the value of the 
output attributes (SOLDO, HINTO) that can be applied to 
the video DATA as a function of the four input attributes. 
The BLINK = O inputs in Table 3A result in a non-character 
blink display as compared to video DATA shown in the Blink 
Combinations for the Standard CRT 9041 of Table 38. 

TABLE 38: BLINK COMBINATIONS FOR THE. 
STANDARD CRT 9041 (CRT 9041-004) 

INPUTS OUTPUTS 

BLINK REVERSE BOLDI HINTI NON-CURSOR SOLDO HINTO 

_p,•__s-s; _A*~ _p,•____JEf 
1 0 0 0 DATA DATA 0 0 0 1 
1 0 0 1 DATA DATA 0 1 1 1 
1 0 1 0 DATA DATA 1 0 0 0 
1 0 1 1 DATA DATA 1 0 1 0 
1 1 0 0 DATA DATA 0 0 0 1 
1 1 0 1 DATA DATA 0 1 1 1 
1 1 1 0 DATA DATA 1 0 0 0 
1 1 1 1 DATA DATA 1 0 1 0 

The Blink Combinations for the Standard CRT 9041 of 
Table 38 shows the state of the video DATA (DATA = non 
inverted video; DATA = inverted video) during a character 
blink cycle (TIME A = OFF, TIME B = ON). The values of 
the output attributes (SOLDO, HINTO) that can be applied 
to the video DATA are determined by the state of the four 
input attributes. The BLINK = 1 inputs in Table 38 result in 
the blinking character display as compared to the non
blinking video DATA shown in the Non-Blink Combinations 
for the Standard CRT 9041 Table 3A. Since 4 levels of video 
are possible, Table 38 defines video blinking between 2 
video levels. This is shown by the explanation Table 3C 
below. It should be noted that the designation NORMAL, % 
INTENSITY, 314 INTENSITY and BOLD have been used 
arbitrarily. The actual video level caused by the SOLDO and 
HINTO are defined by the external video mixing circuit. 

TABLE3C 

BOLDO HINTO INTENSITY BLINK BETWEEN THESE 
LEVEL 2 LEVELS (OFF-ON) 

NON REVERSE REVERSE 
VIDEO VIDEO 

0 0 NORMAL (N) N-112 N - 1/2 
0 1 112 INTENSITY 1/2 - % N-% 

('/2) 
1 0 BOLD (BJ B-N B-N 
1 1 % INTENSITY %-N %-N 

(%) 



*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A+ B must equal 
100%) 

(1 )The scan lines programmed for a non-blinking cursor 
force a non-blinking or blinking character to a normal video 
level and introduce one more level of inversion. A blinking 
cursor adds one more level of inversion to the video during 
the blink time to a non-blinking or blinking character. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9041. If the 
parallel scan line input mode is used, one of four cursor for
mats may be selected as a mask programmed option for 
each cursor independently. If the serial scan line input is 
used, the cursor format is dynamically selectable on a 
character by character basis via input pins 21 and 19 (SL2/ 
BLC, SL3/BKC). See Table 4. The four cursor modes are 
as follows: 

Underline 

Blinking 
Underline 

Reverse 
Video 
Block 

Blinking 
Reverse 
Video 

- The cursor will appear as an underline. The 
position and width of the cursor underline is 
mask programmed. An underline cursor will 
add one more level of inversion to the video 
on the programmed scan line(s) for under
line cursor. 

- The cursor will appear as an underline and 
introduce and then remove one more level 
of inversion to the video on the programmed 
scan line(s) for cursor underline. The cursor 
blink rate and duty cycle is mask program
mable as outlined in Tables 1, 2 or 3. 

- The cursor will appear as a reverse video 
block. The block cursor will add one more 
level of inversion to the video for all scan 
lines in the character cell. 

- The cursor will appear as a blinking reverse 
video block. The cursor will introduce and 
then remove one more level of inversion to 
the video for all scan lines in the character 
cell. The cursor blink rate and duty cycle is 
mask programmable as outlined in Tables 
1, 2 or 3. 

In the parallel scan line mode 1t is possible to change the 
scan line count on a character by character basis. If the scan 
inputs are stable a time TS2 (figure 2) prior to the next rising 
edge of the LD/SH input the scan line count will enter the 
delay latch of the CRT 9041. In the serial scan line mode, it 
is po~sible to change the cursor format on a character by 
character basis with the timing identical to that described in 
the parallel scan line mode (TS2). This timing is shown in 
the AC timing diagram, Figure 2. 
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TABLE 4: CURSOR FORMATS 

Scan Line (PIN21) (PIN19) Cursor Function 
Input Mode SL2/BLC SL3/BKG 

1 0 Underline 
1 1 Reverse Video Block 

Serial 0 0 Blinking Underline 
0 1 Blinking Reverse 

Video Block 

Parallel x x Mask programmable 
only 

DISPLAY MODES 

Inputs MS1 and MSO select one of four display modes. All 
attributes except underline operate independent of the dis
play mode used. Figures 6a and 6b illustrate a typical CRT 
9041 configuration which operates in all display modes for 
the parallel and serial scan line modes respectively. 

MS1 ,MSO = 00-Wide Graphics Mode. 
In this display mode, inputs 011-04 define 
a graphic entity as illustrated in Table 5. 
Note that individual bits in 011-04 will 
illuminate particular portions of the char~ 
acter block. Table 5 shows all program
ming ranges possible when defining the 
wide graphics boundaries. Only under
line 2 is possible in this display mode. 

MS1 ,MSO = 10-Thin Graphics Mode. 
In this display mode inputs 011-04 define 
a graphic entity as illustrated in Table 6. 
Note that individual bits in 011-04 will 
illuminate particular horizontal or vertical 
line segments within the character block. 
Table 6 shows all programming ranges 
possible when defining the thin graphics 
boundaries. Only underline 2 is possible 
in this display mode. 

MS1 ,MSO = 01-Character Mode without Underline 1. 
In this display mode, inputs 011-04 go 
directly from the input latch to the video 
shift register via the Attributes and 
Graphics Logic. This mode requires either 
a bit mapped system RAM (1 bit in RAM 
equals 1 pixel on the CRT) or a character 
generator as shown in Figures 6a and 6b. 
Underline 2 is possible in this display 
mode. 

MS1 ,MSO = 11-Character Mode with Underline 1. 
Same operation as MS1, MSO = 01 with 
the underline attribute byte appearing on 
the scan line(s) mask programmed. 
Underline 2 is possible in this display 
mode. 
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TABLE 5: WIDE GRAPHICS MODE 

SL3-SLO ROW# C11 C10 C9 ca C7 C6 cs C4 C3 C2 C1 co BF BF ... 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 RS 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R1S 

D11 D7 

D10 D6 

D9 DS 

DB D4 

---w1-----<--------wo-------

HO, H1, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 

TABLE 6: THIN GRAPHICS MODE 

T 
H3 

+ 
H2 

+ 

f 
I 

SL3-SLO ROW# C11 C10 C9 ca C7 C6 cs C4 C3 C2 C1 co BF BF ... 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 RS 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R1S 

08 

D11 D4 

D6 

OS 

D9 

'------ L.__ 

VERTICAL HEIGHT 

D4 RO-RS 
DS R6-R1S 
010 RO-R1S* 
D11 RO-R1S* 

HORIZONTAL LENGTH 

06 C11-C7 
D7 C7-BF 
DB C11-BF* 
D9 C11-BF* 

D10 

D7 

'--------' 

HORIZONTAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

VERTICAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

--=1 
-- I 

I 
_ __:_J 

--J 
I 

___ I 
__ _J 

The height of D4 and DS, the length of D6 AND D7, and the position of 
D4-D11 are mask programmable. The values shown are for the CRT 9041-004. 
*These values are fixed 
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DOUBLE WIDTH MODE 

In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
inpu_!_Q_ulse. In order to divide the video dot clock (VDC) and 
the LO/SH pulse internally at the proper time, the cursor 
input should be pulsed during RETBL prior to the scan line 
to be displayed as double width. The CURSOR input must 
remain low for a minimum of 1 LD/SH period from the leading 
edge of RETBL. The CURSOR input can stay high for the 
entire RETBL time but should not extend into active video. 
If it does, a cursor will be displayed. It is assumed that the 
CRT controller knows when a particular scan line should be 
double width and it should activate the CURSOR in the 
manner just described. Double height/double width 
characters can also be displayed if the scan line count is 
incremented by the CRT controller every other scan line. 
Figure 5 illustrates timing for both single and double width 
modes. The CRT 9007, which supports double height 
double width characters, will produce the cursor signal as 
required by the CRT 9041 with no additionar hardware. It 
should be noted that the XCURSOR input will not affect the 
double width logic on the CRT 9041 in any way. 

SCAN LINE INPUT MODES 

Scan line information can be introduced into the CRT 9041 
in parallel format or serial. Table 7 illustrates the pin definition 
as a function of the scan line input mode. The CRT 9041 
will automatically recognize the scan line mode by observing 
the activity on pin 22. In parallel mode, this input will be active 
low for at least 1 scan line and in serial mode this input will 
remain low for about 5 or 6 LD/SH periods. If pin 22 goes 
active low for less than seven but more than two continuous 
LD/SH periods during the last scan line that has an active 
low on the VSYNC input, the serial mode will be locked in 
for the next frame. The parallel scan line input mode will be 
selected for the next frame if the following two conditions 
occur during the VSYNC low time. First, at least one positive 
transition must occur O_!'.!Fin 22 and second, pin 22 must be 
low for seven or more LD/SH periods. Refer to Figure 4 for 
timing details. Whenever the CRT 9041 detects a change 
of scan line modes (from parallel to serial or visa versa), the 
internal blink counter will be initialized to a known count 
value.* This allows the user to ·achieve phase 
synchronization of the blink rates from two or more CRT 
9041 's. This is useful if one multiplexes alternate dots from 
two CRT 9041 's to double the allowable video dot rate. 
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TABLE 7~ PIN DEFINITION FOR PARALLEL 

Scan Line CRT 9041 Pins 
Input Mode 23 22 21 19 

Serial SLD SLG BLC BKC 

Parallel SLO SL1 SL2 SL3 

*Note: Product with this feature will be available for release 
in fourth quarter of 1984. 

DOT STRETCH 

Dot stretch is a mechanism whereby a single illuminated 
dot will never stand alone in the video stream. This 
eliminates the intensity variation otherwise found between 
single and multiple dots by raising the intensity level of single 
dots up to the level of consecutively displayed dots. To 
accomplish this, each illuminated dot (represented by a logic 
"1 ")will be extended into the next dot position. The following 
example illustrates the dot stretch mechanism. 

Input bit pattern (011-DO) 
Output bit pattern 

100101100100 
110111110110 

For reverse video, logic "O" 's are stretched (logic "1" 
represents the background of the reverse video character). 
The following example illustrates the mechanism in reverse 
video. 

Input bit pattern (011-DO) 
Reverse video pattern 
Output bit pattern 

010011001000 
1 0 1 1 0 0 1 1 0 1-1 1 
100100010011 

In all cases, the next load of the shift register will always 
load the D11 bit to the output regardless of the value of the 
video output prior to the load. This dot stretch mechanism 
can be enabled on a character by character basis (or scan 
line by scan line) and is controlled by the DST input which 
is updated each LD/SH period. The dot stretch signal enters 
the CRT 9041 with the D11-DO inputs. In all cases, backfill 
(BF) is not affected by the dot stretch input. 

BACKFILL 

Backfill is a mechanism that allows a character width of 
greater than 12 dots and provides dot information (usually 
blanks) for all dots b~nd 12. The character width is defined 
by the period of the LO/SH input. For the character modes, 
backfill is added to the end of the character by two methods 
which are mask programmable. 

Method A- The backfill (BF) dots will be the same as 
the dot displayed in position C11. 

Method B- The backfill (BF) dots will be the same as 
the dots displayed in position CO. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature in Range ......................................................................... 0° C to + 70°C 
Storage Temperature Range ......................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .......................................................................... +325°C 
Positive Voltage on any Piri, with respect to ground ................................................................ +av 
Negative Voltage on any Pin, with respect to ground ............................................................. - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this spec
ification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on 
the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL c·HARACTERISTICS (TA = 0°C to 70°C, V cc = + 5V ± 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level v,L 0.8 v 
High Level v,H, 2.0 v 
High Level V1H2 4.3 v 

OUTPUT VOLTAGE LEVELS 
Low Level V0L 0.4 v 
High Level V 0H 2.4 v 

INPUT LEAKAGE CURRENT 
Leakagell1 10 µA 
Leakage IL2 50 µA 

INPUT CAPACITANCE 
C1N1 10 pf 
C1N2 35 pf 
C,N3 35 pf 

POWER SUPPLY CURRENT 
Ice 95 mA 

AC CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT 

VDC1 1.0 33.0 MHZ 
1 /tcy1 voe frequency 1.0 30.0 MHZ 

1.0 28.5 MHZ 
tcKL voe IOW 10 ns 
tcKH voe high 10 ns 
tCKR voe rise time 10 ns 
tcKF VDC fall time 10 ns 

LD/SH 
tcv2 250 ns 

270 ns 
300 ns 

ts, 7 ns 
tH1 0 ns 

INPUT SETUP AND HOLD 
ts2 60 ns 

80 ns 
110 ns 
35 ns 

tH2 10 ns 
MISCELLANEOUS TIMING 

tpo 30 ns 
33 ns 
35 ns 

tow tcv2 
(1) When mask programmed for CRT 9021 compatibility TCY2 will be slower. 
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COMMENTS] PRELIMIN 
Notice: This is not . ~RY 

Some parametric limit a final s~ecification 
s are subiect to change. 

All inputs except VDC, LD/SH 
For VDC, LD/SH input 

loH = 0.4 mA 
loH = 100µA 

O~V,N<Vcc; excludin9-Y_DC, LD/SH 
O~V,N~Vcc; for VDC, LD/SH 

Excluding VDC, LD/SH 
LD/SH 
voe 

COMMENTS 

CRT9041A 
CRT9041B 
CRT9041C 

Measured from 10% to 90% points 
Measured from 90% to 10% points 

CRT9041 A (1) 
CRT9041 B (1) 
CRT9041 C (1) 

CRT9041A} 
CRT9041B For inputs SLG, SLD, VSY 
CRT9041C 
For all other inputs except VDC, LD/SH 

CRT9041A 
CRT9041B 
CRT9041C 



VDC 

WISH 

ALL INPUTS 
(EXCEPT VDC, WISH) 

VDC 

VIDEO OR 
HINTO 
BOLDO 
GP10 
GP20 

RETBL 

CURSOR 
(FOR DOUBLE WIDTH) 

WISH 

SL11SLG 

LDISH 

SLD 

i----tcv1' __ _ 

i---ls2-----

C.~=1-
FIGURE 2: CRT 9041 INPUT/OUTPUT TIMING 

FIGURE 3: SERIAL SCAN LINE MODE TIMING 

I 

STABLELOW~7LDSH ;,;------

t~ l 
SET SERIAL 

SCAN LINE MODE 

SET PARALLEL 
SCAN LINE MODE 

FIGURE 4: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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w 

I co 
~ 

LO/SH 

RETBL 

I I I I I I I I I I I 

I I I I : : I I : : : 

_J I I I ~ I I I I I I 1 
I I I 1\ 1 I I I I I I 
I I I I t I I 1 

I 1 I I I I 1 I 1 
I t I I I I t t I 

011-00 
(NORMAL) 

WIDTH 

I t I t I I I t I 
------ r---"\ r---"\ r----'\ 

CHAR N X X X CHAR 2 

011-00 
(DOUBLE) 

WIDTH 
CHAR N/2 x x x 

Dl11-D10 
(NORMAL) 

WIDTH 

0111-010 
(DOUBLE) 

WIDTH 

x x x 

I ' I l : i ! ! i I __ ___. __ __,x x CHAR 0 x CHAR 1 ~ 

I I I I 

CHAR N/2 

VIDEO 
I I 
I I 

(NORMAL) 
WIDTH 

BLANKING 

VIDEO 

(
DOUBLE) VIDEO (N/2-1) 
WIDTH '--~~~~~....._~~~~~~~~~~~-'-~~---,-~~--!~~~....,.....-~~J 

ATTRIBUTE IN' 

( NORMAL) 
WIDTH 

ATTRIBUTE OUT' 

( NORMAL) 
WIDTH 

ATTRIBUTE IN' 

( DOUBLE) 
WIDTH 

ATTRIBUTE OUT' 

( DOUBLE) 
WIDTH 

~ : I 
X X X ATT 0 x ATT 1 '[_ 

1-Attributes include MSO, MSI, BLINK, CHABL, HINT, BOLD, REVID and XCURS 

FIGURE 5: CRT 9041 FUNCTIONAL 1/0 TIMING 



PROGRAM OPTIONS 

The CRT 9041 has a variety of mask programmed options. Tables 8 and 9 illustrate the range of these options for the wide 
and thin graphics modes respectively. Table 10 illustrates the range of the miscellaneous other mask programmed options. 
In addition, Tables 8, 9 and 10 show the mask programmed options for the CRT 9041-004. 

TABLE 8: WIDE GRAPHICS 
MASK PROGRAMMING OPTIONS 

OPTION CHOICES CRT 9041-004 

Height of Graphic 
block* 

D11 AND D7 any scan line(s) RO,R1 ,R2 
D10 AND D6 any scan line(s) R3,R4 

D9 AND DS any scan line(s) R5,R6 
DB AND D4 any scan line(s) R7 thru R15 

Width of graphic any consecutive C11 thru C7 
block** dots 

D11,D1 O,D9,D8 C11 thru CO 

D7,D6,D5,D4 all remaining dots C6 thru CO 
not specified above plus BF 

*Any graphic block pair can be removed by programming for zero scan 
lines. 

**Total number of dots for both must be equal to the total dots per char
acter with no overlap. 011,010,09 and DB must always be to the left 
of 07-04. 

WIDE GRAPHICS 

SL3-SLO ROW# C11 C10 C9 ca C7 C6 C5 C4 C3 C2 C1 co BF BF ... 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 RS 
0110 R6 
0111 R7 
1000 RS 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

011 07 

010 06 

09 05 

08 04 

W1 J. WO "T 

HO, H1, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 
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TABLE 9: THIN GRAPHICS 
MASK PROGRAMMING OPTIONS 

OPTION CHOICES STANDARD CRT 9041-004 

Backfill any dot(s) within the pro-
grammed D7 range to the right 
of the programmed column(s) 
forD11. co 

Horizontal position for 
D6and D7 any scan line(s) RO-R1S RS 
D8 any scan line(s) RO-A 1 S RO 
D9 any scan line(s) RO-R1S R9 

l'lorizontal length for 
D6(1) any consecutive dots C11 thru C7 
D7(1) all dots not covered by D6 with 

one dot overlapping. C7thru BF 
Blanked dots for serrated horizontal lines 

D6 any dot(s), BF programmed none 
D7 any dot(s), BF programmed none 
D8,D9 any dot(s), BF programmed none 

Vertical position for: 
D4and DS any dot(s) C11-CO,BF C7 
D10(2) any dot(s) C10-CO,BF C3 
D11 (2) any dot(s) C11-CO C11 

Vertical length for: 
D4 any scan line(s) ROthru RS 
DS any scan lines not in D4 R6thru R1S 
D10 no choice; always RO thru R1 S ROthru R1S 
D11 no choice; always RO thru R 1 S ROthru R1S 

(1) 06 and 07 must always overlap by 1 dot. This overlap may be blanked by specifying the proper column(s) in the serration 
program line. 07 must always be to the left of 06. 

(2) 011 must always come before 010 with no overlap: otherwise 010 is lost. 

THIN GRAPHICS 

SL3-SLO ROW# C11 C10 C9 ca C7 C6 cs C4 C3 C2 C1 co BF BF 

0000 RO DB 
0001 R1 
0010 R2 
0011 R3 

D11 

0100 R4 
0101 RS D6 
0110 R6 
0111 R7 
1000 RB 
1001 R9 D9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R1S 

'----

VERTICAL HEIGHT ===i D4 RO-RS 

D4 D10 
I DS R6-R1S 

I 
D10 RO-R1S 

_ _J 
D11 RO-R1s· 

D7 --_j HORIZONTAL LENGTH 

DS I D6 C11-C7 
___ I D7 C7-BF 
__ _J DB C11-BF• 

D9 c11-BF· 

'------.J '------.J 

The height of D4 and DS, the length of D6 AND D7, and the position of 
D4-D11 are mask programmable. The values shown are for the CRT 9041-004. 
•These values are fixed 
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HORIZONTAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

VERTICAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 



TABLE 10: MISCELLANEOUS MASK PROGRAMMING OPTIONS 

OPTION CHOICES "STANDARD" CRT 9041-004 

Backfill in character mode C11 or CO C11 

Character blink rate 48 
(division of VSYNC frequency) 

8 to 60 even numbers 
(7.5 Hz to 1 Hz) (1) (1.25Hz) (1) 

Cursor blink rate (2) same as, half, or twice the charac
ter blink rate 

(2.50 HZ) (1) 

Character blink duty cycle 50/50 or 75/25 50/50 

Cursor blink duty cycle 50/50 or 75/25 50/50 

Character underline 1 position any scan line(s) RO thru R15 RB 

Character underline 2 position any scan line(s) RO thru R15 R10 

Cursor underline position any scan line(s) RO thru R15 R9 

Extra cursor underline position any scan line(s) RO thru R15 R11 

Cursor format (3) underline 
blinking underline 
reverse video block 

blinking reverse 
video block 

blinking reverse video block 

Extra cursor format (3) underline 
blinking underline 
reverse video block 

blinking 
underline 

Blink table 

blinking reverse video block 

Table 1 
Table 2 
Table 3 

Table 3 

CURSOR or XCURSOR effect on no effect or force to zero at cursor force to zero at cursor position. 
SOLDO and HINTO position 

(1) Assumes VSYNC input frequency of 60 HZ. 
(2) Valid only if the cursor is formatted to blink. 
(3) Valid for the parallel scan line mode only . 

.----~~·--·W~ifr---

~4 

oT:: ~ oeo, 7 "''"'°·'" 
v H ----y~" CHARACTER -y 

SYSTEM RAM 

OR 

ROM 
CRT 9041 

~ VAC 

SINGLE ROW 
BUFFER 

OR 

DOUBLE ROW 
BUFFER 

F~~,M I i~~:~0---------~~~ ~~:-~~a 
CONTROLLER RETBL RETBL 

CURSOR CURSOR 
i--<-+------------------iMSO 

VIDEO ~VIDEO 
HINTO TO MONITOR 
BOLDO 

1---+------------------i MSI 
1---+------------------i BLINK 
!---+---------------- CHABL 
!---+--------------- HINTI 
!---+--------------- BOLDI 
1---+---------------RS 
1---+----------------. XCURS/GP1 I 
1-----+---------------i UL2/GP21 
l---+---------------1 REVID 
1-----+---------------iATIEN 

'-----------------i CBSH l ~-----voe 
CLOCK l 

GENERATORj 

FIGURE 6a: CRT 9041 SYSTEM CONFIGURATION IN 
PARALLEL SCAN LINE MODE 
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SYSTEM RAM 

OR 

SINGLE ROW 
BUFFER 

OR 

DOUBLE ROW 
BUFFER 

::;._ 
Oa: 
ff:u 

r---

-1\ THREE t---

-vi STATE f-
DRIVER 

NP-
r-

L I--
A 

-1\. t .,___ ~ 
OE t-

-y" H 

:r -v v-" CHARACTER ) 011-DO. DST 
'CK ROM -y 

7 
4 --1\. 
? r-----v CRT9041 

VAC 
r"' D 

t l '" SLG 
SLD SLD 

VSYNC -<l VSYNC VIDEO 
HINTO 

RETBL RETBL BOLDO 
CURSOR CURSOR 

MSO 
MSI 
BLINK 
CHABL 
HINTI 
BOLDI 
RS 
XCURS/GP1 I 
UL2/GP21 
REVID 

...., ATTEN 

l 
05/SH 

l voe 

r J 
BKC BLC 

CLOCK 
GENERATOR PROGRAMMED ~ J FOR CURSOR .. 

FORMAT l 

FIGURE 6b: CRT 9041 SYSTEM CONFIGURATION IN 
SERIAL SCAN LINE MODE 

trJ- VIDEO 
TO MONITOR 

I--- GP10 
I--- GP20 

35~Cl.ISllM:l~N'f11788 
t516!273·3100 TWX·510·227"8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 

( 

CRT9212 
µPC FAMILY 

Double Row Buffer 
ORB 

FEATURES 

D Low Cost Solution to CRT Memory 
Contention Problem 

D Provides Enhanced Processor Throughput for 
CRT Display Systems 

D Replaces Shift Registers or Several RAM and 
Counter !C's in CRT Display System 

D Permits Display of One Data Row While Next 
Data Row is Being Loaded 

D Data May be Written into Buffer at Less Than 
the Video Painting Rate 

D Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

D Permits Active Video on All Scan Lines of 
Data Row 

D Dynamically Variable Number of Characters 
per Data Row-... 64, 80, 132, ... up to 
a Maximum of 135 

D Cascadable for Data Rows Greater than 
135 Characters 

D Stackable for "Invisible Attributes" 
or Character Widths of Greater than 8 Bits 

PIN CONFIGURATION 

DIN2 1 28 DIN3 
DIN1 2 27 WCLK 
DINO 3 26 OE 

DOUT7 4 25 WEN2 

DOUT6 5 24 WEN1 

DOUT5 6 23 GND 
DOUT4 7 22 ROF 

Vee 8 21 WOF 

DOUT3 9 20 REN 

DOUT2 10 19 CLRCNT 
DOUT111 18 TOG 
DOUTO 12 17 RCLK 

DIN713 16 DIN4 
DIN614 15 DINS 

PACKAGE 28-pin D.l.P. 

D Three-State Outputs 

D Up to 4 MHz Read/Write Data Rate 

0 Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 

D 28 Pin Dual-In-Line Package 

D + 5 Volt Only Power Supply 

D TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9212 Double Row Buffer (ORB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis
play systems. 

The CRT 9212 ORB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys
tem as two octal shift registers of dynamically vari
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 

while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk OMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 

399 

I 



ADDRESS 
COUNTER 2 ADDR?-0 

FIGURE 1: 

RAM1 
135x8 

l/OCONTROL 

l/OCONTROL 

RAM2 
.135x8 

CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 

CL RC NT 

INTERNAL 
CLRCNT 

REN 

INTERNAL 
REN 

~ ,.._, ..... 
\._,,•_ - - --' 

INTERNAL --""77:777:777:777:777:\ ..------.. .----.. .----.. 1--..... 

RAMADDR ADDRO 
(READ) __ ....._......_......_......_.....,_,. '-------J 

DOUT?-0 

ll 

OCTAL 
2-1 

MUX 

READ/WRITE 
CONTROL 

ROF ~~ ................... ~-------------------------------------------(l~------~ 

DOUT?-0 

t+----TOG 

----CLRCNT 

----OE 

t+---- RCLK 

----REN 

----WCLK 

~---WEN1 

----WEN2 

t----ROF 

1-----woF 

FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 

PINNO. NAME SYMBOL FUNCTION 
3-0, 28, Data inputs DINO-DIN? DINO-DIN? are the data inputs from the system memory. 
16-13 

12-9, 7-4 Data outputs DOUTO- DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
DOUT7 latch. Valid information will appear on DOUTO-DOUT7 two RCLK periods after 

the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 

17 Read Clock RCLK RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 

18 Toggle Signal TOG "iCJG alternates the function of each buffer between read and write. TOG nor-
mallY. occurs at every data row boundary. Switching of the buffers occurs when 
both "iCJG and CLRCNT are low. 

19 Clear Counter CLRCNT Clear Counter clears the current "read" address counter at the next RCLK posi-
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current "write" address counter when the 
TOG is active. 

20 Read Enable REN REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 

21 Write Overflow WOF WOF high indicates that data is being written into the last memory position (posi-
tion 135). When WOF is high, further writing into the selected "write" buffer is dis-
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac-
ters are desired. See figure 4. 

22 Read Overflow ROF The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
"read" buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUT0-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 

24,25 Write Enable WEN1, WEN allows input data to be written into the selected "write" buffer during WCLK 
WEN2 active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 

internal pullup resistor allowing it to assume a high if pin 24 is left open. 

26 Output Enable OE When the OE input is low, the data outputs DOUTO-DOUT7 are enabled. When 
OE is high, DOUTO-DOUT7 present a high impedance state. OE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 

27 Write Clock WCLK WCLK clocks input data into the selected "write" buffer and increments the cur-
rent "write" address register when WEN1 and WEN2 are high. 

8 Power Supply Vee + 5 Volt supply 
23 Ground GND Ground 

OPERATION 

Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive dr until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle Signal (TOG) will .9.9.JQ.w. When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a "write buffer" to a "read buffer", 
permitting the next row of data to be written into the other 
buffer. Data from the current "read" buffer is read out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 

the buffer RAM causes the "read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present "read" address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal "read" 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212's to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ........................................................................ 0°C to + 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 8.0V 
Negative Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA= 0°C to 70°C, Vee= + SV ± 5%) 

PARAMETER MIN TYP MAX 

DC CHARACTERISTICS 
INPUT VOLT AGE LEVELS 

Low Level v,L 0.8 
High Level V1H1 2.0 
High Level V1H2 4.2 

OUTPUT VOLTAGE LEVELS 
Low Level Vol 0.4 
Hig_h Level V oH 2.4 

INPUT LEAKAGE CURRENT 
High Leakage ILH1 10 
Low Leakage ILu 10 
High Leakage ILH2 400 
Low Leakage ILL2 400 

INPUT CAPACITANCE 
CIN1 10 
CIN2 15 

POWER SUPPLY CURRENT 
Ice 100 

AC CHARACTERISTICS1. 

tcvw 300 
tcvR 300 
tCKH 247 DC 
tCKL 33 
tCKR 10 
tcKF 10 
tcs 50 
tDH 0 
tEN12 0 
tEN22 100 
tENH2 0 
lcv 175 
loo FF 175 
tcoN 175 
foPJ 175 
lcs 100 
tcH 0 
twr4 1tcvw 

1 - Reference points for all AC parameters are 2.4V high and 0.4V low. 
2 - For REN, referenced from R'CLK; for WEN1 or WEN2 referenced to WCIK 
3 - For ROF, referenced from RCIK; for WOF referenced from WCD<. 

UNITS COMMENTS 

v 
v excluding RCO<; WCD< 
v R'CLK,WCD<: 

v 
v 

µA excluding OE 
µA excluding WEN1 
µA WEN1 
µA OE 

pF excluding RCO<, WCO< 
pF RCLK, WC0<: 

mA 

ns Write clock period 
ns Read clock period 
ns 
ns 
ns measured from 10% to 90% points 
ns measured from 90% to 10% points 
ns referenced to WCLK 
ns referenced to WCO< 
ns 
ns 
ns 
ns CL = 50 pF; referenced from RCLK 
ns 
ns 
ns CL= 30 pF 
ns 
ns 

4 - At least 1 WCLK rising edge must occur between CIRCNT or "fl>"G (whichever occurs last) and WEN ( = WEN1-WEN2). 
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MEMORY 
ROM 
RAM 

VIDEO RAM 

PROCESSOR 
µPlµC 

INTRJ-----------------, 

ACK 1---------. 

DMARO----~ 

OMAR ACK ~ST +5V GND 

WBENrnm VLT 

CRT9007 
VPAC~ 

ATTRIBUTES 
CRT9212 
DOUBLE 

ROW BUFFER 

CRTB002 
VDAC'" 

CHARACTER/ATTRIBUTES 
GENERATOR 

voci------' 

VIDEOt-------~iNITOR 

FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC™ 

----------tcvw. tcvR----------

RCLKORWCLK 

DIN7-0 

REN, WEN 1, 2 

DOUT7-0 VALID DATA OUT 

WOF, ROF 

WEN1,2 

FIGURE 6: CRT 92121/0 TIMING 
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I I 
I I 

~t~1f S~ 11 II II! II! I)///!/! II I!! I! Ill! !///Ji 
I I 

ADDRO ~ ADDR2 c 
WEN ~~~~--. ------~~----------~ 

(=WEN 1·WE_N_2) _______ _,/ \___} 

INTERNAL 
WEN 

DIN?-0 

INTERNAL 

WRITE DATA ------------' '----'~--' ""'"'""""~'---' 

WOF 

~ 
.~ 

* in general WCLK and RCLK can be different 

FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 

+SV WEN1 
WEN2 9212 
RCLK "A" 
WCLK 

REN 

DIN?-0 DOUT?-0 

CLRCNT ROF 

TOG WOF 

WEN1 

WEN2 9212 
RCLK "B" 
WCLK 
REN 

DIN7-0 DOUT?-0 

CLRCNT 
TOG 

FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 
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l?DC179l 

~ Floppy Disk/Hard Disk 

Floppy Disk Controller/ 
Formatter 
Floppy Disk Controller/ 
Formatter 
Floppy Disk Controller/ 
Formatter 
Floppy; DfskCqritroner/ 
Formatter · · 
FloppyJ:>tsltCoI:ttroller/ 
Forma.tter 
Floppy DiSk Coritrouert 
Formatter 
FloppyDisk controller/ 
Formatter 
Micro Floppy D~k 
Controller Formatter 
Floppy Disk Data Separator 
Flo:P:PY I)isk Data Separator, 
l{eai;t. !,()ad Timer, write 
precompensation generator 
Floppy Dt~lfCoritr6Uer ·•· 
Formatter 
Floppy Disk Qdritrqller 
Formatter. 
Flpppy Disk Controller 
Forma.tter 
Floppy Dis~.Cqntr611e:r 
Formatter · · · · 
Hard Disk Controller 
HB.rd/Floppy Dtsk QOJ\tr9ller 
Up ti:> 4 dl'iyf;S wttb, tape 
back'.'up. 

Side Select Power 
OUtput Supplies Package 

Yes +5 40DIP 
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STANDARD MICROSYSTEMS 
CORPORATION~jiiiiii!iiiii!!i 

FDC765A 
FDC7265 

Single/Double Density Floppy Disk Controller 

FEATURES PIN CONFIGURATION 
D IBM Compatible in both Single and Double Density 

Recording Formats (FDC765A) 
D Sony (EMCA) Compatible Recording Format 

(FDC7265) 
D Programmable Data Record Lengths: 128, 256, 512, or 

1024 Bytes/Sector 
D Multi-Sector and Multi-Track Transfer Capability 
D Drive Up to 4 Floppy Disks 
D Data Scan Capability-will scan a Single Sector or an 

entire cylinder's worth of data fields, comparing on a 
Byte by Byte Basis, data in the Processor's Memory 
with data read from the Diskette 

D Data Transfers in OMA or Non-OMA Mode 
D Parallel Seek Operations on up to four drives 
D Compatible with Most Microprocessors 
D Single Phase 8 MHz Clock 
D Single + 5 Volt Power Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D Available in 40-Pin Dual-in-Line Package 

RESET 1 
RD 2 
WR 3 
cs 4 

Ao 
080 

DB, 7 
DB2 8 
DB3 9 
DB4 10 
DB5 11 
DB6 12 
DB7 13 

DRQ 14 
DACK 15 

TC 16 
IDX 17 
INT 18 

CLK 19 
GND 20 

40 Vee 
39 RW/SEEK 
38 LCT/DIR 
37 FR/STP 

36 HDL 
35 ROY 
34 WP/TS 
33, FLT/TR0 

D 
32 PS0 

31 PS, 
30 WDA 

29 US0 

28 us, 
27 HD 
26 MFM 
25 WE 

24 vco 
23 RD 
22 ROW 
21 WCK 

GENERAL DESCRIPTION 

The FDC765 is an LSI Floppy Disk Controller (FDC) Chip, 
which contains the circuitry and control functions for inter
facing a porocessor to 4 Floppy Disk Drives. It is capable of 
supporting either IBM 3740 single density format (FM), or 
IBM System 34 Double Density format (MFM) including 
double sided recording. The FDC765 provides control sig
nals which simplify the design of an external phase locked 
loop, and write precompensation circuitry. The FDC sim
plifies and handles most of the burdens associated with 
implementing a Floppy Disk Interface. 

The FDC7265 is an addition to the FDC family that has been 
designed specifically for the Sony Micro Floppydisk® drive. 
The FDC7265 is pin-compatible and electrically equivalent 
to the 765A but utilizes the Sony recording format. The 
FDC7265 can read a diskette that has been formatted by 
the FDC765A. 

Hand-shaking signals are provided in the FDC765/ 
FDC7265 which make OMA operation easy to incorporate 
with the aid of an external OMA Controller chip. The FDC 
will operate in either OMA or Non-OMA mode. In the Non
DMA mode, the FDC generates interrupts to the processor 
every time a data byte is available. In the OMA mode, the 
processor need only load the command into the FDC and 
all data transfers occur under control of the FDC765/ 

FDC7265 and OMA controller. 

There are 15 separate commands which the FDC765/ 
FDC7265 will execute. Each of these commands requires 
multiple 8-bit bytes to fully specify the operation which the 
processor wishes the FDC to perform. The following com
mands are available: 
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Read Data 
Read ID 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 

Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate (Restore to Track 0) 
Sense Interrupt Status 
Sense Drive Status 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read electron
ics. The track stepping rate, head load time, and head 
unload time may be programmed by the user. The FDC765/ 
FDC7265 offers many additional features such as multiple 
sector transfers in both read and write with a single com
mand, and full IBM compatibility in both single and double 
density models. 
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Vee 

GND 

---

DBo.7 

M'EMR 
iOR 
MEMW 
iOW 
cs 
HRQ 

HLDA 

OMA 
CONTROLLER i5ACi( 

TC 
TERMINAL 

COUNT 

REGISTERS 

SERIAL 
INTERFACE 

CONTROLLER 

DRIVE 
INTERFACE 

CONTROLLER 

BLOCK DIAGRAM 

MEMORIES 

8080 SYSTEM BUS 

Ao 

DBo.7 

R5 
WFi 
cs 
INT 

RESET READ 
DATA 

SYSTEM CONFIGURATION 
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READY 

WRITE PROTECT/TWO SIDE 
INDEX 
FAULT/TRACK 0 

UNIT SELECT 0 

UNIT SELECT 1 
MFMMODE 

RW1sEEK 
HEAD LOAD 
HEAD SELECT 

LOW CURRENT/DIRECTION 
FAULT RESET/STEP 

DRIVE 
INTERFACE 



DESCRIPTION OF PIN FUNCTIONS 

PIN INPUT/ CONNECTION 
NO. SYMBOL NAME OUTPUT TO FUNCTION 

1 RST Reset Input Processor Places FDC in idle state. Resets 
output lines to FDD to "O" (low). 
Does not effect SAT, HUT or HLT 
in Specify command. If ROY pin is 
held high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 

2 RD Read lnputCD Processor Control signal for transfer of data 
from FDC to Data Bus, when 
"O"(low). 

3 WR Write lnputCD Processor Control signal for transfer of data to 
FDC via Data Bus, when "O" (low). 

4 cs Chip Select Input Processor IC selected when~· (low), 
allowing RD and WR to be 
enabled. 

5 Ao Data/Status Reg Input© Processor Selects Data Reg (Ao = 1) or 
Select Status Reg (A0 = 0) contents of 

the FDC to be sent to Data Bus. 
6-13 DB0-DB1 Data Bus lnputCD Processor Bi-Directional 8-Bit Data Bus. 

Output 
14 DRQ DataDMA Output OMA OMA Request is being made by 

Request FDC when DRW = "1'. 
15 DACK OMA Input OMA OMA cycle is active when "O" (low) 

Acknowledge and Controller is performing OMA 
transfer. 

16 TC Terminal Count Input OMA Indicates the termination of a DMA 
transfer when "1" (high). It 
terminates data transfer during 
Read/Write/Scan command in 
OMA or interrupt mode. 

17 IDX Index Input FDD Indicates the beginning of a disk 
track. 

18 INT Interrupt Output Processor Interrupt Request Generated by 
FDC. 

19 CLK Clock Input Single Phase 8 MHz Squarewave 
Clock. I 

20 GND Ground D.C. Power Return. 
21 WCK Write Clock Input Write data rate to FDD. FM = 500 

kHz, MFM = 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 

22 ROW Read Data Input Phase Lock Loop Generated by PLL, and used to 
Window sample data from FDD. 

23 ADD Read Data Input FDD Read data from FDD, containing 
clock and data bits. 

24 vco VCOSync Output Phase Lock Loop Inhibits VCO in PLL when "O" 
(low), enables VCO when 'T' 

25 WE Write Enable Output FDD Enables write data into FDD. 
26 MFM MFMMode Output Phase Lock Loop MFM mode when "1," FM mode 

when "O." 
27 HD Head Select Output FDD Head 1 selected when "1" (high). 

Head 2 selected when "O" (low). 
28,29 US,, USo Unit Select Output FDD FDD Unit Selected. 

30 WDA Write Data Output FDD Serial clock and data bits to FDD. 
31, 32 PS,, PS0 Precompensation Output FDD Write precompensation status 

(pre-shift) during MFM mode. Determines 
early, late, and normal times. 

33 FLT/TR0 Fault/Track 0 Input FDD Senses FDDfault condition, in 
Read/Write mode; and Track 0 
condition in Seek mode. 

34 WP/TS Write ProtecU Input FDD Senses Write Protect status in 
Two-Side Read/Write mode; and Two Side 

Media in Seek mode. 
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DESCRIPTION OF PIN FUNCTIONS 
PIN INPUT/ 

NO. SYMBOL NAME OUTPUT 

35 ROY Ready Input 

36 HDL Head Load Output 

37 FR/STP Fit Reset/Stop Output 

38 LCT/DIR Low Current/ Output 
Direction 

39 RW/SEEK Read Write/SEEK Output 

40 Vee +5V 
Note: CD Disabled when CS = 1. 

DESCRIPTION OF INTERNAL REGISTERS 

The FDC765A/7265 contains two registers which may be 
accessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com
mand. The Status Register may only be read and used to 

The bits in the Main Status Register are defined as follows: 

BIT NUMBER NAME SYMBOL 
DBo FDDO Busy D0B 

DB, FDD 1 Busy D,B 

DB2 FDD 2 Busy D2B 

DB3 FDD3 Busy D3B 

DB. FDC Busy CB 

DBs Execution Mode EXM 

DBs Data Input/Output DIO 

DB, Request for Master ROM 

CONNECTION 
TO FUNCTION 

FDD Indicates FDD is ready to send or 
receive data. 

FDD Command which causes read/ 
write head in FDD to contact 
diskette. 

FDD Resets fault F.F. in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 

FDD Lowers Write current on inner 
tracks in Read/Write mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 

FDD When "1" (high) Seek mode 
selected and when "O" (low) Read/ 
Write mode selected. 
DC Power. 

facilitate the transfer of data between the processor and 
FDC. 
The relation§bill between the Status/Data registers and the 
signals RD, WR, and A0 is shown below. 

Ao RD WR FUNCTION 
0 0 1 Read Main Status Register 
0 1 0 Illegal 
0 0 0 Illegal 
1 0 0 Illegal 
1 0 1 Read from Data Register 
1 1 0 Write into Data Register 

DESCRIPTION 
FDD number 0 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
A read or write command is in process. FDC will not accept 
any other command. 
This bit is set only during execution phase in non-OMA mode. 
When DB5 goes low, execution phase has ended, and result 
phase was started. It operates only during NON-OMA mode 
of operation. 
Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "O", then transfer is from the 
Processor to Data Register.· 
Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 

The 010 and ROM bits in the Status ~istsi..!lndicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or\ VR during command or result phase and DIO and ROM getting set or reset is 12 µQ.,_for 
this reason every time Main Status Register >read the CPU should wait 12 µs. The max time from the trailing edge of the last RD in 
the result phase to when DB. (FDC Busy) got:s low is 12 µs. . 
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Data In/Out 
(DIO) Out Processor and Into FDC 

COMMAND SEQUENCE 
Out FDC and Into Processor 

L_ 
Ready / i : 

RequestforMaster II II nl II i Ji 
(ROM) I ~ ~ : µ !-+-1 ! 

The FDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer from the 
processor, and the result after execution of the command 
may also be a multi-byte transfer back to the processor. 
Because of this multi-byte interchange of information 
between the FDC and the processor, it is convenient to con
sider each command as consisting of three phases: 

1 Ready 1 1 / ' ' I 1 1 I 
WR I / : : l I : : I I I : 

-~I 
RD~: 

I A I B I A Isl A I c I D I c I Disl A I 
Notes: [El -Data register ready to be written into by processor 

[[] -Data register not ready to be written into by processor 

[f] -Data register ready for next data byte to be read by the processor 

@] -Data register not ready for next data byte to be read by processor 

Command Phase: The FDC receives all information 
required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation 
it was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping 
information are made available to 
the processor. 

COMMAND SYMBOL DESCRIPTION 
SYMBOL NAME DESCRIPTION 

Ao Address Line 0 Ao controls selection of Main Status Register (Ao = O} or Data Register 
(Ao= 1). 

c Cylinder Number C stands for the current/selected Cylinder (track} number 0 through 76 of 
the medium. 

D Data D stands for the data _Q_attern which is goin_g_ to be written into a Sector. 
D1-Do Data Bus 8-bit Data Bus, where 0 7 stands for a most significant bit, and 0 0 stands for a 

least sig_nificant bit. 
DTL Data Length When N is defined as 00, DTL stands for the data length which users are 

goil}g to read out or write into the Sector. 
EQT End of Track EOT stands for the final Sector number on a Cylinder. During Read or Write 

o_e_eration FDC will sto_e_ date transfer after a sector # equal to EOT. 
GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this value 

determines the number of bytes that VCOs will stay low after two CRC bytes. 
Durin_[ Format command it determines the size of G<!e_ 3. 

H Head Address H stands for head number O or 1, as ~ecified in ID field. 
HD Head HD stands for a selected head number O or 1 and controls the polarity of pin 

27. (H = HD in all command words.} 
HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 

increments}. 
HUT Head Unload Time HUT stands for the head unload time after a read or write operation has 

occurred (16 to 240 ms in 16 ms increments}. 
MF FM or MFM Mode If MF is low, FM mode is selected, and if it is h!.g_h, MFM mode is selected. 
MT Multi-Track If MT is high, a multi-track operation is to be performed. If MT = 1 after 

finishing Read/Write operation on side O FDC will automatically start 
searchil}g_for sector 1 on side 1. 

N Number N stands for the number of data bytes written in a Sector. 
NCN New Cylinder Number NCN stands for a new Cylinder number, which is going to be reached as a 

result of the Seek operation. Desired _Q_osition of Head. 
ND Non-OMA Mode ND stands for operation in the Non-OMA Mode. 
PCN Present Cylinder PCN stands for the Ctinder number at the completion of SENSE 

Number INTERRUPT STATU Command. Position of Head at present time. 
R Record R stands for the Sector number, which will be read or written. 
R/W Read/Write R/W stands for either Read (R} or Write (W} siflnal. 
SC Sector SC indicates the number of Sectors per C_l'.!inder. 
SK Skip SK stands for Skip Deleted Data Address Mark. 
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 

increments.} Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.}. 
STO Status a ST 0-3 stand for one of four registers which store the status information after 
ST 1 Status 1 a command has been executed. This information is available during the 
ST2 Status 2 result phase after command execution. These registers should not be 
ST3 Status 3 confused with the main status register (selected by Ao = O}. ST 0-3 may be 

read only after a command has been executed and contain information 
relevant to that particular command. 

STP During a Scan operation, if STP = 1, the data in continguous sectors is 
compared byte by byte with data sent from the processor (or OMA}; and if 
STP = 2, then alternate sectors are read and compared. 

USO, US1 Unit Select US stands for a selected drive number 0 or 1. 
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INSTRUCTION SET CD@ 

DATA BUS 

PHASE REMARKS 

READ DATA 

Command W MT MF SK 0 Command Codes 

Execution 

Result 

W X X X X HD US1 USO 

w 
w 
w 
w 
w 
w 
w 

-----H----------R-----
----EDT-----
----GPL-----
----DTL-----

----STO-----
----ST 1-----
----ST2-----

-----C-----

READ DELETED DATA 

Sector ID information prior 

to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FOO and main-system 

Status information after 

Command execution 

Sector ID information after 
Command execution 

Command W MT MF SK O Command Codes 

Execution 

Result 

W X ,( X X HD IJS1 USO 

w 
w 
w 
w 
w 
w 
w 

----EOT-----
-----GPL-----
----DTL-----

----STO-----
----ST1-----
----ST2-----

C-----

WRITE DATA 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy O isk. 

Data-transfer between the 

F OD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 

Command W MT MF 0 0 1 . Command Codes 

W X X X X X HD US1 USO 

Executi6n 

Result 

w 
w 
w 
w 
w 
w 
w 

----EDT-----
----GPL-----
----DTL-----

----STO-----
----ST 1-----
----ST2-----

WRITE DELETED DATA 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
main-system and FOO 

Status information after 
Command execution 

Sector ID information after 
Command execution 

Command W MT MF 0 O Command Codes 

W X X X X HD US1 USO 

Sector ID information prior 
to Command execution. The 

DATA BUS 

REMARKS 

READ A TRACK 

Command W 0 MF SK 0 0 0 1 Command Codes 

Execution 

Result 

W X X X X HD US1 USO 

w 
w 
w 
w 
w 
w 
w 

----EDT-----
----GPL-----
----DTL------

----STO-----
----ST 1-----
----5~2-----

READ ID 

Sector ID information prior 
to Command execution 

Data-transfer between the 
FOO and main-system. FDC 
reads all data fields 
from index hole to EOT. 

Status information after 

Command execution 

Sector ID information after 
Command execution 

Command W O MF O O 1 Commands 

W X X X HD USl USO 

Execution 

Result ---~STO-----

----ST 1-----
----ST2-----

-----C-----

FORMAT A TRACK 

The first correct ID information 
on the Cylinder is stored in 

Data Register 

Status information after 

Command execution 

Sector ID information read 
during Execution Phase from 

Floppy Disk 

Command W 0 MF 0 0 1 Command Codes 

Execution 

Result 

w 
w 
w 
w 
w 

X X X HD US1 USO 

-----N-----
-----SC-----
----GPL-----

----sro-----
----sT 1-----
----ST2-----

----C-----

SCAN EQUAL 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filter Byte 

FDC formats an entire track 

Status information after 
Command execution 

In this case, the ID information 
has no meaning 

Command W MT MF SK 1 0 0 1 Command Codes 

W X X X X X HD US1 USO 

Execution 

w 
w 
w 
w 
w 
w 
w 

----EDT-----
----GPL-----
----STP-----

Sector ID information prior 

to Command execution 

Data-compared between the 
F DD and main-system 

w 
w 
w 
w 
w 
w 
w 

-----R----- 4 bytes are commanded against Result ----STO----- Status information after 
Command execution -----N-----

----EDT-----
-----G~•PL-----

----DTL-----

Execution 

Result ----STO-----
----ST1-----
----ST2-----

header on F!oppy Disk. 

Data-transfer between the 
FOO and main-system 

Status information after 
Command execution 

Gector ID information after 
----- H ----- Command execution 

-----R-----
-----N-----

Note: CD Symbols used in this table are described at the end of this section. 

@ Ao should equal binary 1 for all operations. 

@) X =Don't care, usually made to equal binary 0. 

----sr 1-----
----sr2-----
-----c-----
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INSTRUCTION SET (CONT.) 

DATA BUS 

PHASE R/Wj~ ~ D_i;_ 04 ~Dz o, oo} REMARKS 

SCAN LOW OR EQUAL 

Command w MT MF SK 1 1 0 1 Command Codes 

w x x x x x HD US1 USO 

w Sector I 0 information prior 

w Command execution 
w A 
w N 
w EDT 
w GPL 
w STP 

Execution Data-compared between the 
FOO and main-system 

Result ST 0 Status information after 
ST 1 Command execution 
ST 2 

Sector 10 information after 
Command execution 

SCAN HIGH OR EQUAL 

Command w MT MF SK 1 Command Codes 

w x x x x x HD US1 USO 

w Sector ID information prior 

w Command execution 

w 
w N 
w -"OT 
w GPL 
w STP 

Execution Data-compared betVllt?en the 
FOO and main-system 

Result ST 0 Status information after 
ST 1 Command execution 
ST 2 
c Sector I 0 information after 

Command execution 

FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 
A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading ID 
Address Marks and ID fields. When the current sector num
ber ("R") stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 
After completion of the read operation from the current sec
tor, the Sector Number is incremented by one, and the data 

DATA BUS 

PHASE R!W j_ 07 05 05 04 03 Dz o, Do REMARKS 

RECALIBRATE 

Command w 0 0 0 1 Command Codes 

w x x x x x 0 US1 USO 

Execution Head retracted to Track 0 

SENSE INTERRUPT STATUS 

Command w 0 0 0 1 0 Command Codes 

Result STD Status information at the end 
PCN of seek-operation about the FDC 

SPECIFY 

Command w 0 0 0 0 Command Codes 

w -SAT ...... HUT-
w --HLT ~ NO 

SENSE DRIVE STATUS 

Command w 0 0 0 1 Command Codes 

w x x x x HD US1 USO 

Result ST3 Status information about FOO 

SEEK 

Command w 0 0 Conimand Codes 

w x x x x HD US1 USO 

w NCN 

Execution 
Head is positioned over 
proper Cylinder on 
Diskette 

INVALID 

Command w --- Invalid Codes --- Invalid Command Codes 
INoOp - FDC goes into 
Standby State) 

Result ST 0 ST 0 = 80 
(16) 

from the next sector is read and output on the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation:· The Read Data Command may be terminated 
by the receipt of a Terminal Count signal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 

Multi-Track MFM/FM 
MT 

Bytes/Sector Maximum Transfer Capacity Final Sector 
MF N (Bytes/Sector) (Number of Read 

Sectors) from Diskette 
0 0 00 (128) (26) = 3,328 26 at Side O 
0 1 01 (256) (26) = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 26 at Side 1 1 1 01 (256) (52) = 13,312 
0 0 01 (256) (15) = 3,840 15 at Side O 
0 1 02 (512) (15) = 7,680 or 15 at Side 1 
1 0 01 (256) (30) = 7,680 15 at Side 1 1 1 02 (512) (30) = 15,360 
0 0 02 (512) (8) = 4,096 8 at Side O 
0 1 03 (1024) (8) = 8,192 or 8 at Side 1 
1 0 02 (512) (16) = 8,192 8 at Side 1 1 1 03 (1024) (16) = 16,384 

Table 1. Transfer Capacity 
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The "multi-track" function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at Sector 1, Side O and complet
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) the 
complete Sector performing the CRC check, and depend
ing upon the manner of command termination, may per
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci
fied in the Specify Command) has elapsed. If the processor 
issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi
nates the Read Data Command. (Status Register O also has 
bits 7 and 6 set to O and 1 respectively.). 

After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (hi~h), and terminates 
the Read Data Command. (Status Register O also has bits 
7 and 6 set to O and 1 respectively.) 

Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FOO. 
After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field 
is written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 
The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register O also has bits 7 and 6 set to O 
and 1 respectively.) 
The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 
• Tran sf er Capacity 
• EN (End of Cylinder) Flag 

If the FDC reads a Deleted Data Address Mark off the dis
kette, and the SK bit (bit 05 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec
tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers between the FDC and the pro
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 µsin the FM Mode, and every 13 µsin 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 
If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EQT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 

Final Sector ID Information at Result 
Transferred to Phase 

MT HD Processor c H R N 
0 Less than EQT NC NC R + 1 NC 

0 E_g_ual to EQT c + 1 NC R = 01 NC 
0 1 Less than EQT NC NC R + 1 NC 

1 ~ualtoEQT c + 1 NC R = 01 NC 

0 Less than EQT NC NC R + 1 NC 

0 Equal to EQT NC LSB R = 01 NC 
0 1 Less than EQT NC NC R + 1 NC 

1 E_g_ual to EQT c + 1 LSB R = 01 NC 

Notes: 1. NC (No Change): The same value as the one at the 
beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of 
His complemented. 

• ND (No Data) Flag 
• Head Unload Time Interval 
• ID Information when the processor terminates command 

(see Table 2) 
• Definition of DTL when N = O and when N -:fo O 
In the Write Data mode, data transfers between the proces
sor and FDC, via the Data Bus, must occur every 27 µs in 
the FM mode, and every 13 µsin the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register O also has bit 7 and 6 set to O and 1 respectively.) 

Write Deleted Data 
This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin
ning of the Data Field instead of the normal Data Address 
Mark. 

Read Deleted Data 
This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = 0 (low), it will read 
all the data in the sector and set the CM flag in Status Reg
ister 2 to a 1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read A Track 
This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 
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Format Sector Size N SC GPLCD GPL®@ 
8" Standard Floppy 

128 b_ytes/sector 00 1A 07 1B 
256 01 OF OE 2A 
512 02 08 18 3A 

FM Mode 
1024 03 04 47 BA 
2048 04 02 CB FF 
4096 05 01 CB FF 
256 01 1A OE 36 
512 02 OF 18 54 

MFM 1024 03 08 35 74 
Mode© 2048 04 04 99 FF 

4096 05 02 ca FF 
8192 06 01 ca FF 

5114'' Minifloppy 
128 b_yjes/sector 00 12 07 09 
128 00 10 10 19 
256 01 08 18 30 

FM Mode 
512 02 04 46 87 
1024 03 02 ca FF 
2048 04 01 ca FF 
256 01 12 OA oc 
256 01 10 20 32 

MFM 512 02 08 2A 50 
Mode© 1024 03 04 80 FO 

2048 04 02 CB FF 
4096 05 01 CB FF 

3W' Sony Micro Floppydisk® 
128 b_ytes/sector 0 OF 07 18 

FM Mode 256 1 09 OE 2A 
512 2 05 1B 3A 

MFM 
256 1 OF OE 36 
512 2 09 1B 54 Mode© 
1024 3 05 35 74 

Table 3 
Notes: CD Suggested values of GPL in Read or Write com

mands to avoid splice point between data field and 
ID field of contiguous sections. 

® Suggested values of GPL in format command. 
® All values except sector size and hexidecimal. 
© In MFM mode FDC cannot perform a Read/Write/ 

format operation with 128 bytes/sector. (N == 00) 

data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read
ing all data fields on the track, as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

Scan Commands 
The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on a byte-by-byte basis, and looks for a sector of data which 
meets the conditions of DFDo = DPRocEssoR• DFDo <S DPRocEs· 
soR• or DFDo ~ DPRocEssoR· The hexidecimal byte of FF either 
from memory or from FOO can be used as a mask byte 
because it always meet the condition of the compare. Ones 

This command terminates when number of sectors read is 
equal to EQT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 
command. (Status Register O has bits 7 and 6 set to O and 
1 respectively.) 

Read ID 
The READ ID Command is used to give the present posi
tion of the recording head. The FDC stores the values from 
the first ID field it is able to read. If no proper ID Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register O set to O 
and 1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Track 
The Format Command allows an entire track to be format
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys
tem 3740 (Single Density) Format are recorded. The par
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num
ber) and N (Number of Bytes/Sector). This allows the dis
kette to be formatted with nonsequential sector numbers, 
if desired. 
The processor must send new values for C, H, R, and N to 
the FDC for each sector on the track. If FDC is set for OMA 
mode, it will issue 4 OMA requests per sector. If it is set for 
interrupt mode, it will issue four interrupts per sector and 
the processor must supply C, H, Rand N load for each sec
tor. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 
If a FAULT signal is received from the FOO at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register Oto a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register 0 to O and 1 respec
tively. Also the loss of a READY signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register Oto be set to O and 1 respectively. 
Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes: 

complement arithmetic is used for comparison (FF = larg
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP--. R), and the scan oper
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EQT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EQT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER
MINAL COUNT signal from the Processor or OMA Con
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions of 
SCAN. 

COMMAND 
STATUS REGISTER 2 

COMMENTS 
BIT2 =SN BIT3 =SH 

Scan Equal 0 1 DFDD = DPROCESSOR 

1 0 DFDD =I= DPROCESSOR 

Scan Low or 0 1 DFDD = DPROCESSOR 

Equal 0 0 DFDD < DPROCESSOR 

1 0 DFDD > DPROCESSOR 

Scan High or 0 1 DFDD = DPROCESSOR 

0 0 DFDD > DPROCESSOR Equal 
1 0 DFDD < DPROCESSOR 

Table4 

If the FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1 ), the FDC sets the CM (Control Mark) flag of Sta
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 
When either the STP (contiguous sectors = 01, or alter
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21 ; the fol
lowing will happen. Sectors 21, 23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EOT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EOT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 
During the Scan Command data is supplied by either the 
processor or OMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1, it is necessary to 
have the data available in less than 27 µs (FM Mode) or 13 
µs (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register 0 set to O and 
1, respectively. 

Seek 
The read/write head within the FOO is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num
ber), and if there is a difference performs the following 
operation: 

PCN < NCN:Oirection signal to FOO set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN: Direction signal to FDD set to a O (low), and 
Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register Oto a 1 (high), and the command is ter
minated. At this point FDC interrupt goes high. Bits DB0-

DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 
If an FOO is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register O are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command exceeds 150 
µs, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 
The function of this command is to retract the read/write 
head within the FOO to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track 0 signal from the FOO. As long as the Track 0 sig
nal is low, the Direction signal remains 0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register O is set to a 1 (high) 
and the command is terminated. If the Track O signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register 0 to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 
The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 
An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FOO changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-OMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com-
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register O identifies the cause of the 
interrupt. 

ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
ms ... 7F = 254ms). 
The time intervals mentioned above are a direct function of 
the clock (CLK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of 2. 

SEEK INTERRUPT 
END CODE 

BITSS BITS BIT7 
0 1 1 

1 0 0 

1 1 0 

CAUSE 
Ready Line changed state, either 
polarity 
Normal Termination of Seek or 
Recalibrate Command 
Abnormal Termination of Seek or 
Recalibrate Command 

Table 5 

The choice of OMA or NON-OMA operation is made by the 
ND (NON-OMA) bit. When this bit is high (ND = 1) the NON
DMA mode is selected, and when ND = 0 the OMA mode 
is selected. 

Sense Drive Status 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 

Invalid 
Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 

If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register 0 are set to 1 and 0 
respectively. No interrupt is generated by the FDC 765A 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1 ") indicating to the 
processor that the FDC is in the Result Phase and the con
tents of Status Register O (STO) must be read. When the 
processor reads Status Register 0 it will find an 80 hex indi
cating an invalid command was received. 

Specify 
The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
Read/Write Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OF= 240 ms). The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in incre
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head Load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 

A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con
sider the next cqmmand to be an Invalid Command. 
In some applications the user may wish to use this com
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 

STATUS REGISTER IDENTIFICATION 

BIT 
NO. NAME SYMBOL DESCRIPTION 
D, Interrupt Code IC D, = 0 and 0 6 = 0 

Normal Termination of Command, (NT). Command was completed 
06 and properly executed. 

D, = 0 and 0 6 = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 

D, = 1 and 0 6 = 0 
Invalid Command issue, (IC). Command which was issued was 
never started. 

D, = 1 and 0 6 = 1 
Abnormal Termination because during command execution the 
ready signal from FDD changed state. 

Ds Seek End SE When the FDC completes the SEEK Command, this flag is set to 
1 (high). 

o. Equipment Check EC If a fault Signal is received from the FDD, or if the Track 0 Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 

03 Not Ready NR When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 

D2 Head Address HD This flag is used to indicate the state of the head at Interrupt. 
D, Unit Select 1 US1 

These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do Unit Select 0 USO 
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BIT 
NO. NAME SYMBOL DESCRIPTION 

STATUS REGISTER 1 (CONT.) 
D1 End of Cylinder EN When the FDC tries to access a Sector beyond the final Sector of a 

C_y)inder, this flag is set. 
Ds Not used. This bit is always 0 (low). 
Ds Data Errror DE When the FDC detects a CRC error in either the ID field or the data 

field, this flag is set. 
D. Over Run OR If the FDC is not serviced by the main-systems during data 

transfers, within a certain time interval, this flag is set. 
D3 Not used. This bit alwa_y_s 0 (low). 
D2 No Data ND During execution of READ DATA, WRITE DELETED DATA or 

SCAN Command, if the FDC cannot find the Sector specified in the 
IDR Re__g_ister, this fla__g_ is set. 
During executing the READ ID Command, if the FDC cannot read 
the ID field without an error, then this flag is set. 
During the execution of the READ A Cylinder Command, if the 
startin__g_ sector cannot be found, then this fla__g_ is set. 

D, Not Writable NW During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this fla__g_is set. 

Do Missing Address Mark MA If the FDC cannot detect the ID Address Mark after encountering 
the index hole twice, then this flag is set. 
If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD 
(Missin_g_Address Mark in Data Field) of Status Register 2 is set. 

STATUS REGISTER 2 
D1 Not used. This bit is always 0 (low). 
Ds Control Mark CM During executing the READ DATA or SCAN Command, if the FDC 

encounters a sector which contains a Deleted Data Address Mark, 
this flag is set. 

Ds Data Error in Data Field DD If the FDC detects a CRC error in the data field then this flag is set. 
D. Wrong Cylinder WC This bit is related with the ND bit, and when the contents of Con the 

medium is different from that stored in the IDR, this fla__g_is set.· 
D3 Scan Equal Hit SH During execution, the SCAN Command, if the condition of "equal" 

is satisfied, this flag is set. 
D2 Scan Not Satisfied SN During executing the SCAN Command, if the FDC cannot find a 

Sector on the cylinder which meets the condition, then this flag 
is set. 

D, Bad Cylinder BC This bit is related with the ND bit, and when the content of Con the 
medium is different from that stored in the IDR and the content of C 
is FF, then this flag is set. 

Do Missing Address Mark MD When data is read from the medium, if the FDC cannot find a Data 
in Data Field Address Mark or Deleted Data Address Mark, then this flag is set. 

STATUS REGISTER 3 
D7 Fault FT This bit is used to indicate the status of the Fault signal from 

the FDD. 
Ds Write Protected WP This bit is used to indicate the status of the Write Protected signal 

from the FDD. 
Ds Ready RY This bit is used to indicate the status of the Ready signal from 

the FDD. 
D. TrackO TO This bit is used to indicate the status of the Track 0 signal from 

the FDD. 
D3 Two Side TS This bit is used to indicate the status of the Two Side signal from 

the FDD. 
D2 Head Address HD This bit is used to indicate the status of Side Select signal 

to the FDD. 
D, Unit Select 1 us 1 This bit is used to indicate the status of the Unit Select 1 signal 

to the FDD. 
Do Unit Select 0 USO This bit is used to indicate the status of the Unit Select 0 signal 

to the FDD. 
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PROCESSOR INTERFACE 
During Command or Result Phases the Main Status Reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 µs before reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in a O and 1 state, respectively, before each byte of the com
mand word may be written in the FDC. Many of the com
mands require multiple bytes, and as a result the Main Status 
Register must be read prior to each byte transfer to the FDC. 
On the other hand, during the Result Phase, 06 and 07 in 
the Main Status Register must both be 1 's (06 = 1 and 07 
= 1) before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each byte 
transfer to the FDC is required in only the Command and 
Result Phases, and NOT during the Execution Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FDC is in the NON-OMA Mode, then the 
receipt of each data byte (if FDC is reading data from FDD) 
is indicated by an Interrupt si9fIBI on pin 18 (INT = 1 ). The 
generation of a Read signal (RD = 0) or Write signal (WR 
= 0) will reset the Interrupt as well as output the Data onto 
the Data bus. If the processor cannot handle Interrupts fast 
enough (every 13 µs) for MFM and 27 µs for FM mode, then 
it may poll the Main Status Register and then bit 07 (ROM) 
functions just like the Interrupt signal. If a Write Command 
is in process then the WR signal performs the reset to the 
Interrupt signal. 
If the FDC is in the OMA Mode, no Interrupts are generated 
during the Execution Phase. The FDC generates DRO's 
(OMA Requests) when each byte of data is available. The 
OMA Controller responds to this re-®_est with both a DACK 
= O (OMA Acknowledge) and a RD = O (Read signal). 
When the OMA Acknowledge signal goes low (DACK = O) 
then the OMA Request is reset (ORO = 0). If a Write Com
mand has been programmed then a WR signal will appear 
instead of RD. After the Execution Phase has been com
pleted (Terminal Count has occurred) or EQT sector was 
read/written, then an Interrupt will occur (INT= 1 ). This sig
nifies the beginning of the Result Phase. When the first byte 
of data is read during the Result Phase, the Interrupt is 
automatically reset (INT= 0). 

AC TEST CONDITION 

INPUT/OUTPUT 

2.4V 
2.0V 2.0V 

>TEST POINT 

0.45V 
0.8V 0.8V 

AC TESTING 

It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success
fully complete the Read Data Command. The FDC will not 
accept a new command until all seven bytes have been read. 
Other commands may require fewer bytes to be read during 
the Result Phase. 
The FDC contains five Status Registers. The Main Status 
Register mentioned above may be read by the processor at 
any time. The other four Status Registers (STO, ST1, ST2, 
and ST3) are only available during the Result Phase, and 
may be read only after completing a command. The partic
ular command which has been executed determines how 
many of the Status Registers will be read. 
The bytes of data which are sent to the FDC to form the 
Command Phase, and are read out of the FDC in the Result 
Phase, must occur in the order shown in the Command 
Table. That is, the Command Code must be sent first and 
the other bytes sent in the prescribed sequence. No fore
shortening of the Command or Result Phases are allowed. 
After the last byte of data in the Command Phase is sent to 
the FDC, the Execution Phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result Phase, the command is automatically ended and the 
FDC is ready for a new command. 

POLLING FEATURE OF THE FDC765A/7265 
After the Specify command has been sent to the FDC, the 
Unit Select line USO and US1 will automatically go into a 
polling mode. In between commands (and between step 
pulses in the SE:EK command) the FDC polls all four FD D's 
looking for a change in the Ready line from any of the drives. 
If the Ready line changes state (usually due to a door open
ing or closing) then the FDC will generate an interrupt. When 
Status Register O (STO) is read (after Sense Interrupt Sta
tus is issued), Not Ready (NR) will be indicated. The polling 
of the Ready line by the FDC occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1.024 ms except 
during the Read/Write commands. 

CLOCK 

2.4V 2.4V 

>TEST POINT 

0.65V 0.65V 

Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "O." Timing measure
ments are made at 2.0V for a logic "1" and O.BV for a logic "O." 

Clocks are driven at 3.0V for a logic "1" and 0.3V for a logic "O:' Timing measure
ments are made at 2.4V for a logic "1" and 0.65V for a logic "O." 
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TIMING DIAGRAMS 
FDD WRITE OPERATION 

PROCESSOR READ OPERATION WRITE CLOCK 
I I I I I 

I 1--l I--T F i--:-- T CY ----J 
Ao. Cs, DACK .=x.---------~X ... __ _ 

TAR__, _____._J :--TRt> 
TR--:l--~--....... '-~I --------.. 

WRITE ENABLE~ : \_ 

'-----' 
DATA - - - - ~ ~R_:>~i..----

CLOCK 

CLI< 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

I 1 I 
---i t--T CP 

PRESHIFT 0 PRESHIFT 1 

NORMAL 0 0 

LATE 0 1 

EARLY 1 0 

INVALID 1 1 

Operating Temperature ........................................................................................ -10°C to + 70°C 
Storage Temperature .......................................................................................... - 55°c to + 150°C 
All Output Voltages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.5 to + 7 Volts 
All Input Voltages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.5 to + 7 Volts 
Supply Voltage Vee ............................................................................................ - 0.5 to + 7 Volts 
Power Dissipation ........................................................................................................ 1 Watt 

T. = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS Ta = 0°C to + 70°C; Vee = + 5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYPCD MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 v 
Input High Voltage VIH 2.0 Vee+ 0.5 v 
Output Low Voltage Vol 0.45 v IOL = 2.0 mA 
Output High Voltage VoH 2.4 Vee v loH = -200 µA 
Input Low Voltage 
(CLK + WR Clock) 

VILl<f>I -0.5 0.65 v 

Input High Voltage 
(CLK + WR Clock) 

VIHl<f>I 2.4 Vee+ 0.5 v 

Vee Supply Current Ice 150 mA 

Input Load Current 
lu 

10 µA v,N = Vee 
(All Input Pins) -10 µA VIN= QV 
High Level Output Leakage Current 'LOH 10 µA VouT =Vee 
Low Level Output Leakage Current ILOL -10 µA VouT = + 0.45V 

NOTE: CDTypical values for T. = 25°C and nominal supply voltage. 

DC CHARACTERISTICS Ta= 25°C; fc = 1 MHz; Vee= OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Clock Input Capacitance C,'U<hl. 20 pF All Pins Except Pin 
Input Capacitance c,N 10 pF Under Test Tied to 
Output Capacitance CouT 20 pF AC Ground 
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AC CHARACTERISTICS Ta = -10°C to + 70°C; Vee = + 5V :±: 5% unless otherwise specified. 

PARAMETER SYMBOL 
Clock Period <!>ev 
Clock Active (High, Low) <!>o 
Clock Rise Time <!>, 
Clock Fall Time <ti, 
A0 , CS, DACK Set Up Time to RD l TAR 
Ao. CS, DACK Hold Time from RD T TRA 
RD Width TAR 
Data Access Time from RD l TAD 
DB to Float Delay Time from RD T ToF 
A0 , CS, DACK Set Up Time to WR l TAw 
A0 , CS, DACK Hold Time to WR T TwA 
WR Width Tww 
Data Set Up Time to WR T Tow 
Data Hold Time from WR T Two 
INT Delay Time from RD T TAI 
INT Delay Time from WR T Tw, 
DRQ Cycle Time TMeY 
DRQ Delay Time from DACK l TAM 
TC Width TTe 
Reset Width TRST 

WCK CYCLE TIME Twev 

WCK Active Time (High) To 
WCK Rise Time T, 
WCKFallTime T, 
Pre-Shift Delay Time from WCK T Tep 
WDA Delay Time from WCK T Teo 
RDD Active Time (High) TADD 

Window Cycle Time Twev 

Window Hold Time to/from RDD TROW 
TwRo 

USo.1 Hold Time to RW/SEEK T Tus 
SEEK/RW Hold Time to LOW 
CURRENT/DIRECTION T 

Tso 

LOW CURRENT/DIRECTION Hold 
Time to FAULT 
RESET/STEP T 

TosT 

USo.1 Hold Time from FAULT RESET/ 
STEPT 

TsTU 

STEP Active Time (High) TsrP 
STEP Cycle Time Tse 
FAULT RESET Active Time (High) TFR 
Write Data Width Twoo 
USo. 1 Hold Time After SEEK Tsu 
Seek Hold Time from DIR Tos 
DIR Hold Time after STEP Tsrn 
Index Pulse Width T1ox 
RD l Delay from DRQ TMR 
WR l Delay from DRQ TMw 
WE or RD Response Time from DRQ T TMAW 

NOTES: CDµ Typical values for Ta = 25°C and nominal supply voltage. 
® The former value of 2 and 1 are applied to Standard Floppy, and the 

latter value of 4 and 2 are applied to Mini-floppy. 
®Under Software Control. The range is from 1 ms to 16 ms at 8 MHz 

Clock Period, and 2 to 32 ms at 4 MHz Clock Period. 

LIMITS 
MIN TYPCD MAX UNIT 
120 125 500 ns 
40 ns 

20 ns 
20 ns 

0 ns 
0 ns 

250 ns 
200 ns 

20 100 ns 
0 ns 
0 ns 

250 ns 
150 ns 

5 ns 
500 ns 
500 ns 

13 µS 
200 ns 

1 <!>ev 
14 <!>ev 

4 
2 
2 
1 
2 

µS 

1 
4 
2 

80 250 350 ns 
20 ns 
20 ns 

20 100 ns 
20 100 ns 
40 ns 

2.0 µS 1.0 

15 ns 

12 µS 
7 µS 

1.0 µS 

5.0 µS 

6.0 7.0 µs 
33 @ @ µS 

8.0 10 µS 
To - so ns 

15 µS 
30 µS 
24 µs 
10 <!>ev 

800 ns 
250 ns 

12 µS 
® For mini-floppy applications, <Pcv must be 4 mHz. 
@Sony microfloppy 31/2' drive (8" compatible). 
®Sony microfloppy 31/2' drive (5V4' compatible). 
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TEST 
CONDITIONS 

CL=100pF 
CL=100pF 

MFM = 0 5V4" 
MFM = 1 5V4" 
MFM = 0 8" 
MFM = 1 8" 
MFM = 0 3112"® 
MFM = 1 3V2"® 
MFM = 0 31/2 11 ® 
MFM = 1 3112"® 

I 
MFM = 0 
MFM = 1 

8 MHz Clock Period 

8 MHz Clock Period 

8 MHz Clock Period 



TIMING DIAGRAMS 

PROCESSOR WRITE OPERATION 

DRQ 

-1 l--two, 
~TDw--l! :I/ 

DATA----~ : "'"· ---
t--- tw1--l 

WR OR RD 

INT '\.__ 
I 

SEEK OPERATION 

uso.1 =x STABLE t 
-j1u~r---- ---i isu I 

AW/SEEK I I I 
I 

liosl --"i1sot-- -1 r-
DIRECTION x x I 

I 1DST--i t-~TU---j 
STEP 

nSTD 

ISTP---l f-----
tsc 

FLT RESET 
I I 

FAULT RESET= ~ 
FILE UNSAFE RESET : 1 

-----' TFR ~ 

INDEX 

I T1ox I I T1ox I 
~~ 

FOO READ OPERATION 

READDATA ~------------~,'.._ _____ _ 

-i , __ TROD 1-TWRD-J '1-TRow-11 
1 I I I 

-----~ I I ~I I RE~DDATAWINDOW ~ 1\-_ 
I 

~~~~-Twcv~~~---0-1 Note: Either polarity data window is valid. 

OMA OPERATION 

1~ I 

TERMINAL COUNT 

TC -----11-
-----l ~TTc 

RESET 

H 
RESET ---1! +-

--I I-- TRST 

STANDARD MICROSYSTEMS 
CORPORbtTION f~?5i~~il i~i~~Ji~~i""""'"9eiTWiX 5i10i~/i,.~i7: 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1e " 1n!!·Jl!i · 1 

• ll ll!W!!Wf''' ii ...... ' I 

IFloppy Dusk 
Controller/formatter 

FDC 

fDC 1791-02 
FDC 1792-02 
FDC 1793-02 
FDC 1794-02 
fDC 1795-02 
FDC 1797-02 

µPC FAMILY 

FEATURES 

0 SOFT SECTOR FORMAT COMPATIBILITY 
0 AUTOMATIC TRACK SEEK WITH VERIFICATION 
0 ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

0 READ MODE 
Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

OWRITE MODE 
Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

0 PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

0 SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
OMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 
0 WRITE PRECOMPENSATION (MFM AND FM) 
0 SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
0 WINDOW EXTENSION (IN MFM) 

PIN CONFIGURATION 

NC 40 +12V 

WE 39 INTRO 

cs 38 DRQ 

RE 37 ODEN .. 

Ao 36 WPRT 

A, 35 fP 
DALO• 34 TROO 

DAL 1· 33 WF 
DAL2• , D" READY 

DAL3• 10 31 WO 

DAL4• 11 30 WG 

DAL5• 12 29 TG43 

DAL6• 13 28 HLD 

DAL?" 14 27 R.A.WREAo 
STEP 15 26 RCLK 

DIRC 16 25 RG/SSQ 

EARLY 17 24 CLK 

LATE 18 23 HLT 

MR 19 22 TEST 

GND 20 21 +sv 

·1NVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 
.. MUST BE LEFT OPEN FOR FDC 1792 and FDC 1794 

PACKAGE: 40 pin D.1.P. 

D INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

D COMPATIBLE WITH FD179X-02 
0 COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
0 COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 

GENERAL DESCRIPTION 

The FDC 179X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8" and 51/4" (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 

The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea
tures necessary to read/write and format a double 
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density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex
tension, and write precompensation. 

The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 

The FDC 1792 operates in the single density mode only. 
Pin 37 (ODEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1 NO CONNECTION NC This pin is internally connected to the substrate bias generator and 
must be left open. 

20 GROUND Vss Ground 

21 POWER SUPPLY Vee +5V 

40 POWER SUPPLY Voo +12V 

19 MASTER RESET MR A logic low on this input resets the device and loads HEX 03 into 
the command regis~The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 

COMPUTER INTERFACE: 

2 WRITE ENABLE WE A logic low on_..!b.is input gates data on the DAL into the selected 
register when CS is low. 

3 CHIP SELECT cs A logic low on this input selects the chip and the parallel 
data bus (DAL). 

4 READ ENABLE RE A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS is low. 

5,6 REGISTER SELECT AO, A1 These inputlielect !.bQ_register to receive/transfer data on the DAL 
LINES lines under RE and WE control: 

A1 AO RE WE 
0 0 Status Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 

7-14 DATA ACCESS LINES DALO- Eight bit Bidirectional bus used for transfgr_of data. control, and 
DAL? status. This_!2lls is a receiver enabled by WE or a transmitter 

enabled by RE. The Data Bus is inverted on the FDC 1791. FDC 1792 
and FDC 1795. 

24 CLOCK CLK This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8" drives, 1 MHz for 5114'' drives. I 

38 DATA REQUEST ORO This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 

39 INTERRUPT REQUEST INTRO This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 

FLOPPY DISK INTERFACE: 

15 STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 

16 DIRECTION DIRC Direction Output is active high when stepping in, active low when 
stepping out. 

17 EARLY EARLY Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 

18 LATE LATE Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 

22 TEST TEST This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 

23 HEAD LOAD TIMING HLT When a logic high is found on the HL T input the head is assumed 
to be engaged. 
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PIN NO. NAME SYMBOL FUNCTION 

25 READ GATE (1791/3) RG A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 

25 SIDE SELECT OUTPUT sso The logic level of the Side Select Output is directly controlled by 
(1795, 1797) the 'S' flag in Type II or Ill commands. When S=1, SSO is set to 

a logic 1. When S =O, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or Ill command. It is 
forced to a logic 0 upon a MASTER RESET condition. 

26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 

27 RAW READ RAW The data input signal directly from the drive. This input shall be a 
READ negative pulse for each recorded flux transition. 

28 HEAD LOAD HLD The HLD output controls the loading of the Read-Write head 
against the media. 

29 TRACK GREATER TG43 This output informs the drive that the Read/Write head is positioned 
THAN 43 between tracks 44-76. This output is valid only during Read and 

Write Commands. 

30 WRITE GATE WG This output is made valid before writing is to be performed 
on the diskette. 

31 WRITE DATA WD A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 

32 READY READY This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type I operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 

33 WRITE FAULT/ WF/VFOE This is a bi-directional signal used to signify writing faults at the 
VFO ENABLE drive, and to enable th_g__~xternal PLO data separator. When WG = 1, 

Pin 33 functions as a WF input. If WF=O, any write command will 
immediately be terminated. When WG=O, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 
until the end of the Data Field. 

34 TRACK 00 TROO This input informs the FDC179X that the Read/Write head is 
positioned over Track 00. 

35 INDEX PULSE iP This input informs the FDC179X when the index hole is encountered 
on the diskette. 

36 WRITE PROTECT WPRT This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 

37 DOUBLE DENSITY ODEN This pin selects either single or double densi~ration. When 
DDEN=O, double density is selected. When DDEN=1, single 
density is selected. This line must be left open on the 1792/4. 
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FUNCTIONAL DESCRIPTION 

The FDC 179X-02 major functional blocks are as follows: 
Data Shift Register- This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 
Data Register-This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans
ferred in parallel from the Data Register to the Data 
Shift Register. 
When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 
Sector Register (SR)- This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)-This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR)-This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 

This register can be read onto the DAL, but not loaded 
from the DAL. 
CRC Logic-This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly
nomial is: G(x) =x16 +x12+xs+1. 
Track Register- This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 
The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 
Arithmetic/Logic Unit (ALU)-The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 
Timing and Control-All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 
AM Detector-The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 

OPERATION 

FDC 1791, FDC 1793, FDC 1795 and FDC 1797 have two 
modes of operation according to the state of ODEN 
(Pin 37). When i515rn=1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 
ODEN must be left open for the FDC 1792 and FDC 1794. 

Disk Read Operation 
Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, ODEN should be 
placed to logical "1." For MFM formats, ODEN should 
be placed to a logical "O." Sector lengths are determined 
at format time by a special byte in the "ID" field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from O to 255 tracks. 
For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in· FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179X is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of "00" or "FF" are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG =0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 
b) Settling Time, if programmed, has expired 
c) The 179X is inspecting data off the disk 

If WFNFOE is not used, leave open or tie to a 10K 
resistor to +5. 
On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con
tinues until the end of sector is reached. 

Disk Write Operation 
When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 
Por write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (DDEN=1) 

and 250 ns pulses in MFM (ODEN =O). Write Data pro
vides the unique address marks in both formats. 
Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC179X. The write precompen
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRO is generated if a Force 
Interrupt command condition is met. 

COMMAND WORDS 

The FDC179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 

Table 1. Command Summary 

BITS 
COMMAND TYPE 7 6 5 4 3 2 1 0 
Restore I 0 0 0 0 h v r1 ro 
Seek I 0 0 0 1 h v r1 ro 
Step I 0 0 1 LI h v r1 ro 
Step In I 0 1 0 u h v r1 ro 
Step Out I 0 1 1 u h v r1 ro 
Read Sector II 1 0 0 m F2 E F1 0 
Write Sector II 1 0 1 m F2 E F1 ao 
Read Address Ill 1 1 0 0 0 E 0 0 
Read Track Ill 1 1 1 0 0 E 0 0 
Write Track Ill 1 1 1 1 0 E 0 0 
Force lnterru~ IV 1 1 0 1 b 12 11 lo 
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Type I Commands 
The Type I Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type I Commands contains a 
rate field (ror1), which determines the stepping motor 
rate as defined in Table 2. 
The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h =O, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC179X receives 
a command that specifically disengages the head. If 
the FDC179X is idle (busy=O) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 
The Type I Commands also contain a verification (V) 
flag which determines if a verification op·eration is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 
During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 



is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRO). 
The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=O, the track register is 
not updated. 
On the FDC 1795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 

Restore (Seek Track 0) 

Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the r1ro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 
This command assumes that the Track Register contains 
the track number of the current position of the Read
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 

Step 
Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the r1ro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-In 
Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the r1ro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
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Step-Out 
Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the r,ro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 
The period of each positioning step is specified by the 
r field in bits 1 and 0 of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=O, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or Ill command. 
The rates (shown in Table 2) can be applied to a Step
Direction Motor through the device interface. 
Step-A 2µs (MFM) or4µs (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 
Direction (DIRC)-The Direction signal is active high 
when stepping in and low when stepping out. The Direc
tion signal is valid 12 µs before the first stepping pulse 
is generated. 
When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRO is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRO is generated. 

Table 2. Stepping Rates 

CLK: 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 

ODEN: 0 1 0 1 x x 
r1 re TEST=1 TEST=1 TEST=1 TEST=1 TEST=O TEST=O 

0 0 3 ms 3 ms 6 ms 6 ms 184µs 368µs 
0 1 6 ms 6 ms 12 ms 12 ms 190µs 380µs 
1 0 10 ms 10 ms 20 ms 20 ms 198µs 396µs 
1 1 15 ms 15 ms 30 ms 30 ms 208µs 416µs 

The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h= 1), at the end of the Type I command if the verify 
flag (V= 1), or upon receipt of any Type II or Ill command. 
Once HLD is active it remains active until either a Type I 
command is received with (h=O and V=O); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 
Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 



The head engage time is typically 30 to 100 ms depend
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 

HLD t------' 

~50 TO 100mS~ f----,, ,_ _____ _ 
~ HL T (FROM ONE SHOT) 

Head Load Timing 

When both HLD and HLT are true, the FDC179X will then 
read from or write to the media. The "and" of HLD and 
HLT appears as a status bit in Type I status. 

TYPE I COMMANDS FLAG SUMMARY 
h =Head Load Flag (Bit 3) 

h=1, Load head at beginning 
h=O, Unload head at beginning 

V= Verify flag (Bit 2) 
V= 1, Verify on destination track 
V=O, No verify 

r, ro= Stepping motor rate (Bits 1-0) 

Refer to Table 2 for rate summary 
u=Updateflag (Bit4) 

u= 1, Update Track register 
u=O, No update 

Type II Commands 
The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type 11 Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag =1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 
When an ID field is located on the disk, the FDC179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 

is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC179X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter
minated with an interrupt. 
Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 
If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 
The Type 11 commands also contain side select compare 
flags. When C=O, no side comparison is made. When 
C= 1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record
Not-Found status bit is set. 
The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 

Sector Length Table (1791/2/3/4 only) 

Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 

00 128 
01 256 
02 512 
03 1024 

Field Format 

GAP ID TRACK , SIDE SECTOR SECTOR CRC CRC GAP DATA CRC CRC 
111 AM NUMBER NUMBER NUMBER LENGTH 1 2 II AM DATA FIELD 1 2 

ID FIELD DATA FIELD 

In MFM only, IDAM and DATA AM are preceded by three bytes of A 1 with clock transition between bits 4 and 5 missing. 
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Read Sector 
Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not
Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi
nated {even if it is a multiple record command). 
At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register {Bit 5) as shown below: 

STATUS 
BIT 5 

1 
0 

Deleted Data Mark 
Data Mark 

BIT 

7 6 514 3]2 1 Jo COMMAND 

1 0 oim FJE FJo READ SECTOR 

1 0 1]m FJE FJao WRITE SECTOR 

Write Sector 
Upon receipt of the Write Sector command, the head 
is loaded {HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate {WG) output is made active if the DRQ is serviced 
{i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 

ao 
1 
0 

Data Address Mark {Bit 0) 

Deleted Data Mark 
Data Mark 

The FDC179X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 

L DATA AD DRESS MARK (a) ro=Write hex FB (data) into Data Address Mark field 
0 L1 =Write hex F8 (deleted data) into Data AM field 

F1 (1791/3) SIDE COMPARE FLAG (C)-cO=S!de number not tested 
1=S1de number tested 

F1 (1795/7) SIDE SELECT FLAG (S) --co=Update sso to 0 
1 =Update SSO to 1 

DELAY (E) -CO= No delay between HLD activation and HLT Sampling 
1 =15 ms delay between HLD activating and HLT Sampling 

r-- F2 (179113) SIDE SELECT FLAG (S) _fO=Compare for side 0 
--i_1=Compare for side 1 

Sector Length Field 
00 01 10 11 

L- F2 (1795/7) SECTOR LENGTH FLAG (b)C01'.:_ 256 512 1024 128 
128 256 512 1024 

MULTIPLE SECTORS (m){O=Read (or Wr~te) Sing~e Sectors 
1 =Read (or Write) Multiple Sectors 

Figure 1. Type II and Ill Flag Summary 
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Type Ill Commands 
There are three Type Ill Commands: 
• READ ADDRESS-Read the next ID field (6 bytes) 

into the FDC. 

• READ TRACK-Read all bytes of the entire track, 
including gaps. 

• WRITE TRACK-Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 

TRACK 
ADDA 

SIDE SECTOR SECTOR CRC CRC 
NUMBER ADDRESS LENGTH 1 2 

2 3 4 5 6 

Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 

iP----u 
GAP 3 

NO 
SYNC 

GAP GAP 
4 5 

INDEX DETECTED J J 
DR=F6 WAITE 
3 TIMES MFM ONLY 

ID 
FIELD 1 

TRACK SIDE SECTOR 
NUMBER NUMBER NUMBER 

DR=FEJ J ~ 
TRACK NUMBERS: 00-4A 

SINGLE SIDED: NUMBER=OO 
DOUBLE SIDED, SIDE 0=00 
DOUBLE SIDED, SIDE 1 =01 

SECTOR NO. 

01-1A 
01-0F 
01-08 

BYTES/SECTOR 
FM MFM 

128 
256 
512 

256 
512 

1024 

•DR=F5 WAITE 3 TIMES MFM ONLY 

GAP 
2 

error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 
Read Track 

Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro
nized to each Address Mark encountered. Upon com
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

Write Track 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 

1--COMPLETE SECTOR --1 
DATA 

FIELD 1 
GAP 

3 

SECTOR LENGTH 

00= 128 
01 = 256 
02= 512 
03= 1024 

ID 
FIELD 2 

GAP 
2 

DATA 
FIELD 2 

GAP 
3 

\

2BYTECRC 
WRITTEN 
DR=F7 

Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of FS in MFM. 
Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 
The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 
Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex FS through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, FS through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera
tion of the FDC during formatting. 

BIT 

7654321 COMMAND 

1 1 0 1 b 12 FORCE INTERRUPT 

Type IV Commands 
Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 
The four bits, lo-b. are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRO 
goes high, causing the required interrupt. 
If 10 -b are all "O ", no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for b= 1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-b all low. 

Status Register 
The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 

READY TRANSITION-cO=No effect 
1 =Forces INTRO when READY input goes low-to-high 

IO=No effect 
NOT-READY TRANSITIONLJ =Forces INTRO when READY input goes high-to-low 

INDEX PULSE-cO=No Effect 
1 =Forces INTRO on next INDEX pulse input 

IMMEDIATE IO=No effect 
l_1=Forces INTRO immediately 

Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 

COMMAND STATUS BIT 

7 6 s 4 3 2 1 0 

ALL TYPE I Not Ready Write Protect Head Loaded Seek Error CRC Error Track 0 Index Busy 

READ SECTOR Not Ready 0 Record Type Rec not Found CRC Error Lost Data DAO Busy 

WRITE SECTOR Not Ready Write Protect Write Fault Rec not Found CRC Error Lost Data DAO Busy 

READ ADDRESS Not Ready 0 0 Rec not Found CRC Error Lost Data DAO Busy 

READ TRACK Not Ready 0 0 0 0 Lost Data DAO Busy 

WRITE TRACK Not Ready Write Protect Write Fault 0 0 Lost Data DAO Busy 

Figure 48. Status Description for Type I Commands 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 

S5 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 

S3 CRC ERROR CRC encountered in ID field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 

S1 INDEX ~hen set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

so BUSY When set command is in progress. When reset no command is in progress. 

Figure 4C. Status Description for Type II and Ill Commands 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and Ill Commands will not execute unless the drive is ready. 

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 

S5 RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 

reset when updated. 

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
FOUND (RNF) when updated. 

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise.it indicates error in data 
field. This bit is reset when updated. 

S2 LOST DAT~ When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 

S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 

so BUSY When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS 

Write Data Pulse Width Twp 450 500 550 nsec 
150 200 250 nsec 

Write Gate to Write Data Twg 2 µsec 
1 µsec 

Write data cyle Time Tbc 2, 3, or 4 µsec 
Early (Late) to Write Data Ts 125 nsec 
Early (Late) From Th 125 nsec 
Write Data 
Write Gate off from WO Twf 2 µsec 

1 µsec 
WO Valid to Clk Twdl 100 nsec 

50 nsec 
WO Valid after Clk Twd2 100 nsec 

30 nsec 

These values are doubled when CLK=1 MHz. 

Write Data Timing 

WRITE GATE 

..j Twg 1---Tbc--..J Twp , ... •----•..ii Twf ~ 

WRITE DATA 

EARLY OR LATE 
(IF ON) 

___ ... 

[____500ns_.,I 
CLK i-

(1MHZ) !.._ _____ _.I L 
I 

Twd1~ I
W#A 
l--Twd2 

f--125 
CLK I 

(2MHZ) '~--------'' 

Twd1----..j 

WRITE DATA/CLOCK RELATIONSHIP 
(DDEN=O) 
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125~ 

L_ 

™ l--Twd2 

CONDITIONS 

FM 
MFM 
FM 

MFM 
±CLK Error 

MFM 
MFM 

FM 
MFM 

CLK=1 MHZ 
CLK=2 MHZ 
CLK~1 MHZ 
CLK=2 MHZ 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .......................................................... 0°c to +70°C 
Storage Temperature Range ........................................................ -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +325°C 
Positive Voltage on any Pin, with respect to ground ............................................... +15V 
Negative Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=+5V±5%, Voo=+12V±5% unless otherwise noted) 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 

Input Voltage Levels 
Low Level, V1L 0.8 v 
High Level, V1H 2.6 v 

Output Voltage Levels 
Low Level VoL 0.45 v loL=1.6 mA 
High Level VoH 2.8 v loH=100 µA 

Output Leakage, ILo 10 µA Vour=Voo 
Input Leakage, I 1L 10 µA V1N=Voo 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Power Dissipation 500 mW 

AC CHARACTERISTICS 
Processor Read Timing 

Address Setup Time tsETR 50 ns Figure 5 
Address Hold Time tHLDR 10 ns Figure 5 
ElE Pulse Width (CL=50pF) tRE 400 ns Figure 5 
DRO Reset Time toRR 500 ns Figure 5 
INTRO Reset Time t1RR 500* 3000* ns Figure 5 
Data Delay Time (CL =50pF) toACC 350 ns Figure 5 
Data Hold Time (CL =50pF) tooH 50 150 ns Figure 5 

Microprocessor Write Timing 
Address Setup Time tsETW 50 ns Figure 6 
Address Hold Time tHLDW 10 ns Figure 6 
WE Pulse Width twE 350 ns Figure 6 
DRO Reset Time toRR 500 ns Figure 6 
INTRO Reset Time t1RR 500* 3000* ns Figure 6 
Data Setup Time tos 250 ns Figure 6 
Data Hold Time toH 70 ns Figure 6 

Disk Input Data Timing 
RAWREAD Pulse Width tpw 100* 200 ns Figure 7, See Note 
Clock Setup Time td 40 ns Figure 7 See Note 
Clock Hold Time for MFM tcd 40 ns Figure 7 
Clock Hold Time for FM tcs 40 ns Figure 7 
RAWREAD Cycle Time tbc 1500 ns 1800 at 70°C, Figure 7 

RCLK High Pulse Width MFM ta 0.8 1* µs Figure 7 
FM 0.8 2* µs Figure 7 

RCLK Low Pulse Width MFM tb 0.8 1* µs Figure 7 
FM 0.8 2* µs Figure 7 

RCLK Cycle Time MFM tc 2* µs Figure 7 
FM 4* µs Figure 7 

Miscellaneous Timing 
CLK Low Pulse Width tco1 230 250 20000 ns Figure 8 
CLK High Pulse Width tco2 200 250 20000 ns Figure 8 

STEP Pulse Width MFM tsrP 
2* µs Figure 8 

FM 4* µs Figure 8 
DIRC Setup Time to1R 12 µs Figure 8 
MR Pulse Width tMR 50* µs Figure 8 
IP Pulse Width t1p 10* µs Figure 8 
WF Pulse Width twF 10* µs Figure 8 
CLK C_i'._cle Time tcvc 0.5* µs F!g_ure 8 

*:These Values are doubled when CLK=1 MHz. 
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Figure 5. 
Microprocessor 
Read Timing 

Figure 6. 
Microprocessor 
Write Timing 

Figure 7. 
Disk Input 
Timing 

Figure 8. 
Miscellaneous 
Timing 

1 • --j To•• 16FFM) or 32µs • (FM) 

~T1••==:i ORO----' 
,-----
I 

INTRO I _J I 
I ITHLDL 

C"$----:::x i I x1=-- - - - - -- ------
Ao.A, - - - - - - -

1 
_ 

RE-----~-Ts_ETrT••-1,_-------------

OALo-OAL7 
To•cc~ ~>-------

-JTooHI-

I 
• 16µs • (MFM) or 32µs • (FM) 

-i ToRA t- ,...----
ORO----' ~T1AR:::::1 

'"': ____ + ! ~'"¥=------------
Ao,A1 _/\__ - - - - -1 
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~ Tes f-
OALo-OAL, ·-------~CI=:>.>-------------

--1 ToH r--
~----·r---,... tbc-·1 

RAWREAO-----

~ ~ ~c:~~ 
RCLK------' 

~Ta T•=-1 
Tc ---=1----

Note: Pulse width on RAW READ (Pin 27) is norr .ally 10-30J ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CLK ~2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 

1'15---------. 

f--T,.--j 
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DISK FORMATS 

Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 
IBM 3740 Format 
This single-density {FM} format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 
IBM System 34 Format 
This double-density {MFM} format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 
Non-IBM Formats 
Unique {non-IBM} formats are permissible provid
ing the following restrictions are understood. 
• Sector length may only be 128, 256, 512, or 

1024 bytes. 
•Gap sizes must conform to Figure 11. 

ONE 
SECTOR 

<D 

Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 

DATA 
BYTE 
(hex) 

FF 

00 
FC 
FF 

00 
FE 
xx 

OX 

xx 

00 

F7 

FF 
00 
FB 
E5 
F7 

FF 

FF 

NO.OF 
BYTES 

COMMENTS 

40~ Gap 5 

6
J !'-(Post Index) 

1 Index AM 

':Jt·" 1 

1 IDAM 
1 Track Number 

(00-4C) 

1 Side Number 
(00 or01) 

1 Sector Number 
(01-1A) 

1 Sector Length 
(128 bytes) 

1 Causes 2-Byte 
CRC to be 
Written 

1 ~JI Gap 2 (ID Gap) 

1 Data AM 
128 

1 

27 

247 CD 

Data Field 
Causes 2-Byte 
CRC to be 
Written 
Part of Gap 3 
(Data Gap) 
Gap 4 
(Pre Index) 

NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER TRACK. 

2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 

ONE 
SECTOR 

<D 

Figure 10. 
Byte Sequence 
for IBM System-34 
Formatting 

GAP 

Gap 1 

Gap 2 

Gap 3 

Gap 4 

DATA 
BYTE 
(hex) 

NO.OF 
BYTES COMMENTS 

4E 

00 
F6 
FC 
4E 
00 

F5 

FE 
xx 

ox 

xx 

01 

F7 

4E 

00 
F5 

FB 
40 
F7 

4E 

4E 

8J+-Gap 5 
(Post Index) 

12 
3 Writes C2 
1 Index AM 

~~J+Gap 1 

3 Writes A1 

1 IDAM 
1 Track Number 

(00-4C) 

1 Side Number 
(00 or 01) 

1 Sector Number 
(OHA) 

1 Sector Length 
(256 Bytes) 

1 Causes 2-Byte 
CRC to be 
Written 

22-,...+-Gap 2 (ID Gap) 

12J I 

3 Writes A1 

1 

256 

54 

598 CD 

Data AM 
Data Field 

Causes 2-Byte 
CRC to be 
Written 
Part of Gap 3 
(Data Gap) 
Gap 4 
(Pre Index) 

NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK. 

2. CONTINUE WRITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT. 

SINGLE DOUBLE 
DENSITY DENSITY 

(FM) (MFM) 

16 bytes FF 16 bytes 4E 

11 bytes FF 22 bytes 4F 
6 bytes 00 12 bytes 00 

3 bytes A1 

10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 

3 bytes A1 

16 bytes FF 16 bytes 4E 

NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
2. THESE BYTES COUNTS ARE MINIMUM 

EXCEPT FOR 3 BYTES A1, WHICH IS EXACT. 

Figure 11. Gap Size Limitations 

NOTE 

2 

1 

2 

2 

35MimisBM1.~.N.YT1788 
1516)273·3100 TWX-510-227-8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION;. 

FDC 9216 
FDC 92168 

µPC FAMILY 

Floppy Disk Data Separator 
FDDS 

FEATURES 

D PERFORMS COMPLETE DATA SEPARATION 
FUNCTION FOR FLOPPY DISK DRIVES 

D SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 

D ELIMINATES SEVERAL SSI AND 
MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 

D NO CRITICAL ADJUSTMENTS REQUIRED 
D COMPATIBLE WITH STANDARD 

MICROSYSTEMS' FDC 1791, FDC 1793 AND 
OTHER FLOPPY DISK CONTROLLERS 

D SMALL 8-PIN DUAL-IN-LINE PACKAGE 
D +5 VOLT ONLY POWER SUPPLY 
D TTL COMPATIBLE INPUTS AND OUTPUTS 

PIN CONFIGURATION 

DSKD 

SEPCLK 

REFCLK 

GND 

Voo 

SEPD 

CD1 

coo 

GENERAL DESCRIPTION 

The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 

The FDDS consists primarily of a clock divider, a long
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-In-Line 

R EFCLK ---i--

coo 
CD1 

CLOCK 
DIVIDER 

package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 

The FDC 9216 is available in two versions; the FDC 9216, 
which is intended for 5114'' disks and the FDC 92168 for 
5114'' and 8" disks. 

DATA/CLOCK 
SEPARATION 

LOGIC 

-+sv 
-GND 

PULSE SEPCLK 
REGENERATION _ 

LOGIC ~SEPD 

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 

. PIN NO. NAME SYMBOL FUNCTION 
1 Disk Data DSKD Data input signal direct from disk drive. Contains combined 

clock and data waveform. 
2 Separated Clock SEPCLK Clock signal otitput from the FDDS derived from floppy 

disk drive serial bit stream. 
3 Reference Clock REFCLK Reference clock input 
4 Ground GND Ground 
5,6 Clock Divisor COO, COO and CD1 control the internal clock divider circuit. The 

CD1 internal clock is a submultiple of the REFCLK according to 
the following table: 

CD1 coo Divisor 
0 0 1 
0 1 2 
1 0 4 
1 1 8 

7 Separated Data SEPD SEPD is the data output of the FDDS 

8 Power Supply Voo +5 volt power supply 

FIGURE 1 
TYPICAL SYSTEM CONFIGURATION 

(5114'' Drive, Double Density) 

4 MHz CRYSTAL 

J OSCILLATOR 

I 74 1 1MHz 
-l J 1 ~ 

REFCLK REGENERATED DATA __ 
CLK 

SEPD ~ 

FLOPPY -
DISK DISK DATA 

DSKD FDC 9216 FDC 1791 or Equiv. . 
FLOPPY DISK CONTROLLER 

DRIVE DERIVED CLOCK SEPCLK -- RCLK . 
COO CD1 

GNtGtD 
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OPERATION 

A reference clock (REFCLK) of between 2 and 8 MHz 
is divided by the FOOS to provide an internal clock. 
The division ratio is selected by inputs COO and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 

The FOOS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide the SEPARATED CLOCK output. 

Separate short and long term timing correctors 
assure accurate clock separation. 

The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may be a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 

The reference clock (REFCLK) is divided to provide 
the internal clock according to pins COO and CD1. 

TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 

DRIVE DENSITY REFCLK 
(8" or SW') (DD or SD) MHz CD1 coo REMARKS 

8 DD 8 0 0 

}select either one 8 SD 8 0 1 
8 SD 4 0 0 

51/4 DD 8 0 1 
}select either one 51/4 DD 4 0 0 

51/4 SD 8 1 0 
}select any one 51/4 SD 4 0 1 

51/4 SD 2 0 0 

FIGURE 2 

INTCLK 

SEPCLK 

w 
always two internal clock cycles 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .......................................................... 0°C to+ 70°C 
Storage Temperature Range ........................................................ -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ......................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ............................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .............................................. -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C, Voo=+5V±5%, unless otherwise noted) 

Parameter Min. T~ Max. Units Comments 
D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V1L 0.8 v 
High Level V1H 2.0 v 

OUTPUT VOLTAGE LEVELS 
Low Level VoL 0.4 v loL=1.6mA 
High Level VoH 2.4 v loH=-100 µA 

INPUT CURRENT 
Leakage l1L 10 µA 0 :::::V1N ::::::Voo 

INPUT CAPACITANCE 
All Inputs 10 pF 

POWER SUPPLY CURRENT 
loo 60 mA 

A.C. CHARACTERISTICS 
Symbol 
fey REFCLK Frequency 0.2 4.3 MHz FDC 9216 
fey REFCLK Frequency 0.2 8.3 MHz FDC 92168 
tcKH REFCLK High Time 50 2500 ns 
tcKL REFCLK Low Time 50 2500 ns 
tsooN REFCLK to SEPD "ON" Delay 25 100 250 ns 
tsoOFF REFCLK to SEPD "OFF" Delay 25 100 250 ns 
tsPCK REFCLK to SEPCLK Delay 35 ns 
to LL DSKD Active Low Time 0.1 100 µs 
toLH DSKD Active High Time 0.2 100 µs 

FIGURE 3: AC CHARACTERISTICS 

REFCLK 

____ ·~1 

SEPCLK----------------------->-C 
DSKD--(~']F9~ 
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STANDARD MICROSYSTEMS 
CORPORATION1{ I 

FDC9229T 
FDC9229BT 

FLOPPY DISK INTERFACE CIRCUIT 
FEATURES PIN CONFIGURATION 
D Digital Data Separator 

Performs complete data separation function for floppy disk drives 
Separates FM and MFM encoded data 

DSKD 

FDCSEL 

20 Vee 

2 19 P2 
No critical adjustments necessary 
5114'' and 811 compatible 

D Variable Write Precompensation 

D Internal Crystal Oscillator Circuit 

D Track-Selectable Write Precompensation 

D Retriggerable Head-Load Timer 

D Compatible with the FDC 179X, 765, and other standard 
Floppy Disk Controllers 

D COPLAMOS® n-channel MOS Technology 

D Single + 5 Volt Supply 

D TTL Compatible 

MINI 3 

DENS 4 

SEPCLK 5 

SEPD 6 

WDOUT 7 

HLT/CLK 8 

CL KO UT 9 

GND 10 

18 P1 

17 PO 

16 TEST 

15 HLD 

14 LATE 

13 EARLY 

12 WDIN 

11 CLKIN 

FUNCTIONAL DESCRIPTION 

The FDC 9229 is an MOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-inch wide 20-pin package. A single pin will configure the 
chip to work with either the 179X or 765 type of controller. 
The FDC 9229 provides a number of different dynamically 
selected precompensation values so different that values 

FDC9229 
BLOCK DIAGRAM 
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may be used when writing to the inner and outer tracks of 
the floppy disk drive. The FDC 9229 operates from a + SV 
supply and simply requires that a TTL-level clock be con- I 
nected to the CLKIN pin. All inputs and outputs are TTL 
compatible. -

The FDC 9229 is available in two versions: The FDC 
9229/T are intended for 5%" disks and the FDC 92298/T 
for 5%'' and 811 disks. 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL 1/0 DESCRIPTION 

1 DSKD I This input is the raw read data received from the drive. (This input is 
active low.) 

2 FDCSEL I This input signal, when low, programs the FDC 9229 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 9229 is programmed 
for a 765 (8272) type of controller. (See fig. 4.) 

3 MINI I The state of this input determines whether the FDC 9229 is configured 
to support 8" or 5%" floppy disk drive interfaces. It is used in conjunction 
with the DENS input to prescale the clock for the data separator. The 
state of this input also alters the CLKOUT frequency, the 
precompensation value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.) 

4 DENS I The state of this input determines whether the FDC 9229 is configured 
to support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the 
CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.) 

5 SEPCLK 0 A square-wave window clock signal output derived from the DSKD input. 

6 SEPD 0 This output is the regenerated data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 

7 WDOUT 0 The precompensated WRITE DATA stream to the drive. 

8 HLT/CLK 0 When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occured following the HLD input going 
high. This output is retriggerable. (See fig. 3.) 

9 CLKOUT 0 This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS, and FDCSEL input pins. 
(See fig. 3.) 

10 GND Ground 

11 CLKIN I This input is for direct connection to a 16 MHz or 8 MHz single-phase 
TTL-level clock. 

12 WDIN I The write data stream from the floppy disk controller. 

13 EARLY I When this input is high, the current WRITE DATA pulse will be written 
early to the disk. 

14 LATE I When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 
When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 

15 HLD I This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time 
delay has elapsed. The delay is selected by the state of the MINI output. 
(See fig. 3.) 

16 TEST I This input (when low) decreases the head-load time delay and initializes 
the data separator. This pin is for test purposes only. This input has an 
internal pull-up resistor and should be tied high or disconnected for 
normal operation. 

17 PO I 

18 P1 I 
P2-PO select the amount of precompensation applied to the write data. 

19 P2 I 
(See fig. 2.) 

20 Vee +5 VOLT SUPPLY 
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OPERATION 

Data Separator 
The CLKIN input clock is internally divided by the FDC 9229 
to provide an internal clock. The division ratio is selected 
by the FDCSEL, MINI and DENS inputs depending on the 
type of drive used. (See fig. 1.) 

The FDC 9229 detects the leading (negative) edges of 
the disk data pulses and adjusts the phase of the internal 
clock to provide the SEPCLK output. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

The SEPCLK frequency is nominally 1/16 the internal clock 
frequency. Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi
nal of 8 to a minimum of 6 and a maximum of 11 internal 
clock cycles. 

INTCLK 

SEPCLK 

SEPD* Li I 
I I 

LJ 

lJ 
always two internal clock cycles 

Precompensation 
The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs of the FDC 9229 as per 
fig. 2. Logic levels present on these pins may be changed 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 

MINI P2 P1 PO PRECOMP VALUE 
0 0 0 0 O ns 
0 0 0 1 62.5 ns 
0 0 1 0 125 ns 
0 0 1 1 187.5 ns 
0 1 0 0 250 ns 
0 1 0 1 250 ns 
0 1 1 0 312.5 ns 
0 1 1 1 312.5 ns 
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INPUTS DIVISOR 
FDCSEL DENS MINI f(CLKIN)/f(INTCLK} 

0 0 0 2 
0 0 1 4 
0 1 0 4 
0 1 1 8 
1 0 0 4 
1 0 1 8 
1 1 0 2 
1 1 1 4 

FIG.1 

LJ 

*polarity of SEPD shown for FDCSEL =low. 

MINI P2 P1 PO PRECOMP VALUE 

0 0 0 O ns 
0 0 1 125 ns 
0 1 0 250 ns 
0 1 1 375 ns 
1 0 0 500 ns 
1 0 1 500 ns 
1 1 0 6.25 ns 
1 1 1 625 ns 

NOTE: All values shown are obtained with a 16 MHz ref
erence clock. Multiply pre-comp values by two for 
8 MHz operation. 

FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 
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OPERATION (CONT'D) 

Head Load Timer 
The head load time delay is either 40 ms or 80 ms, depend
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 mode. 

The FDC 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro
grammed amount of time until the HLT signal from the FDC 
9229 goes high before starting a read or write operation. 

FDCSEL 
0 
0 
0 
0 

INPUTS OUTPUTS 
FDCSEL DENS MINI CLKOUT HLT/CLK 

0 0 0 2MHz 40ms* 
0 0 1 1 MHz 80ms* 
0 1 0 2MHz 40ms* 
0 1 1 1 MHz 80ms* 

0 0 500 KHz BMHz 
0 1 250 KHz 4MHz 
1 0 1 MHz 8MHz 
1 1 500 KHz 4MHz 

NOTE: All values shown are obtained with a 16 MHz ref
erence clock. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 

*May be mask programmed at factory to any value from 1 
to 512 ms in 15.625 µs increments (MINI low) or 1to1024 
ms in 31.25 µs increments (MINI high). 

INPUTS 

FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 

FLOPPY DISK FLOPPY DISK FLOPPY DISK 
DENS MINI DRIVE TYPE DRIVE DENSITY CONTROLLER TYPE 

0 0 B"DRIVE DOUBLE 179X 
0 1 5%''DRIVE DOUBLE 179X 
1 0 B"DRIVE SINGLE 179X 
1 1 5%''DRIVE SINGLE 179X 

0 0 B"DRIVE SINGLE 765 (8272) 
0 1 5%''DRIVE SINGLE 765 (8272) 
1 0 8"DRIVE DOUBLE 765 (8272) 
1 1 5%" DRIVE DOUBLE 765 (8272) 

FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range ..................................................................... , . . 0°C to + 70°C 
Storage Temperature Range ........................................................................ - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 8.0V 
Negative Voltage on any 1/0 Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V 
Power Dissipation .......................................................................................... 0.75W 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. 

ELECTRICAL CHARACTERISTICS (TA = 0°C to 70°C, Vee = 5V ± 5%) 

PARAMETER MIN TYP MAX UNIT CONDITIONS 
DC CHARACTERISTICS 
INPUT VOLTAGE 

Low Level V,L -0.3 0.8 v Except CLKIN 
High Level v,H 2.0 (Vee) v 

CLKIN INPUT VOLTAGE 
Low Level -0.3 0.8 v 
High Level 2.4 (Vee) v 

OUTPUT VOLTAGE 
Low Level Vol 0.4 v l0L = 1.6 mAexcept HLT/CLK 

l0L = 0.4 mA, HLT/CLK only 
High Level V 0H 2.4 v loH = -100 µA except HLT/CLK 

JOH = - 400 µA, HLT /CLK only 

POWER SUPPLY CURRENT 
Ice 100 mA 

INPUT LEAKAGE CURRENT 
Ill 10 µ,A V,N = 0 to Vee 

INPUT CAPACITANCE 10 pF Except CLKIN 
C,N 25 pF CLKIN only 

ELECTRICAL CHARACTERISTICS (TA = 0°C to 70°C, V cc = 5V ± 5% 

PARAMETER MIN TYP MAX UNIT CONDITIONS 

AC ELECTRICAL 
All times assume CLKIN = 16 MHz unless otherwise specified) CHARACTERISTICS 

CLKIN frequency 3.95 16 16.2 MHz FDC 92298 
3.95 8 8.1 MHz FDC9229 

CLKIN DUTY CYCLE 25 75 O/o 

tclkoh 465 500 515 ns FDCSEL = low; MINI = high. 
215 250 265 ns FDCSEL = low; MINI = low. 
90 125 140 ns FDCSEL = high. 

twdo 280 312.5 350 ns Time Doubles with MINI = 1 
td 50 400 ns 
tdNEC 0 400 ns 
twdE 500 562.5 625 ns 9 clock times ± 1 clock time 
twdN precomp value See fig. 2 
twdl 2x precor value See fig. 2 
t. 1.0 µ,s 
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AC TIMING CHARACTERISTICS 

HLT/CLK (765 MODE) WDOUT PULSE WIDTH 

-{'.:= lwoo =-1-
CLKOUT VS. WDIN TIMING 

179X MODE 

CLKOUT 

~] 
I 

WDIN 

765 (8272) MODE 

CLKOUT 

SET-UP TIME P0, P1 AND P2 TO WDIN 

P0, P1, P2 'V ___ Jjl\. ___________ _ 

WDIN JV ----+--------

CLKOUT 
(179X) 

CLKOUT 
(765) 

~=--t.--~= 

WDOUT (EARLY) 

\ ___ / 

1, 2, or 4 µsec. 

CL KO UT 

CLKOUT __)t"" .. ,.i----
- ~ lclkoh 

PRECOMPENSATION WDOUT (NOMINAL) ---+--~I 

-__ t_.,,-=-----~-..--------. 
WDOUT (LATE) ~ \_ 
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TYPICAL SYSTEM IMPLEMENTATION-765 (8272) FDC 

765 (8272) 
G1 G2 

WP/TS 

FLT/TRO --)4-
RW/SEEK 

~ DO- DBO- FR/STP 
07 087 

LCT/DIR 

INT US1 

cs USO 
RD 

WR HDL 

AO ROY ROY FDC9229 

ORO IDX IDX 

DACK WE WE 
TEST 

TC HD SIDE SEL 
+5V-=t- FDCSEL 

RST WDOUT 
WDA WDIN 

PSO EARLY 
PS1 LATE 

ROW SEPCLK DSKD 

ROD SEPD 

MFM 
P2 

WCK MINI 

CLK DENS 
P1 

CLKOUT 

HLT/CLK 
PO 

CLKIN 

16MHz 
LATCH TTL INPUT 

00-07 

*The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertin9.l..II_L schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B. 
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ROY 

IDY 
WE 

SIDESEL 

DRIVE 

2 SIDED 

WPRT 

TRKOO 

FAULT 

FAULT 
RST 

STEP 
LOW CUR 

DIR 

DRSEL4 

DRSEL3 

DRSEL2 

DRSEL1 

HLD 

WDATA 

I RAW 
READ 

I 

':' 

ROY 

IDX 
WE 

SIDE 

MOTOR 
ON 



00-07 

00-07 

TYPICAL SYSTEM IMPLEMENTATION-179X FDC 

DRIVE 

179X 

TR00 
WPRT 

l.P. 
READY 

DIR 
STEP 

WG 

HLD 
DAL0-
DAL? 

RAWRD 

INTREQ 
HLT 

DAO 
RCLK 

RE ODEN 
WE 
cs WD 
A1 EARLY 
A0 LATE 
MR TG43 

CLK 

....-1-------------------------------------4TRK00 

.._1--------------------------------------~WPRT 

....-1-------------------------------------~INDEX 

...... 1-------------------------------------4READY 
t-------------------------------------4...,.DIR 
t-------------------------------------4...,.STEP 

t---------------------------------------4~ff~E 
t----------.... ----------------------------~HLD 

FDC-9229 

HLD 
SEPD 
HLT/CLK DSKD 
SEPCLK FDCSEL 

DENS 
WDOUT 

MINI 
WDIN 

TEST" 

EARLY 
P2 

LATE 

P1 

CL KO UT P0 
CLKIN 

16MHz 
TTL INPUT 

-

LATCH 

1-----------------------------------~MOTORON 

t----------------------------------------....,.SIDE 
t-----------------------------------------1~SEL3 

----------------------------------------~~sEL2 

----------------------------------------~~sEL1 

*The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the SKD input to the FDC9229/B. 

STANDARD MICROSYSTEMS 
CORPORATION liiiiliiiiiii 

35Ma<tusBtvd~.NY11788 
(516)273-3100 TWX·510-227 8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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FDC 9791 
FDC 9793 
FDC 9795 
FDC 9797 

floppy Disk 
Controller/Formatter 

f DC 

µPC FAMILY 

FEATURES 

0 +5 VOLT ONLY VERSION OF FDC179X-02 
0 SOFT SECTOR FORMAT COMPATIBILITY 
0 AUTOMATIC TRACK SEEK WITH VERIFICATION 
0 ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

0 READ MODE 
Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

OWRITEMODE 
Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

0 PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

0 SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
OMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 
0 WRITE PRECOMPENSATION (MFM AND FM) 
0 SIDE SELECT LOGIC (FDC 9795, FDC 9797) 
0 WINDOW EXTENSION (IN MFM) 

PIN CONFIGURATION 

NC 40 NC 
WE 39 INTRO 

cs 38 DRQ 

R'E 37 DDEN .. 

Ao 36 WPRT 

A, 35 iP 
DALO' 34 TROO 

DAL 1' 8 33 WF 

DAL2' , D" READY 

DAL3' 10 31 WD 

DAL4' 11 30 WG 

DAL5' 12 29 TG43 

DAL6' 13 28 HLD 

DAL 7' 14 27 RAW'R'EA5 
STEP 15 26 RCLK 

DIRC 16 25 RG/SSQ 

EARLY 17 24 CLK 

LATE 18 23 HLT 

MR 19 22 TEST 

GND 20 

'INVERTED BUS FOR FDC 9791, FDC 9795 
PACKAGE: 40 pin D.l.P. 

0 INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

0 COMPATIBLE WITH FDC 179X-02 
0 COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
0 COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 

GENERAL DESCRIPTION 

The FDC 979X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a sin
gle chip implementation. The basic FDC 979X chip design 
has evolved into four specific parts: FDC 9791, FDC 9793, 
FDC 9795, and the FDC 9797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 811 and SW' (mini-floppy) drives with single or double 
density storage capabilities are supported. These n
channel MOS/LSI devices will replace a large amount of 
discrete logic required for interfacing a host processor to 
a floppy disk. 

The FDC 9791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
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mode (MFM). The FDC 9791 contains enhanced fea
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window exten
sion, and write precompensation. 

The FDC 9793 is identical to the FDC 9791 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 

The FDC 9795 adds side select logic to the FDC 9791. 
The FDC 9797 adds the side select logic to the FDC 9793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This fam
ily of controllers is configured to operate on a multiplexed 
bus with other bus-oriented devices. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1 NO CONNECTION NC This pin is internally connected to the substrate bias generator and 
must be left open. 

20 GROUND Vss Ground 

21 POWER SUPPLY Vee +5V 

40 NO CONNECTION NC This pin is not connected. 

19 MASTER RESET MR A logic low on this input resets the device and loads HEX 03 into 
the command regis~The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 

COMPUTER INTERFACE: 

2 WRITE ENABLE WE A logic low on...!!J.is input gates data on the DAL into the selected 
register when CS is low. 

3 CHIP SELECT cs A logic low on this input seJects the chip and the parallel 
data bus (DAL). 

4 READ ENABLE RE A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS is low. 

5,6 REGISTER SELECT AO, A1 These inputuelect the register to receive/transfer data on the DAL 
LINES lines under RE and WE control: 

A1 AO RE WE 
0 0 Status Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 

7-14 DATA ACCESS LINES DALO- Eight bit Bidirectional bus used for transfer of data, control, and 
DAL? status. This..!2Qs is a receiver enabled by WE or a transmitter 

enabled by RE. The Data Bus is inverted on the FDC 9791, FDC 9792 
and FDC 9795. 

24 CLOCK CLK This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8" drives, 1 MHz for 5114'' drives. I 

38 DATA REQUEST ORO This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 

39 INTERRUPT REQUEST INTRO This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to + 5V. 

FLOPPY DISK INTERFACE: 

15 STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 

16 DIRECTION DIRC Direction Output is active high when stepping in. active low when 
stepping out. 

17 EARLY EARLY Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 

18 LATE LATE Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 

-- --

22 TEST TEST This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 

-- - -----~-----~ - ------ -- -----~ 

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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PIN NO. NAME SYMBOL FUNCTION 

25 READ GATE (9791/3) RG A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 

25 SIDE SELECT OUTPUT sso The logic level of the Side Select Output is directly controlled by 
(9795, 9797) the 'S' flag in Type II or Ill commands. When S=1, SSO is set to 

a logic 1. When S=O, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or Ill command. It is 
forced to a logic 0 upon a MASTER RESET condition. 

26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 

RAW 27 RAW READ The data input signal directly from the drive. This input shall be a 
READ negative pulse for each recorded flux transition. 

28 HEAD LOAD HLD The HLD output controls the loading of the Read-Write head 
against the media. 

29 TRACK GREATER TG43 This output informs the drive that the Read/Write head is positioned 
THAN 43 between tracks 44-76. This output is valid only during Read and 

Write Commands. 

30 WRITE GATE WG This output is made valid before writing is to be performed 
on the diskette. 

31 WRITE DATA WD A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 

32 READY READY This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type I operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 

33 WRITE FAULT/ WF/VFOE This is a bi-directional signal used to signify writing faults at the 
VFO ENABLE drive, and to enable the external PLO data separator. When WG = 1, 

Pin 33 functions as a WF input. If WF = 0, any write command will 
immediately be terminated. When WG = 0, Pin 33 functions as a 
VFOE output. VFOE will go low durin1 a read operation after the 
head has loaded and settled (HLT = 1 . On the 9795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 9791 /3, VFOE will remain low 
until the end of the Data Field. 

34 TRACK 00 TROD This input informs the FDC 979X that the Read/Write head is 
positioned over Track 00. 

35 INDEX PULSE iP This input informs the FDC 979X when the index hole is encountered 
on the diskette. 

36 WRITE PROTECT WPITT This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 

37 DOUBLE DENSITY ODEN This pin selects either single or double densi~ation. When 
ODEN= O, double density is selected. When ODEN= 1, single 
density is selected. 
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FUNCTIONAL DESCRIPTION 

The FDC 979X major functional blocks are as follows: 
Data Shift Register-This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 
Data Register-This 8-bit register is used as a holding 
register during Disk Read .and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans
ferred in parallel from the Data Register to the Data 
Shift Register. 
When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 
Sector Register (SR)-This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)- This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STA)-This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 

This register can be read onto the DAL, but not loaded 
from the DAL. 
CRC Logic-This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly
nomial is: G(x)=x16 +x12 +x5 +1. 
Track Register-This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 
The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 
Arithmetic/Logic Unit (ALU}-The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 
Timing and Control-All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 
AM Detector-The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 

OPERATION 

FDC 9791, FDC 9793, FDC 9795 and FDC 9797 have two 
modes of operation according to the state of ODEN (Pin 
37). When ODEN= 1, single density is selected. In either 
case, the CLK input (Pin 24) is at 2 MHz. However, when 
interfacing with the mini-floppy, the CLK input is set at 1 
MHz for both single deClsity and double density. When the 
clock is at 2 MHz, the stepping rates of 3, 6, 10 and 15 ms 
are obtainable. When CLK equals 1 MHz these times are 
doubled. 

Disk Read Operation 
Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, ODEN should be 
placed to logical "1 ". For MFM formats, ODEN should be 
placed to a logical "O". Sector lengths are determined at 
format time by a special byte in the "ID" field. If this Sec
tor length byte in the ID field is zero, then the sector length 
is 128 bytes. If 01then256 bytes. If 02, then 512 bytes. If 
03, then the sector length is 1024 bytes. The number of 
sectors per track can be from 1 to 255 sectors. The num
ber of tracks is from Oto 255 tracks. 
For read operations, the FDC 979X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux tran
sition and a Read clock (RCLK) signal to indicate flux 
transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. Wtien read
ing from the media in FM, RG is made true when 2 bytes 
of zeroes are detected. The FDC 979X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again. If an address mark is found within 10 bytes, RG 
remains true as long as the FDC 979X is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of "00" of "FF" are 
detected. The FDC 979X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG = 0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE will 
go active when: 

a) Both HLT and HLD are True 
b) Settling Time, if programmed, has expired 
c) The 979X is inspecting data off the disk 

If WF/VFOE is not used, leave open ortieto a 10K resistor 
to +5. 
On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con
tinues until the end of sector is reached. 

Disk Write Operation 
When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 979X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec
tion of this fault the FDC 979X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 
For write operations, the FDC 979X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (DDEN=1) 

and 250 ns pulses in MFM (ODEN =O). Write Data pro
vides the unique address marks in both formats. 
Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC 979X. The write precompen
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRO is generated if a Force 
Interrupt command condition is met. 

COMMAND WORDS 

The FDC 979X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 

Table 1. Command Summary 

BITS 
COMMAND TYPE 7 6 5 4 3 2 1 0 
Restore I 0 0 0 0 h v r, ro 
Seek I 0 0 0 1 h v r, ro 
Step I 0 0 1 u h v r, ro 
Step In I 0 1 0 u h v r, ro 
Step Out I 0 1 1 u h v r, ro 
Read Sector II 1 0 0 m F2 E F, 0 
Write Sector II 1 0 1 m F2 E F, ao 
Read Address Ill 1 1 0 0 0 E 0 0 
Read Track Ill 1 1 1 0 0 E 0 0 
Write Track Ill 1 1 1 1 0 E 0 0 
Force lnterruRt IV 1 1 0 1 b 12 1, lo 
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Type I Commands 
The Type I Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type I Commands contains a 
rate field (ror1), which determines the stepping motor 
rate as defined in Table 2. 
The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=O, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 979X receives 
a command that specifically disengages the head. If 
the FDC 979X is idle (busy = 0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 
The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V = 1, a verification 
is performed, if V=O, no verification is performed. 
During verification, the head is loaded and after an 
intP,rnal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 



is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC 979X terminates the operation and sends 
an interrupt (INTRO). 

The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=O, the track register is 
not updated. 

On the FDC 9795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 

Restore (Seek Track 0) 

Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the r1ro field are issued until 
the iROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC 979X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 

This command assumes that the Track Register contains 
the track number of the current position of the Read
Write head and the Data Register contains the desired 
track number. The FDC 979X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 

Step 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the r1ro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-In 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the r1ro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
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Step-Out 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the r1 ro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and O of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=O, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type 11 or 111 command. 

The rates (shown in Table 2) can be applied to a Step
Direction Motor through the device interface. 
Step-A 2µs (MFM) or 4 µs (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 

Direction (DIRC)-The Direction signal is active high 
when stepping in and low when stepping out. The Direc
tion signal is valid 12 µs before the first stepping pulse 
is generated. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2(V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRO is generated with no errors. The FDC 979X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRO is generated. 

Table 2. Stepping Rates 

CLK: 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 
ODEN: 0 1 0 1 x x 
r, ro TEST=1 TEST=1 TEST=1 TEST=1 TEST=O TEST=O 

0 0 3 ms 3 ms 6 ms 6 ms 184µs 368µs 
0 1 6 ms 6 ms 12 ms 12 ms 190µs 380µs 
1 0 10 ms 10 ms 20 ms 20 ms 198µs 396µs 
1 1 15 ms 15 ms 30 ms 30 ms 208µs 416µs 

The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h= 1), at the end of the Type I command if the verify 
flag (V= 1), or upon receipt of any Type II or Ill command. 
Once HLD is active it remains active until either a Type I 
command is received with (h=O and V=O); or if the 
FDC 979X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC 979X 
which is used for the head engage time. When HLT = 1, 
the FDC 979X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FOG 979X. 

HLDt----

~50 TO 100mS ~ f----11 -------
s HLT (FROM ONE SHOT) 

Head Load Timing 

When both HLD and HLT are true, the FDC 979X will then 
read from or write to the media. The "and" of HLD and 
HLT appears as a status bit in Type I status. 

TYPE I COMMANDS FLAG SUMMARY 
h =Head Load Flag (Bit 3) 

h=1, Load head at beginning 
h=O, Unload head at beginning 

V=Verify flag (Bit 2) 
V= 1, Verify on destination track 
V=O, No verify 

r, ro= Stepping motor rate (Bits 1-0) 

Refer to Table 2 for rate summary 
u=Updateflag (Bit4) 

u=1, Update Track register 
u=O, No update 

Type II Commands 
The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type 11 Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag =1 ·(this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msecdelay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 
When an ID field is located on the disk, the FDC979X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read· and a comparison is again made. If there 

is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FOG 979X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter
minated with an interrupt. 
Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FOG 979X will read 
or write multiple records starting with the sector presently 
in the sector register. The FOG 979X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 
If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 
The Type 11 commands also contain side select compare 
flags. When C=O, no side comparison is made. When 
C= 1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 979X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record
Not-Found status bit is set. 

The FOG 9795/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 

Sector Length Table (9791 /3 only) 

Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 

00 128 
01 256 
02 512 
03 1024 

Field Format 

GAP ID TRACK SIDE SECTOR SECTOR CRC CRC GAP DATA CRC CRC 
111 AM NUMBER NUMBER NUMBER LENGTH 1 2 II AM DATA FIELD 1 2 

ID FIELD DATA FIELD 

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4and 5 missing. 

458 



Read Sector 
Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not
Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi
nated (even if it is a multiple record command). 
At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 

STATUS 
BIT 5 

1 
0 

BIT 

Deleted Data Mark 
Data Mark 

6 5 4 3 2 1 0 COMMAND 

0 0 m F2 E F1 0 READ SECTOR 

m F2 E F1 ao WRITE SECTOR 

Write Sector 
Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 979X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 

ao 
1 
0 

Data Address Mark (Bit 0) 

Deleted Data Mark 
Data Mark 

The FDC 979X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 

L DATA ADDRESS MARK ( )---cO=Write hex FB (data) into Data Address Mark field 
ao 1 =Write hex F8 (deleted data) into Data AM field 

ro=Side number not tested 
F, (9791/3) SIDE COMPARE FLAG (C) l_1=Side number tested 

--CO=Update SSO to O 
F, (979517) SIDE SELECT FLAG (S) 1=Update SSO to 1 

ro=No delay between HLD activation and HLT Sampling 
DELAY (El--,_1 =15 ms delay between HLD activating and HLT Sampling 

_fO=Compare for side O 
F2 (9791/3) SIDE SELECT FLAG (S) -u=compare for side 1 

Sector Length Field 
00 01 10 11 

F2 (9795/7) SECTOR LENGTH FLAG (b)lo1_'.: 
256 512 1024 128 
128 256 512 1024 

_fO= Read (or Write) Single Sectors 
MULTIPLE SECTORS. (m)l..1 =Read (or Write) Multiple Sectors 

Figure 1. Type II and Ill Flag Summary 
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Type Ill Commands 
There are three Type Ill Commands: 
• READ ADDRESS-Read the next ID field (6 bytes) 

into the FDC. 
• READ TRACK-Read all bytes of the entire track, 

including gaps. 
• WRITE TRACK-Write all bytes to the entire track, 

including gaps. 
Read Address 
Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 

TRACK 
ADDA 

SIDE 
NUMBER 

2 

SECTOR 
ADDRESS 

3 

SECTOR 
LENGTH 

4 

CRC CRC 
1 2 

5 6 

Although the CRC characters are transferred to the 
computer, the FDC979X checks for validity and the CRC 

ns---.... u 
G~~.3 GAP GAP C2 FC G~P 
SYNC 4 5 

INDEX DETECTED J J 
DR=F6 WRITE 
3 TIMES MFM ONLY 

ID 
FIELD 1 

GAP 
2 

error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 
Read Track 
Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro
nized to each Address Mark encountered. Upon com
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

Write Track 

DATA 
FIELD 1 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 

1--COMPLETE SECTOR --1 
GAP 

3 
ID 

FIELD 2 
GAP 

2 
DATA GAP 

FIELD 2 3 

TRACK SIDE SECTOR SECTOR CRC CRC GAP * DATA DATA 
NUMBER NUMBER NUMBER LENGTH 1 2 2 AM FIELD 

DR=FEJ J ~ 
TRACK NUMBERS: 00-4A 

SINGLE SIDED: NUMBER=OO 
DOUBLE SIDED. SIDE 0=00 
DOUBLE SIDED, SIDE 1 =01 

SECTOR NO. 

01-1A 
01-0F 
01-08 

BYTES/SECTOR 
FM MFM 

128 
256 
512 

256 
512 

1024 

0 DR=F5 WRITE 3 TIMES MFM ONLY 

SECTOR LENGTH 

00= 128 
01 = 256 
02= 512 
03= 1024 

Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of FS in MFM. 
Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper. formatting. This includes 
gap as well as data bytes. 
The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 
Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex FS through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, FS through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera
tion of the FDC during formatting. 

BIT 

7654321 COMMAND 

1 1 0 1 b '2 11 FORCE INTERRUPT 

Type IV Commands 
Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 
The four bits, lo-b, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRO 
goes high, causing the required interrupt. 
If lo-bare all "O'', no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for b= 1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-b all low. 

Status Register 

The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure4 illustrates 
the meaning of the status bits for each command. 

IO=No effect 
READY TRANSITIONL__1 =Forces INTRO when READY input goes low-to-high 

-CO= No effect 
NOT-READY TRANSITION 1 =Forces INTRO when READY input goes high-to-low 

INDEX PULSE IO=No Effect 
l_1 =Forces INTRO on next INDEX pulse input 

IMMEDIATE-[O=No effect 
1 =Forces INTRO immediately 

Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 

COMMAND STATUS BIT 

7 6 5 4 3 2 1 0 

ALL TYPE I Not Ready Write Protect Head Loaded Seek Error CRC Error Track O Index Busy 

READ SECTOR Not Ready 0 Record Type Rec not Found CRC Error Lost Data DAO Busy 

WRITE SECTOR Not Ready Write Protect Write Fault Rec not Found CRC E.rror Lost Data DAO Busy 

READ ADDRESS Not Ready 0 0 Rec not Found CRC Error Lost Data DAO Busy 

READ TRACK Not Ready 0 0 0 0 Lost Data DAO Busy 

WRITE TRACK Not Ready Write Protect Write Fault 0 0 Lost Data DAO Busy 

Figure 48. Status Description for Type I Commands 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 

SS HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 

S3 CRC ERROR CRC encountered in ID field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 

S1 INDEX yyhen set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

so BUSY When set command is in progress. When reset no command is in progress. 

Figure 4C. Status Description for 'JYpe II and Ill Commands 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and Ill Commands will not execute unless the drive is ready. 

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 

SS RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 

reset when updated. 

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
FOUND (RNF) when updated. 

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 

S2 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 

S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 

so BUSY When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS 

Write Data Pulse Width Twp 450 500 550 nsec 
150 200 250 nsec 

Write Gate to Write Data Twg 2 µsec 
1 µsec 

Write data cyle Time Tbc 2, 3, or 4 µsec 
Early (Late) to Write Data Ts 125 nsec 
Early (Late) From Th 125 nsec 
Write Data 
Write Gate off from WO Twf 2 µsec 

1 µsec 
WO Valid to Clk Twdl 100 nsec 

50 nsec 
WO Valid after Clk Twd2 100 nsec 

30 nsec 

These values are doubled when CLK= 1 MHz. 

Write Data Timing 

WAITE GATE 

...j Twg 1--Tbc-----J Twpl .... •----•-I Twf I-
WAITE DATA 

EARLY OR LATE 
(IFON) 

___ ..... 

[____SOOns-•I 
CLK I -

(1MHZ) l.._ _____ __,I L 
I 

Twd1~ I
WM 
f---Twd2 

~125 
CLK I • 1 • 12s---J 

!2MHZl l._ _______ __,I 

wD--------'-~.__.__,__,____,__.-'--' 
Twd1-----l 

WAITE DATA/CLOCK RELATIONSHIP 
(DDEN=O) 
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l--Twd2 

CONDITIONS 

FM 
MFM 
FM 

MFM 
±CLK Error 

MFM 
MFM 

FM 
MFM 

CLK=1 MHZ 
CLK=2 MHZ 
CLK=1 MHZ 
CLK=2 MHZ 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ......................................................................... 0°C to + 70°C 
Storage Temperature Range ...................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on Pin 40, with respect to ground ............................................................ + 15V 
Positive Voltage on any other Pin, with respect to ground ...................................................... +av 
Negative Voltage on any Pin, with respect to ground ........................................................ - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA ':= 0°C to 70°C, V cc = + 5V ± 5%, unless otherwise noted) 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 

v L~i~~.t'!?!N411-y Input Voltage Levels 
Low Level, V1L 0.8 
High Level, V1H 2.0 V nc l1tnits ares specif1cauo 

Output Voltage Levels 
Ub1ect to Cha~ge, 

Low Level VoL 0.45 v loL=1.6 mA 
High Level VoH 2.4 v loH=100 µA 

Output Leakage, ILo 10 µA 0.4 ~ 3.5V 
Input Leakage, I 1L 10 µA 0.4 ~ 3.5V 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Supply Current 160 mA 

AC CHARACTERISTICS 
Processor Read Timing 

Address Setup Time tsETR 50 ns Figure 5 
Address Hold Time tHLDR 10 ns Figure 5 
RE Pulse Width (CL=50pF) tRE 400 ns Figure 5 
DRQ Reset Time toRR 500 ns Figure 5 
INTRO Reset Time t1RR 500* 3000* ns Figure 5 
Data Delay Time (CL=50pF) toACC 350 ns Figure 5 
Data Hold Time (CL =50pF) tooH 50 150 ns Figure 5 

Microprocessor Write Timing 
Address Setup Time tserw 50 ns Figure 6 
Address Hold Time tHLDW 10 ns Figure 6 
WE Pulse Width twe 350 ns Figure 6 
DRQ Reset Time toRR 500 ns Figure 6 
INTRO Reset Time t1RR 500* 3000* ns Figure 6 
Data Setup Time tos 250 ns .Figure 6 
Data Hold Time toH 70 ns Figure 6 

Disk Input Data Timing 
RAWREAD Pulse Width tpw 100· 200 ns Figure 7, See Note 
Clock Setup Time td 40 ns Figure 7 See Note 
Clock Hold Time for MFM tcd 40 ns Figure 7 
Clock Hold Time for FM tcs 40 ns Figure 7 
RAWREAD Cycle Time tbc 1500 ns 1800 at 70° C, Figure 7 

RCLK High Pulse Width MFM ta 0.8 1* µs Figure 7 
FM 0.8 2* µs Figure 7 

RCLK Low Pulse Width MFM tb 0.8 1* µs Figure 7 
FM 0.8 2* µs Figure 7 

RCLK Cycle Time MFM tc 2* µs Figure 7 
FM 4* µs Figure 7 

Miscellaneous Timing 
CLK Low Pulse Width tco1 230 250 20000 ns Figure 8 
CLK High Pulse Width tco2 200 250 20000 ns Figure 8 

STEP Pulse Width MFM tsrP 
2· µs Figure 8 

FM 4* µs Figure 8 
DIRC Setup Time to1R 12 µs Figure 8 
MR Pulse Width tMR 50* µs Figure 8 
IP Pulse Width t1p 10· µs Figure 8 
WF Pulse Width twF 10· µs Figure 8 
CLK Cycle Time tcvc 0.5* µs F!_g_ure 8 

• These Values are doubled when CLK = 1 MHz. 
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Figure 5. 
Microprocessor 
Read Timing 

Figure 6. 
Microprocessor 
Write Timing 

Figure 7. 
Disk Input 
Timing 

Figure 8. 
Miscellaneous 
Timing 

1 • --I To•• 16FFM) or 32µ5 • (FM) 

~TIRA~ DAO----' 

i----

1 

INTRO I I 
~----+ I -JTHLO:x:::t- - - - - -- -----~ 

A,,,A, ----A- - - - - - - 1-

RE--~-TmT T••-1r-------
To•cc ---1 t= I 

DALo-DAL7----------<c:::c:::::>.>-------------

-l TooH~ 

I
• 16µ5 ' (MFM) or 32µs ' (FM) 

-i ToAA t- --~1 -
DAO----' ~T1AA===1 

INTRO I _I I 
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Tc 

Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CU<.~ 2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz 
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DISK FORMATS 

Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 
IBM 3740 Format 
This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 
IBM System 34 Format 
This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 
Non-IBM Formats 
Unique (non-IBM) formats are permissible provid
ing the following restrictions are understood. 
•Sector length may only be 128, 256, 512, or 

1024 bytes. 
•Gap sizes must conform to Figure 11. 

ONE 
SECTOR 

<D 

Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 

DATA NO.OF 
BYTE 

BYTES 
COMMENTS 

(hex) 

FF ·::i-I-Gap 5 
(Post Index) 

00 
FC 1 Index AM 
FF ':J Gap 1 

00 
FE 1 IDAM 

xx 1 Track Number 
(00-4C) 

ox 1 Side Number 
(00 or 01) 

xx 1 Sector Number 
(01-1A) 

00 1 Sector Length 
(128 bytes) 

F7 1 Causes 2-Byte 
CRC to be 
Written 

FF 1~JI Gap 2 (ID Gap) 

00 
FB 1 Data AM 

ES 128 Data Field 
F7 1 Causes 2-Byte 

CRC to be 
Written 

FF 27 Part of Gap 3 

<D 
(Data Gap) 

FF 247 Gap 4 
(Pre Index) 

NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PEA TRACK. 

2. CONTINUE WAITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 

ONE 
SECTOR 

<D 

Figure 10. 
Byte Sequence 
for IBM System-34 
Formatting 

GAP 

Gap 1 

Gap 2 

Gap 3 

Gap 4 

DATA 
NO.OF BYTE COMMENTS 

(hex) BYTES 

4E ·:r Gap 5 
t- (Post Index) 

00 12 
F6 3 Writes C2 
FC 1 Index AM 
4E 5~~ 00 12 +-Gap 1 

FS 3 WritesA1 

FE 1 IDAM 
xx 1 Track Number 

(00-4C) 
OX 1 Side Number 

(00 or 01) 
xx 1 Sector Number 

(OHA) 
01 1 Sector Length 

(256 Bytes) 
F7 1 Causes 2-Byte 

CRC to be 
Written 

4E 2a-I-Gap 2 (ID Gap) 
00 12 
F5 3 WritesA1 

FB 1 Data AM 
40 256 Data Field 
F7 1 Causes 2-Byte 

CRC to be 
Written 

4E 54 Part of Gap 3 

598 <D 
(Data Gap) 

4E Gap 4 
(Pre Index) 

NOTES: 1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK. 

2. CONTINUE WAITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT. 

SINGLE DOUBLE 
DENSITY DENSITY 

(FM) (MFM) 

16 bytes FF 16 bytes 4E 

11 bytes FF 22 bytes 4F 
6 bytes 00 12 bytes 00 

3 bytes A1 

10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 

3 bytes A1 

16 bytes FF 16 bytes 4E 

NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
2. THESE BYTES COUNTS ARE MINIMUM 

EXCEPT FOR 3 BYTES Al, WHICH IS EXACT. 

Figure 11. Gap Size Limitations 

NOTE 

2 

1 

2 

2 

35Mwcu5BMl.~.NY117'88 
(516)273-3100 TWX·5!0·227·8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 

' 
HOC 1100-01 

PRELIMINARY 

Hard Disk Serial to Parallel Converter 

FEATURES 

0 Single + 5 Volt Power Supply 
0 Double Buffered 
0 Byte Strobe Outputs 
0 5 MBit Shift Rate 
0 Serial lnpuUParallel Out 
0 20 Pin DIP 
0 n-Channel COP LAMOS® Silicon Gate Technology 

GENERAL DESCRIPTION 

PIN CONFIGURATION 

CLK 1 20 Vee 

NC 2 19 EN 

BCLR 3 18 NAZ 

TEST 4 17 ST 

000 5 16 OOUT 

001 6 15 BOONE 

002 7 14 SHFCLK 

003 8 13 007 

004 9 12 006 

V55 10 11 005 

The HOC 1100-01 converts NAZ data from a Winchester 
disk drive into eight bit parallel form. Additional inputs are 
provided to initiate the conversion process, as well as out
put strobes to indicate the completion. 

The HOC 1100-01 contains two sets of 8 bit registers. This 
allows one register to be read (in parallel) while serial data 
is being shifted into the other. 

NRz--

CLK--+...-t 

+5V 

s 
a a---~ 

Bit 
Counter 

cp 

8Bit 
Shift Register 

8 Bit Register 

Q 

000 001 002 003 004 005 006 007 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NUMBER SYMBOL NAME FUNCTION 

1 CLK CLOCK NRZ data is entered into the 8-bit shift register on the 
low-to-high transition of clock. 

2 NC NO CONNECTION No connection. This pin is to be left open by the user. 

3 BCLR BYTE CLEAR 

4 TEST TEST INPUT 

5-9, 11-13 000-007 DATAO-DATA7 

10 Vss GROUND 

14 SHFCLK SHIFT CLOCK 

15 BOONE BYTE DONE 

16 DOUT DATA OUT 

17 ST START 

18 NRZ NRZDATA 

19 EN ENABLE 

20 Vee Vee 

OPERATION 

Prior to shifting data through the device, the HOC 1100-01 
must be synchronized to the data stream. The ST line (Pin 
17 high) is used to hold the internal bit counter in a cleared 
state until valid data (NRZ) and clocks (CLK) are entered. 
The ST line is a synchronous input and therefore requires 
one full cycle of the CLK line (Pin 1) to occur in order to accept 
a ST condition. After this happens, the device is ready to 
perform serial to parallel conversions. 
Data is entered on the NRZ line and clocked into the 8-bit 
shift register on the low-to-high transition of CLK. The ST 
line must be set low during the low time of CLK. Data is 
accepted on low-to-high transition of the clock while the high
to-low transition of CLK increments the bit counter. After 8 
data bits have been entered the final high-to-low transition 
of CLK sets an internal latch tied to the BOONE line (Pin 
15). At the same time, the contents of the shift register are 
parallel loaded into an 8 bit register making the parallel data 
available on the 000-007 outputs. BOONE will remain in a 
latched state until the BCLR is set to a logic 0, clearing off 
the BOONE signal. BCLR is a level triggered input and must 
be set back to a logic 1 before the next 8 bits are shifted 
through the register. BCLR has no effect on the serial shift
ing process. When the next 8 bits are received, BOONE will 
again be set and the operation continues. 

When this line is at a logic 0, the BOONE (pin 15) line is 
held reset. 

This pin must be left open by the user. 

8 bit parallel data outputs. 

Ground. 

Inverted copy of CLOCK (pin 1) which is active when 
EN (pin 19) is at a logic 1. 

This signal is forced to a logic 1 signifying B bits of data 
have been assembled. BOONE remains in a logic 1 
state until reset by a logic 0 on the BCLR (pin 3) line. 

Serial Data Output from the 8th stage of the internal 
shift register. DOUT is in a high impedance state 
whenever EN (pin 19) is at a logic 0. 

This line enables the byte counter and is used for 
synchronization. It must be held to a logic 1 prior to first 
data bit on the NRZ (Pin 18) line. 

NRZ serial data is entered on this pin and clocked by 
the low to high transition of CLK (pin 1 ). 

When this signal is at a logic 0, DOUT, SHFCLK, and 
BOONE outputs are in a high impedance state. 

+ 5V power supply input. 

When interfacing to a microprocessor, BOONE is used to 
indicate a parallel byte is ready to be read. As the processor 
reads the data out of the 000-007 lines, the BCLR line 
should be strobed to clear off BOONE in anticipation of the 
next assembled byte. An address decode signal generated 
at the host may be used for this purpose. During a power
up condition, the state of BOONE is indeterminant. It is rec
ommended that BCLR be strobed low after power-up to 
insure that BOONE is cleared. 
The serial output line from the last stage of the shift register 
is available on the DOUT pin. An inverted copy of CLK is 
available on the SHFCLK pin. Both DOUT (Pin 16) and 
SHFCLK (Pin 14) can be used to drive another shift register 
external to the device. 

The three signals BOONE, DOUT, and SHFCLK can be 
placed in a high impedance state by setting EN (Pin 19) to 
a logic O. Likewise, EN must be at a logic 1 in order for these 
signals to be active. 

The TEST pin is internally OR'ed with the ST line to inhibit 
the bit counter. It is recommended that TEST be left open 
by the user. An internal pull-up resistor is tied to this pin to 
satisfy the appropriate logic level required internally for 
proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 

SYMBOL PARAMETER MIN TYP1 MAX 

VIL Input Low Voltage -0.2 0.8 
V,H Input High Voltage 2.4 
Vo Output Low Voltage 0.4 
VoH Output High Voltage 2.4 
Vee Supply Voltage 4.5 5.0 5.5 
Ice Supply Current 100 

AC ELECTRICAL CHARACTERISTICS: TA= 0°C to 50°C; Vee= 5V ± 10%, V55 = OV 

SYMBOL PARAMETER MIN TYP1 MAX 

tel CLK FREQUENCY 0 5.25 
tLS l CLKtoST 0 
tHS T CLKto ST 0 
tos Data set-up to T CLK 15 
tVB BOONE valid from T CLK 65 110 
tRS BOONE reset from BCLR 110 
tsw BCLR Pulse Width 50 
tsc T CLK to l SHFCLK 90 
tcs l CLK to T SHFCLK 100 
tso Data delay from T SHFCLK 55 
tFO Enable to DOUT ACTIVE 90 
tDH Data Hold w.r.t. T CLK 25 

NOTES: 1. Typical Values are for TA = 25°C and Vee = + 5.0V 
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UNIT CONDITION 

v 
v 
v loL = 3.2 mA 
v loH = - 200µ.A 
v 

mA All Outputs Open 

UNIT CONDITION 
MHZ 
nsec ST = 1 (min 200nsec) 
nsec ST = 1 (min 200nsec) 
nsec 
nsec EN= 1 
nsec EN= 1 
nsec EN= 1 
nsec EN= 1 
nsec EN= 1 
nsec EN= 1 
nsec 
nsec 
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STANDARD MICROSYSTEMS 
CORPORATION jlliiiillil 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORA~JilOiN~1a iiiiiiiiiiiiiiiii 

II I 

HOC 1100-12 
PRELIMINARY 

Hard Disk Improved MFM Generator 

FEATURES 

D Single + 5 Volt Power Supply 
D Write Precompensation 
D Address Mark Generation 
D 5 Mbit Data Rate 
D Converts NRZ to MFM 
D 20 Pin DIP 
D n-Channel COPLAMOS® Silicon Gate Technology 

PIN CONFIGURATION 

NRZ 1 20 Vee 

SKPEN 2 19 AO 

WCLK 3 18 A1 

WCLK 4 17 MR 

RWC 5 16 MFM 

cs 6 15 INTRO 

DROCLK 7 14 DRO 

INTCLK 8 13 EARLY 

2XDR 9 12 LATE 

Vss 10 11 NOM 

GENERAL DESCRIPTION 

The HOC 1100-12 "improved" MFM Generator converts 
serial NRZ data into an MFM (Modified Frequency Modu
lated) data stream. The MFM signal may be used to record 
information on a Winchester Disk. 
In addition, the HOC 1100-12 generates Write Precompen-

RWC 

NRZ E EARLY 
NOM 

WRITE LATE 

WCLK 4BIT PRECOMP 
SHIFT GEN. 
REG. 

WCLK 
MFMGEN MFM 

SKPEN 

MFM GENERATOR 

471 

sation signals required to compensate for bit shift effects 
on the recording medium. 

The HOC 1100-12 has the ability to delete clock pulses in 
the outgoing data stream in order to record Address Marks. 

DROCLK 

DRO 

INTCLK 
INTRO 

AO 

A1 DECODE 
LOGIC 

cs 
MR 

INTERRUPT CONTROLLER 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NUMBER SYMBOL NAME FUNCTION 

1 NAZ NON-RETURN-TO NAZ data input that is strobed into the MFM generator 
ZERO byWCLK(l). 

2 SKPEN SKIP ENABLE This input arms the SKIP logic for recording Address 
Marks when set to a logic 1. 

3 WCLK WRITE CLOCK Complimentary clock inputs. NAZ data is clocked into 

4 WCLK WRITE CLOCK the MFM Generator on the high-to-low transition of 
WCLK (pin 3). 

5 RWC REDUCED WRITE This signal when high, enables EARLY, LATE and 
CURRENT NOM outputs. 

9 2xDR 2 TIMES DATA RATE This input is used to latch EARLY, LATE, NOM and 
MFM outputs. 

10 Vss Vss Ground. 

11 NOM NOMINAL Output signal from the Write Precompensation Logic 
used to signify that data is to be written nominal. 

12 LATE LATE Output signal from the Write Precompensation Logic 
used to signify that data is to be shifted LATE before 
writing. 

13 EARLY EARLY Output signal from the Write Precompensation Logic 
used to signify that data is to be shifted EARLY before 
writing. 

16 MFM MFM DATA This outRut contains the MFM encoded data derived 
from the NAZ (pin 1) line. 

6 cs CHIP SELECT Low input signal used to enable the Address decode 
logic. 

8 INTCLK INTERRUPT A high-to-low transition on this line will latch the INTRO 
REQUEST CLOCK (pin 15) at a logic 0. 

7 DRQCLK DATA REQUEST 
CLOCK 

15 INTRO INTERRUPT 
REQUEST 

14 DRQ DATA REQUEST 

17 MR MASTER RESET 

18, 19 Ao. A, ADDRESS 1, 0 

20 Vee Vee 

OPERATION 
The HOC 1100-12 is divided into two sections: MFM Gen
erator and Interrupt Logic. The MFM Generator converts 
NAZ data into MFM data and provides Write Precompen
sation signals. The Interrupt Logic may be used to generate 
Interrupt signals. The two sections of the device are iso
lated and have no common input or output signals. 

Prior to entering data, the SKPEN line must be set to a logic 
Oto enable only clocks in the data stream. Data is entered 
on the NAZ line and strobed on the high-to~low transition of 
WCLK. The encoded NAZ data appears on the MFM (pin 
16) output lagging by one clock cycle. 

Write Precompensation signals EARLY, LATE, and NOM are 
generated as each data or clock pulse becomes available 
at the input when RWC is logic 1. 

The SKPEN signal is used to record a unique data/clock 
pattern as an Address Mark, using A 1 data with OA clock. 
This pattern is used for synchronization prior to data or ID 
fields that are read from the disk. 

When the SKPEN signal is set to a logic 1, the internal skip 

A high-to-low transition on this line will latch the DRQ 
(pin 14) at a logic 0. 

This output is latched at a logic 0 when INTCLK (pin 8) 
makes a high-to-low transition while the decode logic is 
disabled. 

This output is latched at a logic 0 when DRQCLK (pin 
7) makes a high-to-low transition while the decode 
logic is disabled. 

A low level on this line causes DRQ and INTRO to set 
at a logic 1. 

When CS is low and the address lines are high, INTRO 
is cleared; if the address lines are low then DRQ gets 
cleared. (i.e. set at a logic 1). 

+ 5V power supply input. 

logic is enabled. As long as zeroes are being shifted into 
the NAZ line, the device generates normal MFM data. On 
receipt of the first non-zero bit (typically the MSB of the A 1 
16) the skip logic begins to count WCLK cycles. When the 
MFM generator tries to produce a clock between data bits 
2 and 3, the skip logic disables the MFM generator during 
that time. The result for A 116 data is a clock pattern of OA16 

instead of OE 16• Although other data patterns may be used, 

MR A, Ao cs DRQ INTRQ 

0 x x x H H 

1 x x 1 ON ON 

1 0 0 0 H ON 

1 1 1 0 ON H 

1 1 0 0 ON ON 

1 0 1 0 ON ON 

X = Don't care ON = remains at previous state 

INTERRUPT REQUEST LOGIC TABLE 
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the MSB of the pattern must be a 1 (8016 or higher) in order 
to enable the skip logic at the proper time. After the skip 
logic has performed, it then disables itself and MFM data is 
recorded normally starting with the succeeding byte. To re
enable the skip logic again, the SKPEN line must be strobed. 

The Interrupt Logic is used to clear Data Requests (ORO) 

and Interrupt Requests (INTRO) .Qy_selecting CS (pin 6) in 
combination with AO and A 1. The MR (Master Reset) signal 
is used to clear both ORO and INTRO simultaneously. ORO 
and Tf\.JTRO can be set to a logic O only by a low level or 
DROCLK and INTCLK respectively. The signal will remain 
at a logic O until cleared by a MR or proper address selec
tion via CS, A 1 and AO. 

TOBE SENT 
LAST DATA SENT SENDING NEXT EARLY LATE NOM 

x 1 1 0 H L L 

x 0 1 1 L H L 

0 0 0 1 H L L 

1 0 0 0 L H L 

ANY OTHER PATTERN L L H 

WRITE PRECOMPENSATION LOGIC TABLE 

MAXIMUM GUARANTEED RATINGS* 

-
SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITIOr-. 

VIL Input Low Voltage -0.2 0.8 v 
VIH Input High Voltage 2.4 v 
VOL Output Low Voltage 0.4 v loL = 3.2 mA 
VoH Output High Voltage 2.4 v loH = -200µA 
Vee Supply Voltage 4.5 5.0 5.5 v 
Ice Supply Current 100 mA All Outputs Open 

AC ELECTRICAL CHARACTERISTICS: TA= 0°C to 50°C; Vee= +5V ::+:: 10%; V55 = OV 

SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITION 

tFR WCLK FREQUENCY 5.25 MHZ 
tos Data Setup w.r.t. ! WCLK 10 nsec 
tOH Data hold w.r.t. ! WCLK 25 nsec 
tMF i WCLK to iMFM delay 210 nsec Pin 1 LOW 
tFM ! WCLK to ! MFM delay 230 nsec Pin 1 LOW 
tWN Data delay to NOM from 240 nsec 

!WCLK 
twE Data delay to EARLY from 230 nsec 

!WCLK 
tWL Data delay to LATE from 230 nsec 

lWCLK 
tMR Master reset pulse width 50 nsec 
tMO l MRtoi ORO 150 nsec 
tMI !MR to i INTRO 150 nsec 

too DROCLK pulse width 50 nsec 

t1a INTCLK pulse width 50 nsec 

too ! DROCLK to ORO 120 nsec 

t11 ! INTCLK to INTRO 120 nsec 

tAO !AXto i ORO 145 nsec 

tAI i AX to i INTRO 160 nsec 

tco l CS to i ORO 145 nsec 

tc1 l CS to i INTRO 180 nsec 

tRN i RWCto! NOM 145 nsec 

tTE ! 2XDR to i EARLY 75 nsec 

tTN ! 2XDR to i NOM 75 nsec 

tTL ! 2XDR to i LATE 75 nsec 

Notes: 1. Typical Values are for TA = 25°C and Vee = + 5.0y. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assun ed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devic•< described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any :,me in order to improve design and supply the best product possible. 
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HOC 1100-03 
PRELIMINARY 

Hard Disk Address Mark Detector 

FEATURES PIN CONFIGURATION 

D Single + 5 Volt Power Supply 
D Decodes A 1-0A 
D Synchronous Clock/Data Outputs 
0 5 MBit Data Rate 
D Address Mark Detection 
0 20 Pin DIP 
D n-Channel COPLAMOS ®Silicon Gate Technology 

GENERAL DESCRIPTION 

RCLK 1 

DIN 2 

RCLK 3 

CLKIN 4 

DOUT 5 

NC 6 

NC 7 

TEST1 8 

ENDET 9 

Vss 10 

20 Vee 

19 AST 

18 CP 

17 NC 

16 AMDET 

15 AMDET 

14 QOUT 

13 NC 

12 DCLK 

11 TEST2 

The HOC 1100-03 Address Mark Detector Provides an effi
cient means of detecting Address Mark Fields in an MFM 
(NAZ) data stream. MFM clocks and data are fed to the 
device along with a window clock generated by an external 
data separator. The HOC 1100-03 searches the data stream 

for a DATA = A 1, CLK = OA pattern and produces and AM 
DET signal when the pattern has been found. NAZ data is 
output from the device for driving a serial/parallel converter. 
An uncommitted latch is also provided for use by the data 
separator circuitry if required. 

CP : AST 

DIN D 

RCLK c 
R 

ENDET 

R 

CLK IN ---+----40 

RCLK ---uc 

+5V t? aj 

SBIT 
SHIFT REG 

a 

----TEST1 

t-----1- DCLK 

---~- AMDET 

L.._,...--.---y-...,--r-...--..--......,...JJ------AMDET 

SBIT 
SHIFT REG 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NUMBER SYMBOL NAME FUNCTION 

1 RCLK READ CLOCK Com~mentary clock inputs used to clock DIN and 
3 RCLK READ CLOCK CLK IN into the AM detector. 

2 DIN DATA INPUT MFM data pulses from the external Data Separator are 
connected on this line. 

4 CLKIN CLOCK INPUT MFM clock pulses from the external Data Separator 
are connected on this line. 

5 DOUT DATA OUTPUT Data Output from the internal Data Shift register, 
synchronized with DCLK. 

6, 7, 13, 17 NC No Connection To be left open by the user. 
8 TEST1 TEST1 To be left open by the user. 11 TEST2 TEST2 
9 ENDET ENABLE A logic 1 on this line enables the detection logic to 

DETECTION search for a data A 1,6 and clock. 
10 Vss Vss GROUND. 
12 DCLK DATA CLOCK Clock output that is synchronized with DATA OUT (Pin 

5). 
14 QOUT LATCH OUTPUT S!g_nal output from the uncommitted latch. 
15 AMDET ADDRESS MARK 

Complimentary Address Mark Detector output. These DETECT 
16 AMDET ADDRESS MARK 

signals will go active when a Data = A 1,6 Clock = OA, 6 

DETECT 
pattern is detected in the data stream. 

18 CP CLOCK PULSE A low-to-high transition on this line will cause the 
QOUT (Pin 14) to be latched at a logic 0. 

19 RST RESET A logic O on this line will cause the QOUT (Pin 14) 
signal to be set at a logic 1. 

20 Vee Vee + 5V power supp!tinput. 

OPERATION 

Prior to shifting data through the device, the internal logic ENDET to a logic 0. 
must be initialized. While the ENDET (Pin 9) line is at a logic When an AM is detected, DCLK will begin to toggle. Data 
O, shifting of data will be inhibited and AMDET, AMDET, present on the DOUT line may then be clocked into an 
DCLK, and DATA OUT will remain inactive. external serial/parallel converter. DCLK will remain inactive 
When ENDET is ~ogic 1, shifting is enabled. NRZ data 
is entered on the DIN line (Pin 2) and shifted on the high
to-low transition of RCLK (Pin 1). NRZ clocks are entered 
on the CLK IN line, and shifted on the high-to-low transition 
of RCLK (Pin 3). The DOUT line (Pin 5) is tied to the last 
stage of the Internal Data Shift register and will reflect infor
mation clocked into the DIN line delayed by 8 bits. 
While each bit is being shifted, a 16 bit comparator is con
tinuously checking the parallel contents of the shift regis
ters for the DATA = A1 16 CLK = OA16 pattern. When this 
pattern is detected, AMDET will be set to a logic O and 
AMDET will be set to a logic 1. AMDET and AMDET will 
remain latched until the device is re-initialized by forcing 

when ENDET is held at a logic 0. 

An uncommitted edge-triggered flip/flop has been provided 
to facilitate the detection of high-frequency by the data sep
arator, but may be used for any purpose. The low-to-high 
transition of CP (Pin 18) will set the QOUT (Pin 14) to a logic 
O. QOUT may be reset back to a logic 1 by a low level on 
the RST line (Pin 19). 

TEST1 and TEST2 are output lines. TEST1 is an active low 
pulse when an A 116 is detected, and TEST2 is an active low 
pulse when a OA16 is detected. These signals are used for 
test points and therefore should be left open by the user if 
not required. 
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MAXIMUM GUARANTEED RATINGS* 

*Stresses above those listed may cause permanent damage to the device. This is a stress rat' 
device at these or at any other condition above those indicated in the operational sections of ". 

DC ELECTRICAL CHARACTERISTICS: TA = 0°C to 50°C; Vee = +5V ::+:: 10%, Vss = OV 

SYMBOL PARAMETER MIN TYP1 MAX 

V,L Input Low Voltage -0.2 0.7 
V,H Input High Voltage 2.4 
Vol Output Low Voltage 0.4 
VoH Output High Voltage 2.4 
Vee Supply Voltage 4.5 5.0 5.5 
Ice Supply Current 100 

AC ELECTRICAL CHARACTERISTICS: TA = 0°C to 50°C; Vee = + 5V ::+:: 10%, Vss = OV 

SYMBOL PARAMETER 

tRC RCLK Frequency 
tsT Data Setup time 
tHT Data Hold time 
too DOUT to DCLK DELAY 
tRO 1 RCLK to i DCLK 
tRA 1 RCLK to i AMDET 
tRM 1 RCLK to 1 AMDET 
tRO 1 RCLK to DOUT 
tEA 1 ENDET to 1 AMDET 
tRQ 1 RST to i QOUT 
tRW Pulse width of RST 
tcw CP Pulse width 
lea i CPto 1 QOUT 

ENDET 

RCLK 

DIN 

tsT _.I '- I !Hr 

0 Lr-L_J 0 

RCLK 

MIN 

40 
10 

50 
90 

TYP1 MAX 
5.25 

'1 
I 

I 

110 
120 
115 
125 
135 
130 
110 

106 

0 0 I 

UNIT 
v 
v 
v loL = 3.2 mA 
v loH = -200µA 
v 

mA All Outputs Open 

UNIT CONDITION 
MHZ 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 

I I 
"""°91 -!RO 

I I 
I 

CLKIN 
LJl__J __ __,_,_ __ _ 

TEST1 
(AIDET) 

TEST2 
(OADET) 

AMDET 
I 

AMDET 

I IRA I :-:r 
I 1 start of At 

DOUT 
1Ro __. :-

I 

DCLK 
loo--: ;--
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,~ 

I 

HOC 1100-04 
PRELIMINARY 

Hard Disk CRC Checker/Generator 

FEATURES PIN CONFIGURATION 

D Single + 5 Volt Power Supply 
D Generates/Checks CRC 
D Latched Error Outputs 
D CCITT-16 CRC 
D Automatic Preset 
D 20 Pin DIP 
D n-Channel COPLAMOS®Silicon Gate Technology 

GENERAL DESCRIPTION 

DIN 1 

DOCK 2 

SHFCLK 3 

NC 4 

NC 5 

CWE 6 

DOCE 7 

CRCIZ 8 

NC 9 

V55 10 

19 NC 

18 NC 

17 NC 

16 CRCOK 

15 TIMCLK 

14 WCLK 

13 CRCOK 

12 SKPCLK 

11 DOUT 

The HOC 1100-04 CRC Checker/Generator generates a stream. In addition to the transmitted CRC output, compli
Cyclic Redundancy Checkword from a serial data stream, mentary latched "CRCOK" outputs are provided to indicate 
and checks for the proper CRC in a received serial data CRC errors in the check mode. 

CRCIZ---..... 

t--+------- SKPCLK 

s ------t D POLYNOMIAL GEN 
X's + x12 + xs + 1 

SHFCLK ---+----t C ...._ ________________ ___ 

DOGE -----i 
DOCK ----fl 

WCLK -·---
-;- 16 

1------------------+------..... +-- CWE 

.,.._ _____ __. CRCOK 

~--- CRCOK 

-----.... •- TIMCLK 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NUMBER SYMBOL NAME 

1 DIN DATA INPUT 

2 DOCK DATAORCRC 
WORD CLOCK 

3 SHFCLK SHIFT CLOCK 

4,5 N.C. NO CONNECTION 
6 CWE CHECK WORD 

ENABLE 

7 DOGE DATAORCRC 
ENABLE 

8 CRCIZ CYCLIC 
REDUNDANCY 
CHECK INITIALIZE 

9 N.C. NO CONNECTION 
10 Vss GROUND 
11 DOUT DATA OUTPUT 

12 SKPCLK SKIP CLOCK 

13 CRCOK CYCLIC 
REDUNDANCY 
CHECK OKAY 

14 WCLK WRITE CLOCK 

15 TIMCLK TIMING CLOCK 
16 CRCOK CYCLIC 

REDUNDANCY 
CHECK OKAY 

17-19 N.C. NO CONNECTION 
20 Vee Vee 

OPERATION 
Prior to shifting data thru the device (either in the read or 
write modes) the CRC generator/checker is initialized by 
strobing the CRCIZ (pin 8) low. This forces the SKPCLK (pin 
filline to the high state. The first low going transition on 
DIN (pin 1), namely the most significant bit of an address 
mark, resets the SKPCLK line. The HOC 110-04 has now 
been properly initialized and is ready to generate/check the 
CRC bytes. The CRCOK and CRCOK lines should be set 
to their inactive states. 
In the write mode, initially the DOCE (pin 7) is held high and 
a pseudo DOCK is produced by supplying a string of zeros 
before the address mark. This ensures the proper state of 
the internal D flip flip to gate input data to the output line 
DOUT (pin 11). As shown in the block diagram the CWE 

FUNCTION 
Active low serial input data stream is used to generate/ 
check the 2 byte CRC word. 
After a byte of data has been transferred, in, this input 
signal is used to latch the state of DOGE in an internal 
D flop with a high to low transition. 
The falling edge shifts data bits into the CRC 
generator/checker. It also transfers the CRC check 
word to DOUT in the write mode (DOGE = LOW). The 
rising edge also activates the CRCOK lines in the read 
mode when no error is found. 

This active low output indicates that the CRC 
checkword is being output on the DOUT line. When 
CWE is high, data is being output on DOUT. 
Initially, this input line is held high to direct input data 
(pin 1) to the output data (pin 11). After the next to the 
last BYTE is transmitted but before the last BYTE 
occurs DOGE must be low to direct the 2 CRC check 
bytes to DOUT (pin 11 ). 

DOGE must be maintained low for a minimum of 2 byte 
times. DOGE is used only in the write mode. 
When this line is at a logic 0, the SKPCLK output line is 
held high and the CRC generator is held preset to hex 
"FFFF' 
NO CONNECTION 
GROUND. 
In the write mode, this line outputs the unmodified data 
stream along with the 2 byte CRC word appended to 
the end of the stream. 
The first high-to-low transition on DIN (pin 1) resets 
SKPCLK low and enables the CRC to either generate 
or check the CRC word. 
In the read mode, after the 2 byte CRC word is entered 
on DIN and no error has been detected, this line is set 
high to indicate no errors have occurred. This line will 
then remain high as long as DIN is maintained high. 
This input clock is divided by 16 to produce TIMCLK 
(pin 15) and has no effect on the rest of the internal 
circuitry. 
See above. 
Complementary output version of CRCOK (pin 13). 

+ 5V power supply input. 

(pin 6) will be set high. Sometime between the next to the 
last and the last DOCK that indicates the end of the data 
stream, DOGE (pin?) is lowered to ensure the smooth tran
sition of the 2 byte CRC checkword to the output line DOUT 
(pin 11). 

DOGE must be maintained low for a minimum of 2 byte 
times. After the CRC word is generated, DO UT will produce 
a string of zeros (i.e., held high). This portion of the circuitry 
is dormant in the read mode. 

After proper initialization, input data is entered on DIN (pin 
1) along with the 2 byte CRC word for the read mode of 
operation. At the end of the data stream, if no errors were 
detected the CRCOK (pin 13) is set high. Accordingly the 
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complementary output (pin 16) is set low. These output set to determine a further course of action as desired by 
states will be maintained as long as DIN is held high and the user. 
CRCIZ (pin 8) is not strobed. If the CRCOK lines do not 
become active, an error has been detected and a re-try WCLK is divided by 16 to produce TIMCLK which may be 
is in order. If successive re-tries fail, an error flag may be used as a buffered step clock for SA 1000 compatible drives. 

MAXIMUM GUARANTEED RATINGS* 

-
SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITION 

VIL Input Low Voltage -0.2 0.8 v 
VrH Input High Voltage 2.4 v 
Vol Output Low Voltage 0.4 v IOL = 3.2 mA 
VoH Output High Voltage 2.4 v loH =-200µA 
Vee Supply Voltage 4.5 5.0 5.5 v 
Ice Supply Current 100 mA All Outputs Open 

AC ELECTRICAL CHARACTERISTICS: TA= 0°C to 50°C; Vee= +5V ± 10%, Vss = OV 

SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITION 
tWT T WCLK to l TIMCLK 95 nsec 
twR T WCLK to TTIMCLK 85 nsec 
tzs l CRCIZ to T SKPCLK 120 nsec 
tzK CRCIZ pulse width 90 nsec 
tss D.PCE set up time w.r.t. 20 nsec 

lDOCK 
tBH DOCE hold time w.r.t. 40 nsec 

lDOCK 
too DIN to DOUT delay 105 nsec CWEsethigh 

SYMBOL PARAMETER MIN TVP1 MAX UNIT CONDITION 
toK lDIN to l SKPCLK 120 nsec 
tow DIN P.W. to reset SKPCLK 50 nsec 
trc l DOCK to l CWE 120 nsec 
tsc l DOCK to T CWE 120 nsec 
tsc SHFCLK frequency 5.25 MHZ 
tsR T SHFCLK to T CRCOK 85 nsec 
tsc T SHFCLK to l CRCOK 90 nsec 
trN l DOCK to l DIN 90 nsec 

Notes: 1. TypicalvaluesareforTA = 25°CandVcc = +5.0V 

Initialize 
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DOCE 

CRCOK 

CRCOK 

too-: '
'I 

-' :...- t1N 

0J ~ n = last data byte 

i------ tsH-----.;1-tss-: 1 

------4----------------ti __. :___ 
Remains low for 2 byte times 

write mode 

tsA_ • ..._ 

:r-·-------

Write Mode 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given .. The 
information has been carefully checked and 1s believed to be entirely reliable. However, no responsib1l1ty 1s 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rig his of SMC or others. SMC reserves the rig ht to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1 

t 
HOC 1100-05 

PRELIMINARY 

Hard Disk Parallel to Serial Converter 

FEATURES 

D Single + 5 Volt Power Supply 
D Double Buffered 
D Byte Strobe Outputs 
D 5 Mbit Data Rate 
D Parallel In/Serial Out 
0 20 Pin DIP 
D n-Channel COP LAMOS® Silicon Gate Technology 

GENERAL DESCRIPTION 

PIN CONFIGURATION 

DO 1 20 Vee 

01 2 19 EN 

02 3 18 NC 

03 4 17 TEST 

04 5 16 BOONE 

05 6 15 DOUT 

06 7 14 SHFCLK 

07 8 13 LD 

SHFCLK 9 12 WCLK 

Vss 10 11 DCLK 

The HOC 1100-05 converts bytes of parallel data to a serial have been shifted out and that the 8 bit latch is ready to be 
data stream for writing to disk memories or other serial reloaded. The double buffering of the data permits another 
devices. Parallel data is entered via the D0-07 lines. A syn- byte to be loaded while the previous byte is in the process 
chronous byte counter is used to signify that 8 bits of data of being shifted. 

8 8 
00-07 0 Q 8BIT D Q OOUT 

LATCH 
8 BIT SHIFT DCLK c 

REG 

WCLK c 
SHFCLK 

+5V +5V SHFCLK 

0 0 
R 

BYTE -
C COUNTER 0 c Q BOONE 

TEST LO EN 

LD 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NUMBER SYMBOL NAME 
1-8 D0-07 DATA 0-DATA 7 

9 SHFCLK SHIFT CLOCK 

10 Vss GROUND 

11 DCLK DATA CLOCK 

12 WCLK WRITE CLOCK 

13 LO LOAD 

14 SHFCLK SHIFT CLOCK 

15 DOUT DATA OUT 

16 BOONE BYTE DONE 

17 TEST TEST INPUT 

18 NC No Connection 

19 EN ENABLE 

20 Vee Vee 

OPERATION 
Prior to loading the HOC 1100-05, it is recommended that 
OOH (or FF) be loaded into the input buffers to ensure that 
DOUT is at a fixed level. EN (pin 19) is set to a logic 0 to 
enable the device outputs. 

Data is entered on the D0-07 input lines and is strobed into 
the data latches on the rising edge of DCLK (pin 11 ). DCLK 
also resets SCONE (pin 16). The first BOONE that comes 
up simply means that the HOC 1100-05 is ready to accept 
another byte of data and that the previous byte entered is 
in the process of being shifted out. If the BOONE is serviced 
prior to every 8th WRITE CLOCK pulse the output data will 
represent a contiguous block of the bytes entered. Due to 
the asynchronous nature of the HOC 1100-05, the input data 
will be available in serial form at the output anywhere from 
8 to 16 write clock cycles later. 
Data is shifted out on the high-to-low transition of the WCLK 
(pin 12). The low-to-high transition of WCLK increments a 
byte counter which in turn sets the BOONE signal high after 
8 bits of data have been shifted out. The low-to-high tran-

FUNCTION 
8 bit parallel data inputs (bit 7 = MSB). 

Inverted copy of WCLK (pin 12) which is active when 
ENABLE (pin 19) is at a logic 0. 

GROUND. 

Active low input signal resets the BOONE (pin 16) 
latch. The low-to-high (trailing edge) clocks the input 
data into the internal 8 bit latch. 

The high-to-low (!) edge of this clock signal is used to 
shift the data out serially. The low-to-high (j) edge is 
used to update the internal byte counter (modulo 8). 

This active low signal indicates that the- Byte Counter is 
being preset to 1. Normally left open by the user. 

Delayed copy of WCLK (pin 12) which is active when 
EN (pin 19) is at a logic 0. 

Serial data output enabled by EN (pin 19). 

This output signal is forced to a logic 1 whenever 8 bits 
of data have been shifted out. BOONE remains in this 
state unless reset by the loading of another byte of 
data. 

This pin must be left open by the user. 

NO CONNECTION 

This active low signal enables DOUT, SHFCLK, 
SHFCLK, and BOONE outputs. When high, these 
output signals are in a high impedance state. 

+ 5 power supply input. 

sition of BOONE also causes the loading of the data buffer 
into the shift register. Tha data buffer is now ready to be 
reloaded with the next byte. 

The loading of the next byte automatically clears the BOONE 
signal. The entire process as outlined above is repeated. 
BOONE always needs to be serviced within 8 WCLK cycles 
unless the next byte to be transmitted is the same as the 
previous byte. 

Four signals, BOONE, DOUT, SHFCLK, and SHFCLK, can 
be placed in a high imi:iedance state of setting EN (pin 19) 
to a logic 1. Likewise, EN must be at a logic O in order for 
these signals to drive any external device. 

The TEST pin is internally OR'd with the counter output to 
produce the LO (pin 13) signal. This is used to inhibit the bit 
counter by external means for test purposes. It is recom
mended that TEST be left open by the user. An internal 
pullup register is tied to this pin to satisfy the appropriate 
logic level required for proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................................................. 0°C to + 50°C 
Storage Temperature Range ................................................................................ - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................................... + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground....................................... . .................... + 7.0V 
Negative Voltage on any 1/0 Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . /:)6 ................ - 0.2V 

·s1:'::~ ~~;:·,~::~ ·li;t~~ ~~; ~;~;~ -~~;~~~~~; ~~~~~~ ;~ ;~~ -~~;~~: ;~;~ ;; ~-;;,~;; ;~;;: _ '~~(/lt.f; ... ~;;~~~t~~: 
device at these or at any other condition above those indicated in the operational sections of this s..,~ %rne,;~!florl;" i/tl·r.A /I 

'rnits<;. 'na1 s 41'11 l... 
~SIJb'PecifiCa· #'°1 

DC ELECTRICAL CHARACTERISTICS: TA = 0°C to 50°C; Vee = + 5V :±: 10%, V55 = OV ¥ec1 toc~rr. 
ng,, 

SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITh.1 .. 

VIL Input Low Voltage -0.2 0.8 v 
VOH Input High Voltage 2.4 v 
VOL Output Low Voltage 0.4 v loL = 3.2 mA 
VoH Output High Voltage 2.4 v IOH =-200µ.A 
Vee Supply Voltage 4.5 5.0 5.5 v 
Ice Supply Current 100 mA All Outputs Open 

AC ELECTRICAL CHARACTERISTICS: TA = 0°C to 50°C; Vee = + 5V :±: 10%, Vss = OV 

SYMBOL PARAMETER MIN TYP1 MAX UNIT CONDITION 

twc WCLK frequency 5.25 MHZ 
tow DCLK pulse width 50 nsec 
tos Data set-up w.r.t. i DCLK 30 nsec 
tOH Data hold time w.r.t. i DCLK 30 nsec 
toe 1 DCLK to 1 BOONE 130 nsec EN= 0 
too 1 WCLK to DOUT 130 nsec EN= 0 
tSH 1 WCLK to 1 SHFCLK 75 nsec EN= 0 
tHS 1 WCLK to i SHFCLK 70 nsec EN= 0 
twe i WCLK to iBDONE 75 180 nsec 
tES 1 EN to BOONE, DOUT 25 nsec 

SHFCLK ACTIVE 
tcL i WCLKto 1 LD 50 nsec 

NOTES: 1. Typical Values are for TA = 25°C and Vee = + 5.0V 

07-DO 

BONE 

LD 

EN 

DOUT 

I I 
-: 1-twc 

4 t s I s 

I I 

----------tlJ~,,._ __ ,_ow __ ....._...._ ____________ _,lJr----'---------i.--------------.~ 

tos __;:... ... J....!.0H : 

1s1Byte 2nd8y1e 

I I tos--i r c=J 'i 

I 
,__ __________ ....... _, -.: r: ____ ,w_s ______ ..._ 

-· ____ ....._ ______ .:___, -------
I' 
'I lcL__,~ I I 

IES ---; ,.-. LJ 
-t 

: I 
I 

,. 
1 I 

INVALID DATA 

I 
I :-too -I I 
I I 
I I 

_. _!sH -:~s 
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STANDARD MICROSYSTEMS 

CORPORATION '·!·~1~·t~·%Eli~;iio ".iau~i~~·?i1oi~2~i7'.~·~~: 
Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,~ 

I 
LJl@l,NMtfifMi I 

HDC7261D 
PRELIMINARY 

Hard Disk Controller 

FEATURES 
D Flexible interface to various types of Hard Disk Drives 
D Programmable Track Format 
D Controls up to 8 Drives 
D Parallel Seek Operation Capability 
D Multi-sector and Multi-track Transfer Capability 
D Data Scan and Data Verify Capability 
D High Level Commands, Including: 

READ DATA SEEK (Normal or Buffered) 
READ ID RECALIBRATE (Normal or Buffered) 
WRITE DATA READ DIAGNOSTIC (SMD Only) 
WRITE ID SPECIFY 
SCAN DATA SENSE INTERRUPT STATUS 
VERIFY DATA SENSE DRIVE STATUS 
VERIFY ID DETECT ERROR 
CHECK 

0 NRZ, FM, or MFM Data Format 
D Maximum Data Transfer Rate: 12MHz 
D Error Detection and Correction Capability 
D Simple 1/0 Structure: Compatible with Most 

Microprocessors 
D All Inputs and Outputs except Clock Pins are TTL-

Compatible (Clock Pins Require Pull-up) 
D Single + 5V Power Supply 
D 40-Pin Dual-in-line Package 
D COPLAMOS® n-Channel Silicon Gate Technology 

PIN CONFIGURATION 

SYNC 40 Vee (RGATE) 

RWDATA 39 BT1 (WGATE) 

RWCLK 3 38 BTO 

RESET 4 37 CLK 

INT 36 INDEX 
DREQ 35 SGT (PCL) 

TC 7 34 ui;nG (PCE) 

cs 8 33 SSTG (DSD) 

RD 9 

D 
32 BDIR (SKC) 

WR 10 31 TG3 (TRKO) 

AO 11 30 TG2 (READY) 

DO 12 29 TG1 (WFLT) 

D1 13 28 BT2 (DSO) 

D2 14 27 BT3 (DS1) 
D3 15 26 BT4 (HSO) 
D4 16 25 BT5 (HS1) 
D5 17 24 BT6 (HS2) 
D6 18 23 BT? (RWC) 
D7 19 22 BT8 (STEP) 

GND 20 21 BT9 (DIR) 

PACKAGE: 40-pin D.l.P. 

Note: Signals shown in parentheses are used when the HDC7261 
is in the floppy- like mode. 

GENERAL DESCRIPTION 

The HDC7261 Hard Disk Controller is an intelligent micro
processor peripheral designed to control a number of dif
ferent types of disk drives. It is capable of supporting either 
hard-sector or soft-sector disks and provides all control sig
nals that interface the controller with either SMD disk inter
faces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the OMA controller, the micropro
cessor needs only to load a few command bytes into the 
HDC7261 and all the data transfers associated with read, 
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write, or format operations are done by the HDC7261 and 
the OMA controller. Extensive error reporting, verify com
mands, ECC, and CRC data error checking assure reliable 
controller operation. The HDC7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data during 
OMA read/write operations. 
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STANDARD MICROSYSTEMS 
CORPORATION1miiiiiiiiii 

f 

HDC9224 
PRELIMINARY 

Universal Disk Controller 

FEATURES 
Programmable Disk Drive Interface and Formats 
D Seagate (ST506) or user definable Hard Disk Formats 
D IBM Compatible Single or Double Density Floppy Disk 

Formats 
D Controls 8", 5.25", and 3.5" drives 
D Controls tape drives for tape backup of disks 
D Full CRC generation and checking 
D Internal or External Error detection 
D Programmable user-transparent Error correction 
D Programmable automatic retry option 
D Programmable internal write precompensation logic 
D Read/Write commands with automatic seek 
D Multiple sector read/write transfers 
D Sector interleave capability 
D Internal address mark generation and detection 
D Programmable track step rates 
D Supports both buffered and unbuffered seeks 
D Polling command allows overlapping seeks 
D Powerful, high level command set 
D Controls up to 4 drives with 
D up to 16 heads per drive 
D up to 2048 cylinders per drive 
D up to 256 sectors per track 

Flexible System Interface 
D Built-in OMA controller capable of addressing up to 

16 MBytes 
D Supports either private or virtual buffer memory 

addressing schemes 
D User readable Interrupt, Chip Status, and Drive Status 

registers 

PIN CONFIGURATION 

Vee 40 RDATA 
INT 2 39 EARLY 

RCLK 3 38 LATE 
CID 4 37 WDATA 
ACK s 36 CLK 

DS 6 3S so 
R/W 7 34 STB 
ABO 8 33 DMACLK 
AB1 9 32 S1 
AB2 10 31 RST 
AB3 11 30 DIP 
AB4- 12 29 ECCTM 
ABS 13 28 OMAR 
AB6 14 27 WGATE 
AB? 1S 26 RDGATE 
cs 16 2S DB? 

DBO 17 24 DB6 
DB1 18 23 DBS 
DB2 19 22 Vss 
DB3 20 21 DB4 

PACKAGE: 40 Pin DIP 

D Programmable Interrupt Mask 
D TTL compatible 
D Standard 40 pin DIP package 
D.Single + 5 volt supply 

GENERAL DESCRIPTION 
The HOC 9224 Universal Disk Controller (UDC) is a 40 

pin, n-channel MOS/LSI device capable of interfacing up 
to 4 Winchester-type hard disks and/or industry $tandard 
floppy disks to a processor. The chip is programmable to 
support both the Seagate (ST506) and user defined hard 
disk formats, as well as IBM compatible a", 5.25" and 3.5" 
single and double density formats. 

viding up to 24 bit addresses over an 8 bit data bus. This 
enables the HOC 9224 to address up to 16 megabytes of 
memory, and allows the hardware designer tremendous 
flexibility in system design. 

Several techniques of error detection and correction are 
implemented on the HOC 9224. One user selected method 
allows the chip to detect and transparently correct a read 

A powerful and sophisticated command set reduces the error in the data-stream, without external logic. Another 
software overhead required to implement a combined hard technique allows the designer complete control over the 
disk/floppy disk controller. These commands include: ECC algorithm, by using external logic or system software 

Drive Select Seek to cylinder and read ID to detect and correct the error. As a further aid in error han-
Step out 1 cylinder Step in 1 cylinder dling, the HOC 9224 allows the user to specify the number 
Restore Drive Read Logical Sectors of read retries to be attempted before an error is reported 
Read Physical Sectors Read E',.ntire Track to the host processor by the HOC 9224. 
Write Logical Sectors Write Physical Sectors The HOC 9224 features a versatile track format com-
Chip Reset Deselect Drive 
Poll Drives for Ready Set Register Pointer mand which allows formatting with interleaved sectors. The 

chip needs only 3 or 4 bytes of external memory space per 
Tape Back-up Format current track sector (depending on format selected). This feature allows 
The HOC 9224 can use both private memory or shared the designer to optimize sector interleaving for optimum 

memory buffers with the chip's internal OMA controller pro- throughput. 
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l!XCLK 

087-0 

AB7-0 

PINNO. NAME 

1 Power 

22· Ground 

16 Chip Select 

17,18 DataBus7-0 
19,20 
21,23 
24,25 

8-15 Aux Bus 7-0 

4 Command/Data 

7 Read/Wrrte 

MICRO 
CONTROL 

ROM 

FORMAT 
DATA ROM 

WGATE 
RGATE 

t-------------~ STB 

ECC/CRC REG 

S0 
S1 

RDATA 
RCLK 

WRITE ENCODER 
AND 

PRECOMP LOGIC 

) 

WDATA 

EARLY 

LATE 

BLOCK DIAGRAM OF DATA PATH IN HOC 9224 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL DESCRIPTION 

Vee + 5 volt power supply pin 

Yss System ground 

cs This signal (when active) selects the HDC 9224 for communications with the host 
processor. This signal is normally derived by decoding the high order address bits. 
It is active low. 

DB7-0 All system processor reads and writes, (including status reads, initialization, disk 
parameters, and commands) are 8 bit transfers which utilize these lines. 

When the UDC is accessing memory, data is input or output on these lines. 
Data on these lines is valid only when DAiA siROBE (CIB) is active low. 

AB7-0 These 8 pins are used to output drive control signals and OMA Address 
information. 

Additionally, these pins are used to input drive status information. 

CID During processor to UDC communications, this input is used to indicate whether a 
command or data transfer will follow. 
If this pin is low, data may be written to, or read from, the internal data registers. 
If this pin is high, the processor may write commands or read command results 
from the UDC. 

R/W When the processor is communicating to the UDC, a high on this input line indi-
cates a (processor) request for a UDC read operation, and a low indicates a (pro-
cessor) request for a write operation. 

R/W CID Operation 

0 0 Write to register file 
0 1 Write to command reg. 
1 0 Read from register file 
1 1 Read Interrupt Status Register 

During UDC initiated operations, this pin becomes an output, and is used to indi-
cate a read operation (logic 1) or write operation (logic O) to external memories. 
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PINNO. NAME SYMBOL DESCRIPTION 

6 Data Strobe ITS This active low pin functions as both-an input and output. When the processor is 
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi-
cates that the data on 087-0 is valid, and the data is latched into the appropriate 
UDC register on the rising edge. 
When the wocessor is reading from the UDC, the trailing edge of an active (low) 
signal app ied to this pin is used to clock out the desired UD register on to 087-0. 
During UDC initiated OMA operations, the UDC drives this pin low to either read or 
write data from memory. On OMA read cycles, data is clocked in on the trailing 
edge. On OMA write operations, the data on 087-0 is valid anytime this pin is 
active (low). 
When this pin is high (logic 1 ), 087-0 return to a high impedance state. 

2 Interrupt INT This active high output is used by the UDC whenever it wants to interrug the pro-
cessor. The interrupt pin is reset to its inactive (low) state when the UD interrupt 
status register is read. 

30 OMA In Progress DIP This active high output becomes active whenever the UDC is actually performing a 
OMA operation. 

28 OMA Request OMAR This active high output becomes active whenever the UDC requires the system 
bus to perform a memory cycle, and ACK is inactive. During hard disk operations, 
it remains active until the sector transfer is complete. 
During floppy disk operations, it is active for 1 byte transfer time. 
The UDC shows that is has released the system bus by resetting this signal to its 
inactive (low) state. 

5 Acknowledge ACK This active high signal from the processor tells the UDC that the processor has 
released the system bus and the UDC may access system memory. 

37 Write Data WDATA This pin is used to output serial data from.the UDC to the drive, in either FM or 
MFM format. In both cases, data is output with the most significant bit first. 

38 Late LATE This output (when active high) indicates that the current flux transition appearing 
on WDATA is to be written late. 

39 Early EARLY This output (when active high) indi~tes that the current flux transition appearing 
on WDATA is to be written early. 

27 Write Gate WGATE This output (when active high) indicates the drive should allow a write operation. 

ROAT A 40 Read Data This input pin contains the serial bit stream read from the drive, in either FM or 
MFM format. Media flux reversals are indicated by a negative transition. I 

3 Read Clock RCLK This input is generated by the external data separator. Its frequency should self-
adjust to the variations in bit width in the data stream from the drive. This clock 
supplies a window to indicate half-bit-cell boundaries. 

26 Read Gate RDGATE This output pin is used to enable the external data separator, compensate for write 
to read recovery time of the drive, and filter out the write splice in gaps 2 and 3. 
The timing of this signal is dependent upon the type of drive (hard or floppy) being 
used. 
RDGATE is inactive at all times except when the UDC is actually performing a read 
operation or an internal ECC operation. 

29 ECCTime ECCTM When the UDC is used in external ECC mode, this·output pin becomes active 
(low) during the time the UDC is reading the ECC bytes from memory or external 
ECC chip, when executing a WRITE command. 
It is also active during internal ECC correction o)erations, and for either one 
(write) or two (read) byte times attar DIP (pin 30 becomes inactive following a sec-
tor transfer. This shows the system processor when it should service the UDC 
buffer. 

32,35 Select 1,0 S1,SO These active hi~h outputs are used by external lo%c to select either the source or 
destination for ata transfers occuring via AB7-0. he following table defines the 
~ific transfer being called for by the UDC. (Note that S1-0 are valid only when 
STB is active low.) 

STB S1 so AB7-0 Activity 
1 x x S1 ,SO Invalid 
0 0 0 UDC inputs Drive Status Signals 
0 0 1 UDC outputs OMA address bytes 
0 1 0 UDC outputs OUTPUT 1 signals 
0 1 1 UDC outputs OUTPUT 2 signals 
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PINNO. NAME SYMBOL DESCRIPTION 
-- -

34 Strobe STB This active low output indicates when the host processor should read or write to 
AB7-0, as indicated by S1-0. 
When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 
When AB7-0 are used as inputs to the UDC, data is clocked in on the rising edge 
of this signal. 

36 DEVICE CLOCK CLK This input is the double frequency clock used by the UDC for all internal timing 
operations. 
Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (115 ns period). 
5.25" hard disks (with a nominal bit time of 200 ns) require a 1 O MHz input (100 ns 
period). 
Eight inch, 5.25" and 3.5" floppy drives all require a 10 MHz clock, which is inter-
nally prescaled by the UDC to the correct frequency, as determined from the Drive 
Select command and MODE register. 
This input requires an external pull-up resistor, as it is not TTL-level compatible. 
See figure 2. 

-- --
31 Reset RST This active low input will force the UDC into the following known state: 

INT-Inactive low 
WDATA-lnactive low 
ECCTM-lnactive high 
OMAR-Inactive low 
EARLY-Inactive low 
CID-Input 
AB7-0-lnput 
LATE-Inactive low 
R/W-lnput 
DB7-0-lnput 
WGATE-lnactive low 
DIP-Inactive low 
RDGATE-lnactive low 
D"S"-lnput 

An active low on this pin has the same effect as a RESET Command. 

33 OMA Clock DMACLK All UDC OMA operations will be synchronized to this clock input. Three DMACLK 
periods are required for each OMA byte transfer. 

OVERVIEW OF UDC REGISTERS 
The HOC 9224 has three types of internal, processor 

addressable registers; Read/Write, Read Only, and Write 
Only. These registers are addressed by an internal register 
pointer that is set by the SET REGISTER POINTER 
command. 

Three internal registers (OUTPUT 1, OUTPUT 2, and 
INPUT DRIVE STATUS) which are not directly address
able by the processor are accessed by the UDC. The infor
mation contained in these registers is used in disk interfac
ing and is input or output on UDC Pins AB7-0. The following 
table describes these registers and the signals they output 
or input on AB?-0. 

All register data is passed to and from the UDC via the 
data bus (087-0). 

The internal register pointer is automatically incre
mented with each register access until it points to the DATA 
Register. This insures that all subsequent register accesses 
will address the DATA register. 

PROCESSOR ACESSIBLE REGISTERS 

REGISTER ADDR WRITE READ 

0 DMA7-0 DMA7-0 
1 DMA15-8 DMA15-8 
2 DMA23-16 DMA23-16 
3 Desired Sector Desired Sector 
4 Desired Head Current Head 
5 Desired Cylinder Current Cylinder 
6 Sector Count Temporary Storage 
7 Retry Count Temporary Storage 
8 Mode Chip Status 
9 Interrupt/Command Drive Status 

Terminator 
A Data/Delay Data 

COMMAND Current Command Interrupt Status 
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UDC ADDRESSABLE REGISTERS 

DRIVE STATUS REGISTER (input) Select Pins S1 = 0, SO= 0 
AB7-ECC Error AB6-lndex Pulse 
AB5-Seek Complete AB4-Track 00 
AB3-User Defined AB2-Write Protect 
AB1-Drive Ready ABO-Write Fault 

OUTPUT 1 (Output) 
AB7-Drive Select 3 
AB5-Drive Select 1 
AB3-Programmable 
Outputs (see text) 
AB1-Programmable 
Outputs 

OUTPUT 2 (Output) 
AB7-Drive Select 3 
AB5-Step Direction 
AB3-Desired Head (Bit 3) 
AB1-Desired Head (Bit 1) 

Select Pins S1 = 1, SO= 0 
AB6-Drive Select 2 
AB4-Drive Select 0 
AB2-Programmable Outputs 
ABO-Programmable Outputs 

Select Pins S1 = 1, SO= 1 
AB6-Reduce Write Current 
AB4-Step Pulse 
AB2-Desired Head (Bit 2) 
ABO-Desired Head (Bit 0) 



Additionally, several registers (DMA7-0, DMA15-8, DMA23-16, DESIRED SECTOR, DESIRED CYLINDER, SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command. 

DESCRIPTION OF UDC REGISTERS 

OMA 7-0 (R/W Register; Address O) 
This 8-bit read/write register is loaded with the low order 

byte (MSB in bit 7) of the OMA buffer memory starting 
address. 

OMA 15-18 (R/W Register; Address 1) 
This 8-bit read/write register is loaded with the middle 

order byte (MSB in bit 7) of the OMA buffer memory starting 
address. 

OMA 23-16 (R/W Register; Address 2) 
This 8 bit read/write register is loaded with the high order 
byte (MSB in bit 7) of the OMA buffer memory starting 
address. 

Prior to the data transfer portion of a read or write com
mand, the UDC writes the contents of the OMA registers to 
an external counter. This transfer (from the registers to the 
external counter) is accomplished by the UDC with 3 sep
arate outputs on AB7-0, with the contents of OMA 24-16 
being transfered first. (In memory areas that require less 
than 24 bit addressing, the higher order bits are overwritten. 
The external counter must be incremented with the UDC's 
OS signal after each byte transfer. 

If, during read operations, an error is detected during the 
data transfer, a retry will occur (if so programmed), and the 
three OMA registers will re-initialize the external counter to 
the original starting address. 

During multiple sector read/write operations, the OMA 
address contained in the OMA registers will be incre
mented by the size of the sector selected at each sector 
boundary. This ensures that during read operations the 
address contained in the OMA registers always corre
sponds to the proper memory starting address of the sector 
currently being read. 

AB7-0 

HDC9224 

,__ ____ ___,,,-I> ADD 0-7 

OMA COUNTER OPERATION 

DESIRED SECTOR REGISTER (R/W Register; 
Address 3) 

This 8-bit read/write register is loaded with the starting 
sector number of a multiple sector read/write operation. 
Except for the last sector of the operation, this register is 
incremented after each sector is written or read without error. 

If the UDC terminates a command because of an error, 
this register will normally contain the bad sector number, 
and may be read by the processor. 
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DESIRED HEAD REGISTER (Write Register; 
Address 4) 

This 8-bit write only register is loaded with the 4-bit head 
number, and the upper 3 bits of the desired cylinder number. 

BIT 7 ALWAYS 0 
BITS 6-4 MSBs of the Desired Cylinder number 
BITS 3-0 Desired Head Number. 

The desired head number is output on AB3-0 during 
OUTPUT 2 times. 
DESIRED CYLINDER REGISTER (Write Register; 

Address 5) 
This 8-bit write only register is loaded with the 8 low order 

bits of the desired cylinder (MSB in Bit 7). Combined with 
the 3 high order bits loaded into the DESIRED HEAD REG
ISTER, these 11 bits form the desired cylinder number, 
which is checked by read and write operations during the 
Check ID portion of the command. 

SECTOR COUNT REGISTER (Write Register; 
Address 6) 

This 8-bit write only register is loaded with the number of 
sectors to be operated on by the read or write command. 
This allows multiple sectors on the same cylinder to be either 
written or read. 
RETRY COUNT REGISTER (Write Register; 

Address 7) 
This 8-bit write only register is loaded with the number 

of times the UDC should retry to read a data field before 
reporting an error. Additionally, this register is loaded with 
the user programmable output signals that the UDC out
puts on AB0-3 during OUTPUT times. 

The retry count is loaded (in 1 's complement format) into 
the 4 most significant bits of this register. 

The user programmable output signals are loaded into 
the 4 least significant bits of the register. 

BITS 7-4 Desired Retry Count (in 1 's complement 
format) 

BITS 3-0 User Programmable Output Signals 

MODE REGISTER (Write Register; Address 8) 
This 8-bit write only register defines the operating mode 

of the UDC as follows: 
BIT 7 (DRIVE DATA TYPE) 
This bit determines how the UDC decodes data from the 
drive. 

BIT 7 = (1 ): UDC configured for hard disk use. 
(Level transitions) 

BIT 7 = (0): UDC configured for floppy use. (Pulse 
inputs) 

BITS 6,5 (CRC/ECC Enable Code) 
These bits determine the error detection/correction code 
generated and checked by the UDC. 

DB6 

0 
0 
1 
1 

DBS CODE GENERATED/CHECKED 

0 CRC 
1 External ECC 
O Internal 32 bit ECC without correction 
1 Internal 32 bit ECC with correction 

With internal ECC selected the UDC will transfer 4 extra 
bytes during reads and writes. Normal CRC checking is still 
done on all ID fields. 
With external ECC selected the UDC will flag an ECC error 
via BIT 7 of the DRIVE STATUS REGISTER. Normal CRC 
checking is still done on all ID fields. 
If neither internal or external ECC is selected, then the UDC 
will perform CRC checks on both data and ID fields. 
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STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION (Mode Bit 4 = 0) 

DRIVE TYPE 5.25" HARD DISK 8" FLOPPY 5.25" FLOPPY 

DB2 DB1 DBO STEP RAT!; STEP RATE STEP RATE 

1 1 1 12.8 ms 128 ms 256 ms 
1 1 0 6.4 ms 64 ms 128 ms 
1 0 1 3.2 ms 32 ms 64 ms 
1 0 0 1.6 ms 16 ms 32 ms 
0 1 1 0.8 ms 8 ms 16 ms 
0 1 0 0.4 ms 4 ms 8ms 
0 0 1 0.2 ms 2 ms 4ms 
0 0 0 17.6 us* 176 us* 352 us* 
0 0 0 21.8 us** 218us ** 436 us** 

Pulse Width: 11.2 us 112 us 224 us 

*This rate applies for SEEK commands only 
**This rate applies for RESTORE commands only 

(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.) 

BiT 4 (Single or Double Density} 
This bit determines whether the UDC will perform its oper
ations in either single or double density. 

BIT 4 = (1) Single Density (FM} Format 
BIT 4=(0} Double Density (MFM} Format 

BIT 3 (ALWAYS 0) 

BITS 2, 1,0 (Step Rate Select} 
These bits are programmed to select the desired drive step 
rate. Note that all step rates are determined by the type of 
drive and density selected, and are scaled from the CLK 
input. 
The UDC can output extremely rapid step rate pulses if these 
bits are set to 000. This is useful when the UDC is control
ling drives which support buffered seeks. For other speeds, 
please refer to the table above. 

INTERRUPT/COMAND TERMINATION REGISTER 
(Write Register; Address 9) 

This 8-bit write only register allows the programmer to 
mask out a number of conditions that would cause termi
nation of a command. (Such termination occurs when the 
DONE bit in the INTERRUPT STATUS register is set.} 
One bit in this register also controls the generation of inter
rupts when either the DONE bit or the READY CHANGE 
bit in the INTERRUPT STATUS register go active. 

BIT 7 (CRC PRESET} 
Setting this bit to "1" will cause the CRC register to preset 
to 1 for CRC generation and checking. Setting this bit to 
"O" will cause the CRC register to preset to O for CRC 
generation and checking. 
ID field CRC and data field CRC or ECC are generated 
and tested from the first A 1 HEX byte in the ID field. 

BIT 6 (ALWAYS "O"} 
This bit should always be set to "O" by the user. Failure to 
do this may result in unreliable operation. 

BIT 5 (INT ON DONE} 
If this bit is set (to "1 "}, an interrupt will occur when the 
DONE bit in the INTERRUPT STATUS register is set. If 
this bit is reset (to "O"}, no interrupt will be generated for 
this condition. 

MARK bit in the CHIP STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 3 (USER DEFINED) 
If this bit is set (to "1 "}, the DONE bit in the INTERRUPT 
STATUS register will be set when the USER DEFINED 
status bit in the DRIVE STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 2 (WRITE PROTECT} 
If this bit is set to (to "1 "), the write or write format com
mand in progress will terminate and the DONE bit in the 
INTERRUPT STATUS register will be set when the WRITE 
PROTECT bit in the DRIVE STATUS register goes active. 

BIT 1 (READY CHANGE} 
If this bit is set (to "1 "}, an interrupt will occur when the 
READY CHANGE bit in the INTERRUPT STATUS register 
is set. If this bit is reset (to "O"}, no interrupt will be gen
erated for this condition. 

The user should note that as a drive is selected or dese
lected, it is possible for the ready line from the drive to 
change state, and care should be taken in the design of 
the interrupt handler. 

BIT 0 (WRITE FAULT} 
If this bit is set (to "1 "},the write or write format command 
in progress will terminate and the DONE bit in the INTER
RUPT STATUS register will be set when the WRITE FAULT 
status bit in the DRIVE STATUS register is set. The com
mand in progress will terminate when the current sector 
operation is completed. 

DATA/DELAY REGISTER (R/W Register; Address 
OAH} 

This 8-bit read /write register serves a dual purpose. 
During UDC writes, data is placed in this register for 
recording to the disk. During UDC reads, recovered data 
is fetched from this register for storage into memory. All 
transfers occur via DB7-0, under OMA control. 

Additionally, this register is loaded with the HEAD LOAD 
TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 

BIT 4 (DELETED DATA MARK} times a value predetermined by the UDC, based on the 
If this bit is set (to "1 "),the DONE bit in the INTERRUPT type of drive selected. For more information, please see 
STATUS register will be set when the DELETED DATA the Drive Select command description.} 
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COMMAND REGISTER (Write Register) 
This 8-bit write only register is used to pass commands 

to the UDC. Valid commands are given to the UDC _Qy 
setting C/D high and R/W active high, while strobing DS 
active (low). 

CURRENT HEAD REGISTER Read Register; 
Address 4) 

This 8-bit read only register is updated from the disk 
when a valid ID field sync mark is found while executing a 
read ID field command sequence. This register contains 
the actual head number, bad sector flag, and the 3 most 
significant bits of the cylinder number, as specified during 
formatting. 

BIT 7 = ( 1) Last sector read had BAD SECTOR bit set 
BIT 7 = ( O) Last sector read had BAD SECTOR bit reset. 

BITS 6-4 Three most significant bits of the current cylinder. 
(Most significant bit in Bit 6.) 

BITS 3-0 Current Head Number (MSB in bit 3). 

CURRENT CYLINDER REGISTER (Read Register; 
Address 5) 

This 8-bit read only register is updated from the disk when 
a valid ID field sync mark is found while executing a read ID 
field command sequence. This register will contain the 8 
least significant bits of the cylinder ID number, as specified 
during formatting. (The 3 most significant bits of the 11 bit 
cylinder ID number are contained as part of the CURRENT 
HEAD REGISTER.) 

INTERRUPT STATUS REGISTER (Read Register) 
This 8-bit read only register contains status information 

associated with interrupt conditions and errors that OCC!lr 
during disk cm.eration. This register is read by setting CID 
high, and R/W high. 

When the Interrupt Status register is read, the INT output 
signal from the UDC will be reset (to an inactive low level). 

BIT 7 (INTERRUPT PENDING) 
A "1" indicates that either DONE bit or READY CHANGE 
bit has gone active. The user may disable these interrupts 
by setting the appropriate bits in the INTERRUPT/COM
MAND TERMINATION, REGISTER. This bit is reset (to "O") 
by reading the Interrupt Status register. 

BIT 6 (OMA REQUEST) . 
A "1" indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "O") by the 
data transfer. 

BIT 5 (DONE) . 
A "1" indicates that the current command is completed. This 
bit is reset (to "O") when a new command is issued. 

BIT 4,3 (COMMAND TERMINATION CODE) 
(Valid only when DONE is set) 

These two bits indicate the command termination 
conditions: 

BIT4 BIT3 CONDITIONS 

0 0 Successful command termination 
0 1 Execution error in READ ID 

Sequence 
1 0 Execution error in SEEK Sequence 
1 1 Execution error in DATA field 
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More detailed command termination error information is 
obtained by reading the Chip Status register. 

BIT 2 (READY CHANGE) 
A "1" indicates that the "ready" signal from the drive has 
experienced a low-to-high or high-to-low transition. (This 
shows that the drive has either become ready or become 
not ready.) This bit is reset (to "O") by reading the Interrupt 
Status register. 

BIT 1 (OVERRUN/UNDERRUN) 
A "1" indicates that a overrun or underrun condition has 
occured during a read or write command. These conditions 
occur when the UDC does not receive an acknowledge (to 
a OMA request) by the time a byte is ready for transfer to or 
from the processor. 
This bit can only be reset (to "O") with a RESET command 
or a high on the RESET pin. 

BIT 0 (BAD SECTOR) 
A "1" indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command is issued, or a good 
sector is read. 

CHIP STATUS REGISTER (Read Register; Address 8) 
This 8-bit read only register supplies additional chip sta

tus information. The information in this register is only valid 
between the time that the DONE bit is set in the INTER
RUPT STATUS register and the time when the next com
mand is issued to the UDC. 

BIT 7 (RETRY REQUIRED) 
If a retry was attempted by the UDC during the execution of 
any read or write command, this bit is set (to "1 "}. 

BIT 6 (ECC CORRECTION ATTEMPTED) 
If the internal ECC circuitry has attempted to correct a bad 
sector, this bit is set (to "1 "). 

BIT 5 (CRC/ECC ERROR) 
If the UDC detects a CRC error or an ECC error, this bit is 
set (to "1 "}. 

BIT 4 (DELETED DATA MARK) 
If the UDC reads a deleted data mark in the ID field, this bit 
is set (to "1 "},otherwise it is reset (to "O"). 

BIT 3 (SYNC ERROR) 
If the UDC does not find a sync mark when it is attempting 
to read either an ID or data field, then this bit is set (to "1 "). 
The command being executed will terminate when this bit 
is set. 

BIT 2 (COMPARE ERROR) 
If the information contained in the DESIRED HEAD and 
DESIRED CYLINDER registers does not match that con
tained in an ID field on the disk, this bit is set (to "1 ").The 
command being executed will terminate when this bit is set. 

BIT 1,0 (PRESENT DRIVE SELECTED) 
These two binary encoded bits represent the drive currently 
selected and correspond to the Drive Select bits set in the 
Output 1 and Output 2 latches. 

BIT1 BITO DRIVE SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
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DRIVE STATUS REGISTER (Read Register; 
Address 9) 

This 8-bit read only register contains status information 
generated by the drives, external ECG Chip.(if any), and a 
user definable input to the UDC from the drive. 

To save pins on the UDC, the 8 status lines are input on 
AB?-0 and are latched in this internal register. The UDC will 
update this register whenever it is not using AB7-0 to output 
OMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured as described below, the UDC will input drive sta
tus signals and interpret them as follows. In all cases, a logic 
"1" is considered the active input. 

BIT 7 (ECG ERROR) 
This bit is set (to" 1 ")when the ECG ERROR signal is gen
erated by an external ECG chip. This signal is input to the 
UDConAB7. 

BIT 6 (INDEX) 
This bit is set (to "1 ") when the INDEX signal from the 
selected drive is active. Typically, index pulses from the 
drives are active for 10us-100us for each disk revolution. 
This signal is input to the UDC on AB6. 

BIT 5 (SEEK COMPLETE) 
This bit is set (to "1 ") when the SEEK COMPLETE signal 
from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion of a seek). 
When a drive supplies this signal, reading and writing should 
not be attempted until SEEK COMPLETE is set (to "1"). 
This signal is input on ABS. 
For floppy disk operation, where the drives normally do not 
provide this signal, a retriggerable one shot could be used 
to generate a SEEK COMPLETE signal (if desired). 

BIT 4 (TRACK 00) 
This bit is set (to "1 ")when the TRACK 00 signal from the 
selected drive is active. This indicates that the heads on the 
selected drive are positioned over track 0. This signal is input 
on AB4. 

BIT 3 (USER DEFINED) 
This bit is set (to "1 ") when the USER DEFINED signal is 
active. This signal is input on AB3. 

BIT 2 (WRITE PROTECT) 
This bit is set (to "1 ") when the WRITE PROTECT signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected drive is write protected. This 
signal is input on AB2. 

BIT 1 (READY) 
This bit is set (to "1 ") when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
drive is ready to execute commands. This signal is input on 
AB1. 

BIT 0 (WRITE FAULT) 
This bit is set (to "1 ") when the WRITE FAULT signal from 
the selected drive is active. This signal, when active, indi
cates that a condition exists at the drive that would cause 
improper writing on the disk. This signal is input to the UDC 
on ABO. 

TEMPORARY STORAGE REGISTERS 
The UDC contains two temporary storage registers, used 

by the UDC for internal operations. The host processor 
should not attempt to read or modify these registers, as 
unpredictable results may occur. 

UDC COMMAND OVERVIEW 

The HOC 9224 has 16 high-level commands that provide 
the user with a high degree of flexibility and control. All of 
the commands for the UDC can be thought of as falling into 
one of two basic groups. 
The first group handles the "housekeeping" required by the 
drives and the UDC itself. These commands are: 

RESET STEP OUT 1 CYLINDER 
STEP IN 1 CYLINDER SET REGISTER POINTER 
DRIVE SELECT RESTORE DRIVE 
DESELECT DRIVES POLL DRIVES 

The second group comprises the "READ/WRITE" func
tions required in a magnetic disk subsystem. These com
mands are: 
SEEK/READ ID TAPE BACKUP (READ/ 
FORMAT TRACK WRITE) 
READ TRACK READ SECTORS LOGICAL 
READ SECTORS PHYSICAL 
WRITE SECTORS LOGICAL 
An internal status byte, which contains the BAD SECTOR, 
DELETED DATA and OVER/UNDER RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED lines, is checked at various 
times during command execution. 
This internal status byte is examined before the execution 
of all READ/WRITE commands, and is also checked just 
prior to the completion of all commands (except for RESET,· 
where its values would be meaningless.) 
This byte is also checked by the U DC between sector oper
ations during the execution of READ LOGICAL, READ 
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL 
commands. 

The UDC makes decisions regarding command termina
tion and interrupt generation based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND TERMINATION register. (Note that "write pro
tect" and "write fault" status may cause command termi
nation only during write and format operations.) 

All commands (except RESET) terminate with the DONE 
bit in the INTERRUPT STATUS register being set. This bit 
may also be considered to be an inverted "busy" line, as 
the UDC resets it upon receipt of a valid command. 

During all READ/WRITE group commands (except FOR
MAT TRACK and BACKUP), the UDC utilizes some com
mon command execution sequences. Prior to entering each 
sequence the UDC sets the COMMAND TERMINATION 
bits (in the INTERRUPT STATUS register) to a known state. 
If a command fails to execute properly, these bits may then 
be used to determine where the command aborted. 

The sequences common to the READ/WRITE group com
mands are as follows: 

1. READ ID FIELD (Command Termination Code= 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33, 792 byte times (byte 
time = time to read one byte from the type of drive 
selected), the SYNC ERROR bit (in the CHIP STA
TUS register) is set (to "1 "), and the command is. 
terminated. 
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During this phase, the UDC will raise and drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 



SEEK/READ ID 

READ ANY ID 
FIELD FROM 

CURRENT CYLINDER 

UPDATE HDC9224 
REGISTERS 

SET DIR OUTPUT, 
OUTPUT REQUIRED 

STEP PULSES 

READ AND VERIFY 
ID FIELD FROM 

CURRENT CYLINDER 

RETURN 

SEEK/READ ID OPERATION 
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After the ID Field is found, the UDC reads it and 
updates it CURRENT HEAD and CURRENT CYL
INDER registers. This information was written to the 
disk during formatting. 
Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, the UDC sets (to "1 ")the 
CRC ERROR status bit (in the CHIP STATUS regis
ter) and terminates the command. 
If the CRC is correct; the UDC then calculates the 
direction and number of step pulses required to move 
the head from the current cylinder to the cylinder 
specified in the DESIRED HEAD REGISTER. These 
pulses, and the direction bit are output during the 
OUTPUT 2 times. 
If a command should terminate while in the sequence, 
the COMMAND TERMINATION bits will be set to 
0-1. 

2. VERIFY (Command Termination Code = 1-0) 
Afterthe UDC has read the ID Field, it attempts to ver
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an ID Field sync mark on the selected 
disk. If the UDC is unable to find an ID Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP STATUS register) is set to "1 ", and the com
mand is terminated. 
The UDC, after finding the ID Field sync mark, then 
reads the ID field and compares the information on 
the disk to the information contained in the DESIRED 
CYLINDER, DESIRED HEAD and DESIRED SEC
TOR registers. 
The UDC will hunt for sync marks and read ID fields 
until the desired sector is found. If the desired sector 
is not located within 33, 792 byte times, then the 
COMPARE ERROR bit (in the CHIP STATUS regis
ter) is set to "1 ", and the command is terminated. 
After the correct sector is found, the UDC checks the 
CRC for the sector ID Field. If this is found to be incor
rect, the UDC sets to "1" the CRC/ECC ERROR bit 
in the INTERRUPT STATUS register, and the com
mand is terminated. 
(When the UDC is executing a READ PHYSICAL or 
WRITE PHYSICAL command, ID Fields are checked 
only until the first sector to be transfered is found. No 
ID Field checking is performed on subsequent sec
tors, although CRC checking is done.) 
If a command should terminate while in this sequence, 
the COMMAND TERMINATION bits will be set to 
1-0. 

3. DATA TRANSFER (Command Termination 
Code= 1-1) 

If a READ PHYSICAL or READ LOGICAL com
mand is being executed, the U DC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
mark found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 
After a data sync mark is found, the UDC then updates 
its CURRENT HEAD and CURRENT CYLINDER 
registers from the information found on the disk and 
initiates a OMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will set to "1" the OVER/UNDERRUN status bit in the 
INTERRUPT STATUS register, and the command will 
terminate. 
Using OMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable ECC error is detected, the UDC 
will decrement the RETRY REGISTER, set the 
RETRY REQUIRED status bit (in the CHIP STATUS 
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register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count in the 
ENTRY COUNT register has expired, then the CRC/ 
ECC Error bit (in the CHIP STATUS register) is set, 
and the command terminates. 
During a multi-sector transfer, the UDC updates the 
OMA registers after all but the last sector operation, 
and the SECTOR COUNT register is decremented. If 
the SECTOR COUNT register equals 0, then the 
command is terminated. If the SECTOR COUNT reg
ister is not equal to 0, then the UDC will increment the 
DESIRED SECTOR register, re-initialize the RETRY 
COUNT register (to its original value) and return to the 
VERIFY sequence. 
If a command should terminate while in this sequence, 
the command termination bits will be set to 1-1. 

MULTIPLE SECTOR 

PERFORM DATA 
TRANSFER 

TO/FROM DISK 

UPDATE 
EXTERNAL OMA 

ADDRESS COUNTERS 

DECREMENT 
SECTOR 
COUNT 

INCREMENT 
DESIRED SECTOR 

NUMBER 

RETURN 

MULTIPLE SECTOR READ OPERATIONS 
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COMMAND DESCRIPTION 

RESET (Hex Value = 00) 
This command causes the UDC to return to a known state. 
This command allows the system software to reset the chip, 
and has the same effect as AST input becoming active. 

DESELECT DRIVE (Hex Value = 01) 
This command causes all of the drive select bits (Drive 
Select 0-3) in the OUTPUT 1 and OUTPUT 2 registers to 
become inactive. 

RESTORE DRIVE (Hex Values = 02, 03) 
This command will cause the HOC 9224 to output step 
pulses to the selected drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate the command. 
The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1 ")and the COMMAND TERMINATION CODE 
bits set to 1-0. (These bits are contained in the INTER
RUPT STATUS register.) 
This command takes two forms: 

COMMAND BYTE RESULT 

02 The command will terminate, and an inter-
rupt generated after the UDC has issued the 
step pulses. 

03 The command will terminate, and an inter-
rupt generated after the drive has provided 
a SEEK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 

This command uses the step rate value loaded into the 
MODE register. 

STEP IN 1 CYLINDER (Hex Values = 04, 05) 
This command will cause the HOC 9224 to issue one step 
pulse towards the inner most track. This command is gen
erally used during track formatting, and takes two forms: 

COMMAND BYTE RESULT 

04 The command will terminate, and an inter-
rupt generated after the UDC issues the 
step pulse. 

05 The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 

This command uses the step rate value programmed into 
the MODE register. 

STEP OUT 1 CYLINDER (Hex Values = 06, 07) 
This command will cause the HOC 9224 to issue one step 
pulse towards the outer most track (Track 00). This com
mand is generally used during track formatting, and takes 
two forms: 

COMMAND BYTE RESULT 

06 This command will terminate, and an inter-
rupt generated after the UDC issues the 
step pulse. 

07 This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
ognition of the SEEK COMPLETE, the UDC 
will generate an interrupt. 

This command uses the step rate value programmed into 
the MODE Register. 



POLL DRIVES (Hex Values = 10 thru 1 F) 
This command polls the drives for a SEEK COMPLETE 
signal allowing the user to perform simultaneous seeks on 
up to four drives. Polling is enabled by setting (to 1) the 
appropriate bit in the command word: bit O for drive 0 thru 
to bit 3 for drive 3. 
This command executes as follows: 

The UDC will output a drive select for the first drive in 
the polling sequence and look for a SEEK COM
PLETE status input from the polled drive. If the polled 
drive has not completed a seek, then this line remains 
low (logic O), and the UDC selects the next drive in the 
polling sequence. This continues until the UDC detects 
a SEEK COMPLETE signal from a drive, which causes 
the DONE bit in the Interrupt Status register to be set, 
and the command terminates. 
The U DC will continue to select the drive that produced 
the SEEK COMPLETE signal, allowing the user to read 
the DRIVE STATUS register to determine which drive 
caused the command termination. 

The POLL DRIVES command must be preceeded by SEEK 
or DESELECT. In normal use, a SEEK command would 
precede the POLL DRIVES command. In those cases 
where another command (other than SEEK) has been 
issued to a drive in the polling sequence, it will be neces
sary to DESELECT that drive prior to issuing the POLL 
DRIVES command. This applies even if the selected drive 
was not included in the polling sequence. 
DRIVE SELECT (Hex Values = 20 thru 3F) 
This command will cause one of (up to) four drives to be 
selected for operation. Any previously selected drive is 
deselected by this command. Bits O and 1 in the command 
word indicate (in binary form) which of the (up to) four drives 
has been selected. 

COMMAND WORD DRIVE 
DB1 DBO SELECTED 

0 0 Drive O 
0 1 Drive 1 
1 0 Drive 2 
1 1 Drive 3 

Decoded drive select signals are then placed on the data 
bus (via AB7-AB4) during OUTPUT 1 times and should be 
latched externally. 
Since the HOC 9224 can interface both hard disks and floppy 
disks to a processor, the Drive Select command needs to 
also specify the type of drive being selected. Bits 2 and 3 in 
the command word are used to pass this information to the 
chip, and take the following form: 

COMMAND WORD TYPE 

DB3 DB2 OF DRIVE 

0 0 Hard disk with ST506 (Seagate) 
compatible format-256 byte data 
field and 3 byte ID field per sector. No 
internal clock prescaling performed. 

0 1 Hard disk with user defineable for-
mat. This format allows a data field 
length of 128, 256, 512, 1024, 2048, 
4096, 8192, or 16384 bytes with 4 
byte ID field per sector. No internal 
clock pre-scaling is performed. 

1 0 8 inch floppy disk, with standard 4 
byte ID field. An internal divider ere-
ates a 1 MHz clock to be compatible 
with standard disk data rates. 

1 1 5.25 inch floppy disk, with standard 4 
byte ID field. An internal divider ere-
ates a 500 KHz clock to be compat-
ible with standard disk data rates. 

NOTE: Microfloppy system designers should determine 
whether the drive they have chosen to use in the system is 
compatible with 8" floppy drives or 5.25" floppy drives, and 
use the appropriate values from the table above. 

Note that eight inch Winchester-type drives require an 8.696 
MHz system clock. All other drives require a 1 O MHz system 
clock. It is not possible for the UDC to derive internally the 
clocks required for floppy disk operation from the 8.696 MHz 
clock required by 8 inch Winchester drives. 
To insure compatibility with various drives, the HOC 9224 
features a programmable head load timer. Head load delay 
may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
Select command word to 0. If Bit 4 is set (to 1 }, then the 
head load delay timer is configured with the value in the 
DATA/DELAY register (Register A), multiplied by value 
shown below: 

DRIVE AND HEAD LOAD TIMER INCREMENT 
FORMAT SELECTED (BIT 4 = 1 = Delay Enabled) 

5.25" HARD DISK 200 usec 
(Double Density) 

5.25" HARD DISK 400 usec 
(Single Density) 

(The HEAD LOAD 8"FLOPPY 2msec TIMER is set to a value (Double Density) equal to this increment 8"FLOPPY 4msec times the number in the (Single Density) DATA/DELAY register.) 
5.25" FLOPPY 4msec 

(Double Density) 
5.25" FLOPPY 8msec 

(Single Density 

The Drive Select command also optimizes certain charac
teristics of the HOC 9224 for the type of drive selected. 

IF HARD DISK SELECTED: 
-OMA mechanism works in burst mode and the bus is 

held for the entire sector transfer. 
- The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 
- The GAP lengths are as shown in Table 1. 

REGISTER POINTER 

SET REGISTER POINTER COMMAND 
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IF FLOPPY DISK SELECTED: 
-OMA mechanism transfers an 8-bit byte, and releases 

the bus. 
- The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 128. 
- The GAP lengths are as shown in Table 1. 
- The CLK input clock is prescaled (internally) to create 

an internal clock compatible with the floppy disk data 
rates. 

SET REGISTER POINTER (Hex Values = 40 to 4A) 
This command causes the register pointer to point to a reg
ister. The desired register number is loaded into the 4 least 
significant bits of the command word. (MSB in BIT 3). 
The register pointer is incremented by the UDC on each 
register access, until it points to the DATA register. This 
reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val
ues are loaded into the command word. (Valid register 
numbers are 0 thru OAH.) 

SEEK/READ ID (Hex Values = SO to S7) 
This commar:id will cause the UDC to read the first sector 
ID field found from the currently selected drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 
After reading the ID field the UDC will examine the com
mand word and execute the specified options. Bits 2 thru O 
in the command word are used to specify the following 
options: 
BIT 2 = 1 STEP ENABLE. The UDC will execute the step 

sequence, and position the head on the track 
specified by the DESIRED CYLINDER register. 

BIT 2 = 0 STEP DISABLE. No step pulses will be issued 
by the UDC. 

BIT 1 = 1 WAIT FOR COMPLETE. The UDC will proceed 
to the verify sequence only after the drive has 
issued a SEEK COMPLETE signal. 

BIT 1 = 0 DO NOT WAIT FOR COMPLETE. The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 

BIT 0 = 1 VERIFY ID. The UDC will execute the VERIFY 
sequence after operations selected by the pre
vious options have finished. 

BIT 0 = 0 DISABLE VERIFY ID. The UDC will not enter 
the VERIFY sequence. Instead, the command 
will terminate. 

The order in which these options execute is: STEP, COM
PLETE, VERIFY ID. Any combination of these option bits 
may be specified in the command word. 

READ SECTORS PHYSICAL (Hex Values = SB and S9) 
This command will cause the UDC to read up to a full track 
from the disk. The user specifies the MODE, DESIRED 
CYLINDER, DESIRED HEAD, and DESIRED SECTOR 
along with the SECTOR COUNT. The UDC will find the 
requested cylinder and sector and set up to begin the data 
transfer. 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
If a BAD SECTOR bit is read (from the sector ID field) the 
UDC will set the COMMAND TERMINATION bits (in the 
INTERRUPT STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT STATUS register) to 1, and termi
nate the command. 

After each sector is successfully read, the SECTOR COUNT 
register is decremented. If the SECTOR COUNT register 
is not yet equal to O the process is repeated for the next 
physical sector on the track. This command also will ter
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar
ison is made against sector numbers found on the disk as 
the DESIRED SECTOR register valoe may not correspond 
to the next physical sector on the disk because of sector 
interleaving.) 
This command takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
O in the command word, and are: 
BIT 0 = 1 TRANSFER ENABLE. The UDC will transfer the 

data fields to (external) memory, using DMA. 
SITO= 0 TRANSFER DISABLE. The UDC will NOT 

transfer any data to (external) memory, but all 
error detection circuitry will be enabled and 
errors reported. This is useful in detecting bad 
sectors and tracks on the disk. 

Before executing this command, the user must set the 
RETRY COUNT to 0. This is done by loading the high order 
nybble in the RETRY COUNT register to "1111" (zero in 1 's 
complement format). Failure to do this will result in unpre
dictable performance because the DESIRED SECTOR 
register value may not correspond to the next physical sec
tor on the disk. 

READ TRACK (Hex Values = SA and SB) 
When this command is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting. The UDC will begin reading when it detects the lead
ing edge of an index mark signal from the drive, and termi
nate reading when it detects the next leading edge of an 
index mark signal. Sync detect is performed for the ID field, 
but no error checking is done on the data field. 
This command allows the user to specify a data transfer 
option, using Bit 0 in the command word. These options are: 
BIT 0 = 1 TRANSFER ALL DATA. The UDC will transfer 

the ID field and data fields to (external) memory. 
SITO= O TRANSFER ONLY IDs. The UDC will transfer 

only ID fields to the (external) memory. This is 
useful during tape backup operations. 

READ SECTORS LOGICAL (Hex Values = SC to SF) 
When this command is issued, the UDC will read up to a full 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will use the information in the MODE, 
DESIRED CYLINDER, DESIRED SECTOR and DESIRED 
HEAD registers to locate the correct track, sector and drive 
surface (using the previously described VERIFY sequence). 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
Before the command is issued, the system processor must 
also load the desired values into the MODE, SECTOR 
COUNT, RETRY COUNT and the three DMA registers. 
After the desired track and sector is found and verified, the 
DATA TRANSFER sequence begins. After each success
ful sector transfer, the UDC increments the DESIRED 
SECTOR register, decrements the SECTOR COUNT reg
ister, and re-enters the VERIFY sequence. This process 
continues until the SECTOR COUNT register is equal to O 
(or an error occurs). 
This command has four options, which are specified by Bit 
1 and Bit O of the command word. The four options are: 
BIT 1 = 1 BAD SECTOR BYPASS. If, during the read, the 

UDC finds a sector with the BAD SECTOR bit 
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NO 

NO 

CORRECT ERROR 
IN MEMORY 

RETURN 

READ SECTORS OPERATION 

set (from the sector ID field on the disk), the sec
tor be skipped, the sector count will not be dec
remented, and the sector number will not be 
changed. 

BIT 1 = 0 BAD SECTOR TERMINATE. If, during a read, 
the UDC finds a sector with the BAD SECTOR 
bit set, the UDC will set the COMMAND TER
MINATION CODE to 1-0, set the BAD SECTOR 
status bit and the DONE status bit, and termi
nate the command (with an interrupt, if ena
bled). All of the above named status bits are 
contained in the INTERRUPT STATUS register. 

BIT 0 = 1 TRANSFER ENABLED. The UDC will transfer 
data from the disk to the system. The OMA 
REQUEST status bit (in the INTERRUPT STA
TUS register) will be set when the UDC requires 
servicing. 
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BIT 0 = 0 TRANSFER DISABLED. The UDC will not 
transfer data read from the disk, but all error 
checking circuitry will be enabled. 

FORMAT TRACK (Hex Values 60 to 7F) 
This command causes the UDC to format the current cyl
inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen
dent on the Drive Select command. 
During execution of the FORMAT TRACK command, the 
UDC will fetch all required ID field data from external mem
ory, and write it to the disk, along with format constants sup
plied automatically by the UDC. This reduces the number 
of bytes required to format a sector to 3 or 4, depending on 
the format chosen. 
Before the FORMAT TRACK command can be given, the 
system processor must: 

14 

6 

29 

1. Generate an ID Field table for the track in UDC 
memory area. This ID Field Table consists of: 

CYLINDER BYTE 
HEAD BYTE 
SECTOR NUMBER BYTE 
SECTOR SIZE/ECG SIZE BYTE (not required for 
ST-506 formats) repeated for each sector on the track. 

0 
25 

2 

INTERLEAVED SECTORS 

The UDC can format a track with interleaved sectors by 
staggering the sector numbers. For example, to format a 
32 sector track, with a sector interleave factor of 4, the 
system processor would set up the ID Field table sector 
numbers as follows: 
0,8, 16,24,1,9, 17,25,2,10,18,26,3,11,19, 
27 ... 7,15,23,31. 
(Note that when formatting in ST506 mode, only three 
bytes are required for each sector, while four bytes are 
needed for IBM or user defineable formats. Also note that 
sector numbers start with zero (0) on ST506 compatible 
format, and start with one (1) on IBM formatted floppy 
diskettes.) 

2. Load the UDC OMA registers with the starting address 
of the external memory buffer containing the ID Field data 
just created. 
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3. Issue the DRIVE SELECT command, which moves the 
OMA registers to the CURRENT HEAD, CURRENT 
CYLINDER, and a TEMPORARY REGISTER. (This is 
necessary because the UDC will now re-use the OMA 
registers to hold format parameters). 
When formatting multiple cylinders, the system proces
sor does not need to re-issue DRIVE SELECT between 
cylinders as the STEP IN and STEP OUT commands 
preserve the OMA addresses and format parameters. It 
is necessary, however, to update the ID Field table, 
described in #1, above. · 

4. Load the DESIRED HEAD register with the proper value. 
5. Load the following values (in the format shown) into the 

registers indicated below: 

PARAMETER FORMAT REGISTER 

GAPO Size two's complement format OMA 7-0 
GAP 1 Size two's complement format OMA 15-8 
GAP2 Size two's complement format DMA23-16 
GAP3 Size two's complement format Desired Sector. 
Sync Size one's complement format Desired Cylinder 
Sector Count one's complement format Sector Count 
Sector Size one's complement format Retry Count 

Mull. 

FORMAT PARAMETERS TABLE 
Since there is no GAP O specified in the ST506 format, 
the GAP 1 value should be loaded into both the OMA 
7-0 and OMA 15-8 registers. 
The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a sector data field size of 
256 bytes, then the Sector Size Multiple would be set to 
FD hex, which is "2" in one's complement notation. 
In ST506 format, the sector size is fixed at 256 bytes. In 
IBM floppy disk format, the sector sizes allowed are 128, 
256, 512, or 1024 bytes. With user defineable hard disk 
formats, allowed sector sizes are 128, 256, 512, 1024, 
2048, 4096, 8192, or 16384 bytes. 

6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC options. 

7. Step to the desired track. For the first track, this is nor
mally done by issuing a RESTORE DRIVE command, to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands to move the head to sub
sequent cylinders on the disk. 

8. Issue the FORMAT TRACK command. All data fields on 
the disk will be filled with ES hex. In double density 
recording (MFM) all gaps will be filled with 4E hex, while 
in single density (FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 

9. To Format additional tracks, it is only necessary to update 
the ID Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED HEAD register when format
ting additional tracks with the same head. If it is neces
sary to change the DESIRED HEAD register, the system 
processor must repeat all steps described above. 
The FORMAT TRACK command allows the user to 
specify several options. These options are specified by 
setting the appropriate low order bits in the command 
word. The bit mapping for these options are: 

BIT 4 = 1 Write Deleted Data Mark. During the for
mat process, the UDC will write the 
deleted data mark (F8 hex) for the data 
address field. 

BIT 4 = O Write Normal Data Mark. During the for
mat process, the UDC will write the nor
mal data field address mark (FB hex). 
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BIT 3 = 1 Write with Reduced Current. When this bit 
is set, the Reduced Write Current Output 
will go high (active) during the Output 2 
time slot. 

BIT 3 = O Write with Normal Current. When this bit 
is reset, the Reduced Write Current Out
put wil remain low (inactive) during the 
Output 2 time slot. 

Bits 2, 1, and O are used to select the Write Precom
pensation value to be used during the format of disks. 
The following table specifies these values: 

BIT2 BIT1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and 

LATE Outputs 

WRITE SECTORS LOGICAL (Hex Values AO thru BF, 
EOthru FF) 

This command will cause the UDC to write logically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR DESIRED CYLINDER 
DESIRED HEAD SECTOR COUNT 
OMA 7-0 OMA 15-8 
OMA 23-16 MODE 
RETRY COUNT 

Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1 's complement format {1111 ). 

WRITE 

SEEK TO 
DESIRED CYLINDER 

WRITE DATA MARK 
OR DELETED 
DATA MARK 

WRITE DATA 
TO DISK 

CALCULATE CRC OR 
ECC BYTES AND 
WRITE TO DISK 

RETURN 

WRITE DATA OPERATION 



Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under "UDC Com
mand Overview"). 

After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data (using OMA) from the memory 
area specified by the OMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. 

Next, the SECTOR COUNT register is decremented, and 
if not yet equal to 0, the operation continues for the next 
logical sector. 

This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC
TOR FLAG set in the ID field. 

BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flag set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 

BIT 5 = 1 WRITE LOGICAL COMMAND BIT 
(Always set to "1" for Write logical 
command); 

BIT 4 = 1 DELETED DATA MARK. Data will be writ
ten with a Deleted Data Mark (F8 hex) in 
the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and O are used to select the Write Precom
pensation value to be used during writes to disks. 
The table below specifies these values. 

BIT2 BIT 1 SITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and 

LATE Outputs 

NOTE: For hard disks, precompensation is handled 
with an external delay line, which is connected to the 
EARLY and LATE Outputs of the UDC. These lines 
toggle in response to the data pattern being written 
to the disk. 
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WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F, 
CO thru DF) 

This command will cause the UDC to write physically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR 
DESIRED HEAD 
OMA 7-0 
OMA 23-16 
RETRY COUNT 

DESIRED CYLINDER 
SECTOR COUNT 
OMA 15-8 
MODE 

Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to O, in 
1 's complement format (1111 ). 
Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under "UDC Com
mand Overview"). 
After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (FB hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data (using OMA) from the memory 
area specified by the OMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR COUNT register is dec
remented, and if not yet equal to 0, the operation continues 
for the next physical sector. 
This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC
TOR FLAG set in the ID field. 

BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flat set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 

BIT 5 = 0 WRITE PHYSICAL COMMAND BIT 
(Reset to "O" for Write Physical 
Command). 

BIT 4 = 1 DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and O are used to select the Write Precom
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 

I 



BIT2 BIT 1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None-; enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and LATE 

Outputs 

NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
LATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 

TAPE BACK-UP (Hex Values = 08 to OF) 
The TAPE BACK-UP command set provides the system with 
the capability of transferring data to and from a tape drive 
in continuous blocks. TAPE BACK-UP utilizes the UDC's 
OMA, data conversion, error detection/correction and sec
tor count circuitry. 
Because of the mechanical and electronic differences 
between tape drives and disk drives, some of the register 
bits described earlier in this data sheet change functions 
when the UDC is executing the TAPE BACKUP COM
MAND. In many cases, the CLK input to the UDC will also 
need to be changed to compensate for the slower data rate 
from tape drives. 
TAPE BACKUP REGISTER DESCRIPTION 
The following bits in the UDC's register file assume the 
functions listed below when executing the BACK-UP com
mand and should be programmed accordingly. 
The following tables describe the differences in register 
usage when the UDC is executing the TAPE BACKUP 
command. (Complete TAPE BACKUP register bit maps are 
located in rear of the data sheet.) 

MODE REGISTER 
Bit 2 = 1 16 byte sync detect delay enable 

= 0 16 byte sync detect delay disabled 
Bit 1 = 1 TAPE BACKUP Write Enable (writing) 

= 0 TAPE BACKUP Write Disable (reading) 
Bit 0 = 1 Tape mark enable (short block) 

= 0 Tape mark disable (long block) 

RETRY COUNT REGISTER 
Bits 7-4 Retry should be disabled, by setting these bits to 

"1 ". (Retry Disabled) 
Bits 3-0 program outputs (user controlled). Bit 3 is typically 

used for write enable to the tape drive. 
Bits 0 and 1 are typically used for tape driven 
motion control as per drive manufacturer's 
specification. 

DESIRED CYLINDER 

Bits 7-4 

DB? 

0 
DB6 

0 

ECC Type Field: 

DB5 DB4 

0 0 

0 

0 

ECCTYPE 

4 ECC bytes generated/ 
checked 

5 ECC bytes generated/ 
checked 

6 ECC bytes generated/ 
checked 

7 ECC bytes generated/ 
checked 

note: 5, 6, 7 byte ECCs are generated and checked by 
hardware external to the UDC. · 
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DESIRED CYLINDER 
Bit3 Always 1 
Bits2-0 Data Block Size: 

DB2 DB1 DBO DATA BLOCK SIZE 

0 0 0 128 bytes 
0 0 1 256 bytes 
0 1 0 512 bytes 
0 1 1 1024 bytes 
1 0 0 2048 bytes 
1 0 1 4096 bytes 
1 1 0 8192 bytes 
1 1 1 16,384 bytes 

Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability of a miscorrection. 
Also, when executing the TAPE BACKUP command, the 
DRIVE SELECT command is altered slightly, as illustrated 
below: 

DRIVE SELECT COMMAND 
Bit# 7 6 5 4 3 

Drive 0 0 Ramp Up/Down 
Select delay enable 

2 
CLK 

divisor 

DB2 CLOCK DIVISOR FOR TAPE 

0 CLK is divided by 10 (similar to 8" floppy divisor). 

0 

0 

1 CLK is divided by 20 (similar to 5.25" floppy divisor). 

These bits, in conjunction with Bits 4 and 7 of the MODE 
register, will allow selection of both FM and MFM recording 
on tape, with a tape format that resembles IBM compatible 
floppy disk formats. 
Setting the Drive Type bits to 1 ,0 or 1, 1 will also cause the 
UDC to take on the following characteristics: 
-OMA mechanism transfers a byte (8 bits) and relin

quishes the bus. 
- The RDGATE and WRGATE output signals have timing 

characteristics as shown in Figures 12A and 12B of the 
UDC spec. 

- The gap lengths are as illustrated in Table 1 or the UDC 
spec. 

- Tape format parameters will be as per Table 1 of the UDC 
spec. 

COMMAND EXECUTION OVERVIEW 
The tape backup command allows the user a convenient 
method of backing up either floppy or hard disks to tape. 
The UDC may be interfaced to either cartridge or cassette 
type tape drives, working in either streaming or start/stop 
mode. 
Read and Write functions of TAPE BACKUP share a com
mon command byte. The three LS B's of the MODE register 
are also used by the TAPE BACKUP command to specify 
user options, and to select between tape read or tape write 
mode. 
Two kinds of blocks may be specified when reading or writ
ing dependent on the state of the TAPE MARK ENABLE bit 
in the MODE register: 

1. DATA BLOCK. The length of the data block (also 
called a long block) is equal to: 
2n* 128 bytes where n is an integer 
between O and 7 inclusive. The 
desired length of the data block (2n) 
is programmed into the desired cyl
inder register. 



2. TAPE MARK. The minimum length of the tape 
mark (also called a short block) is 3 
bytes. The maximum length of the 
tape mark is 257 bytes. The desired 
length is programmed into the sec
tor count register. 

Multiple data block transfers are accomplished by pro
gramming the 1 's complement of the desired number of data 
blocks to be transferred into the sector count register. 
The three LSB's of the MODE register function as part of 
the BACK-UP command word. The WRITE ENABLE bit 
determines whether loading the BACK-UP command into 
the UDC will initiate execution of a BACK-UP READ or 
BACK-UP WRITE sequence. The TAPE MARK ENABLE 
bit determines whether the UDC will write a short or long 
block of data on the tape and the DELAY ENABLE bit deter
mines whether or not the RDGATE signal is stretched when 
it coincides with a sync mark when reading the tape. The 
remaining bits in the command word are as follows: 

COMMAND DB7 DB6 DB5 DB4 DB3 DB2 DB1 

BACK-UP 0 0 0 0 0 O 
(READING) 

DBO 
xfer 

enable 
BACK-UP 
(WRITING) 

0 0 0 0 
precomp value 

BACK-UP READ 
When reading a short block, only CRC is checked. When 
reading a long block, CRC or ECC will be checked, depend
ing on the CRC/ECC bits in the Mode register. 
Bit 0 = 1 Data transfer enabled, error checking enabled 

= O Data transfer disabled, error checking enabled 

BACK-UP WRITE 
When writing, the precompensation value is derived from 
the CLK frequency as follows: 

Bit 2 Bit 1 Bit 0 Precompensation 

0 1 0 None, enable EARLY and LATE 
1 0 1 6 CLK cycle periods 
0 1 1 5 CLK cycle periods 
1 1 1 4 CLK cycle periods 
1 1 0 3 CLK cycle periods 
1 0 0 2 CLK cycle periods 
0 0 1 1 CLK cycle period 
0 0 0 None, suppress EARLY and LATE 

PRECOMPENSATION SELECT FOR BACK-UP COMMAND 

TAPE BACKUP SYSTEM CONFIGURATION NOTES 
(A schematic showing a typical system implementation 
using the TAPE BACKUP feature is contained in Sche
matic Diagram 2.) 

1. Proper operation of the TAPE BACKUP command 
requires that the tape drive be addressed as DRIVE -#3 
by the UDC. 

2. During the UDC's OUTPUT 2 period external circuitry 
must enable a separate latch to receive the user defined 
10 bits and tape track number bits. This latch should 
use the DRIVE SELECT 3 signal (output during the 
OUTPUT 2 period) so that the contents of the latch may 
only be changed when the tape drive is selected. 
Four additional drive control signals may be loaded into 
the four LSB's of the RETRY COUNT register. These 
additional outputs are latched externally during OUT
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena
ble logic (bit 3) and tape motion (bits O and 1 ), and tape 
motor on and off (bit 2). 
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3. It is important to consider the time required for a tape 
drive to come up to operating speed when using the 
TAPE BACKUP command. Also, to insure adequate 
spacing between tape blocks, a delay is frequently 
required before stopping tape motion. The UDC has a 
programmable Ramp Up and Ramp Down timer to allow 
for easier implementation. The desired delay is pro
grammed into the DATA/DELAY register before issuing 
the DRIVE SELECT "3" command. 

DENSITY BIT 
CLOCK MODE 

DIVISOR REGISTER TIME IN SECONDS PER 
BIT BIT4 DELAY REGISTER COUNT 

1 1 (Single) 1 CLK Cycle * 80000 
1 O (Double) 1 CLK Cycle * 40000 
0 1 (Single) 1 CLK Cycle * 40000 
0 O (Double) 1 CLK Cycle * 20000 

The UDC will issue a normal interrupt (with the com
mand termination code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 

4. BACK-UP WRITE. The user will first request the UDC 
to perform a disk READ TRACK command, with the 
TRANSFER ENABLE bit in the command word reset. 
This will cause the UDC to transfer only the ID field 
information to memory. 
The TAPE BACKUP command will then be issued 
causing the UDC to write this ID information to the tape 
as a tape mark (typically 96 bytes for a drive formatted 
with a 3 byte/sector ID field or 128 bytes for a drive for
matted with a four byte/sector ID field. The data fields 
should then be transferred to the tape in a similar 
manner. 
The UDQ- may be used with either "Streaming" or "Start/ 
Stop" type tape drives. This is illustrated by the follow
ing examples: 

A. START/STOP TAPE DRIVE: 
typically transfers 112 or 1 disk track at a time as illus
trated by the following flow chart: 

READ DATA FROM DISK TO MEMORY 

START TAPE DRIVE 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

When controlling a start/stop tape drive, the UDC will 
write the data "block by block". The system will issue 
a Drive Select command to the UDC with the Tape 
Motion, Motor On and Write Enable bits set to start 
and write data to the tape. 
The UDC will interrupt the system after the comple
tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt is distinguished by the 
Command Term_ination Code of 0-0 (normal comple
tion of command). 
The System then outputs the Write command (for a 
long or short block) and waits for the command ter
mination interrupt. The UDC will write the Sync mark 
and tape mark or data block on the tape. 
When the System receives the interrupt indicating 
completion of the Write command, it will issue another 
drive select command with the Motor On and Write 
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Enable bits set to stop the drive. The UDC will inter
rupt the system after completion of the Ramp Down 
Delay indicating that the tape has stopped moving. 
The UDC will turn the Write Gate signal on when it is 
writing data and off when it is not, without regard to 
the tape motion. The Write Gate signal is used to gen
erate "gaps''. on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data - signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 

[DRIVE STOPPED [DRIVE STOPPED 

GAP I TAPE MARK AND/OR DATA BLOCK I GAP L..I ---

WRITE GATE_: 

TAPE SPEED: 

STOPPED I TAPE AT SPEED \STOPPED 

RAMP UP DELAY - RAMP DOWN DELAY 

DRIVE SEL JL BACKUP L DRIVESEL 
1 . tape motion on 1. read or write 1. tape motion off 

2. write enable off 
(write or read) 

2. write enable on 2. long or short block 
(write) or off 
(read) 

B. STREAMING TAPE DRIVE: 
typically transfers 1 sector at a time as illustrated 
by the following flow chart: 

START TAPE DRIVE 

READ DATA FROM DISK TO MEMORY 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

Control of a streaming tape drive is similar to that of a 
start/stop drive. The tape is started at the beginning 
of the data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig
nal on when it is wriUng data and off when it is not so 
that gaps will be written (with external hardware) on 
the tape between the data blocks. 

5. BACK-UP READ. The data is read from the tape (in 
either start/stop or streamer mode) and buffered in 
memory. The disk traGk is then reconstructed from 
the data. 
The start/stop drive typically has a track (or half a track) 
of disk data stored as a block. It is therefore expedient 
to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating the track on 
the disk. 
Tape motion control is similar to that described above 
except that the Write Enable Bit is off to inhibit writing to 

the tape. The UDC reads the tape until it detects a sync 
mark. After detecting a sync mark the UDC will transfer 
the data found on the tape to memory. 

6. The search count is used when reading the tape. It 
specifies a maximum number of blocks of 128 bytes 
between adjacent data blocks. If the search count 
expires before sync is detected, the command is 
terminated. 
For example, if a search count of two is specified by 
loading the Desired Sector register with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. This will prevent the UDC from acciden
tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM1 
and TM2 are two tape marks and DB1, DB2, DB3 etc. 
are their associated Data Blocks: 

TM1 DB1 DB2 DB3 DB4 TM2 DB1 
1-----1 1-----1 1-----l 1-----l f---1 1----l 1-----l 

search count 

7. 16 BYTE DELAY. Provision is made to shift the RDGATE 
pulse in the event that it coincides with the data block 
sync mark. If a tape cannot be read (sync is never 
detected) the tape can be re-read with the 16 byte delay 
enabled. 

DATA GAP sync DATA GAP 

RDGATE without delay: 

L miss sync mark detect 

RDGATE with delay: 

8. The DRIVE STATUS bits may be used by the tape drive 
if they are enabled (on the drive) by DRIVE SELECT 3. 
The ready change interrupt is especially handy for 
detecting start of tape (SOT) and end of tape (EQT) as 
a UDC command can be terminated by a change in state 
of the READY input. 

9. The DATA FORMAT is as follows: 

I PRE TMSYNC TAPE MARK POST GAP PRE DBSYNC DATA BLOCK POST GAP I 

The Tape Mark sync mark (TMSYNC) is composed of 
three bytes of A1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) is composed of 
three bytes of A 1 (Hex) followed by one byte of FB (Hex). 
A 1 (Hex) is encoded with the standard missing clock 
pattern. 

The sync mark is preceeded by a "preamble" consist
ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required to synchronize the data separator when 
reading the tape). The Tape Mark and Data Block 
(including CRC or ECC bytes) are followed by a "post
amble" consisting of one byte of 00. 
Note that the postamble is not included in the Floppy 
Disk formats. The GAP sizes are dependent on the type 
of drive (start/stop or streamer) and the specific 
mechanical tape drive specifications. 

1 O. Use can be made of the Sector Count register when 
doing a "file" (versus a "mirror image") backup on a 
start/stop tape drive. Instead of transferring the entire 
disk track to the tape in one long block, the data is moved 
file by file. 
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If, for example, it is desired to back up a file consisting 
of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified as 2n * 128 restricting 
blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 
If file backup is used and the Sector Count is set to five, 
256 byte long Data Blocks can be used. Gaps will be 
generated on the tape corresponding to the time 
required to get the data from the disk drive (correspond
ing to OMA delays and the disk interleave factor). 
The tape will not be stopped until the entire file is trans
ferred. When using sector count, the UDC internal pro
gramming will create inter-block gaps of about 30 to 32 
bytes on the tape in both single (FM) and double (MFM) 
density modes. 

11. Typical determination of CLK frequency for a tape drive 
is illustrated by the following example: 
A tape drive manufacturer specifies a flux transition 
density of 640 transitions/inch or a 192 KHz data rate 
(corresponding to a bittime of 5.208 uSec). The bit time· 
for a 5% inch double density floppy disk is 4 uSec. 

The CLK frequency required to read and write the tape 
can be determined by solving the following equation 
forX: 

4uSec 1/10 MHz -- X =·7 69 MH 
1/X MHz . z 5.2 uSec 

This is the maximum CLK frequency for the UDC in this 
instance. Also note that in this instance the CLOCK 
DIVISOR bits (Bits 3 and 2 in the Drive Select com
mand word) should be set to 1-1, just as they would be 
set for the 5.25" floppy drive specified in the example. 
The user must be sure that the clock transition (between 
1 O MHz and the frequency required by the tape drive) 
is done without "glitches". In many applications, it may 
be more convenient to simply divide the standard 1 O 
MHz clock by 2 (externally), and use the resultant 5 MHz 
signal as the CLK input when using the TAPE 
BACKUP command, even though this will reduce the 
total amount of data that may be stored on a single tape 
cassette or cartridge. 
Additionally, the user should issue a RESET command 
when switching between tape and disk clocks. This will 
ensure proper operation of the UDC. 

SYSTEM CONFIGURATION NOTES 

A simplified UDC schematic is shown in Schematic 1. The 
following notes may be helpful in implementation of the UDC. 

1. In systems using a private memory area, it is important 
to know when the buffer needs servicing from the host 
processor. A second interrupt signal (INT2) signals the 
processor that servicing is needed. INT2 is generated by 
externally ANDING the ECCTM signal with STB1 signal. 
(The STB1 signal is active when the UDC_§_putputing 
the OMA address data, and occurs when STB is active 
(low), SO is active (high) and S1 is inactive (low)). 
This "interrupt" occurs only when the UDC needs the 
system processor to either read from or write to the buffer 
memory. When reading from the disk, the system pro
cessor should empty the memory buffer each time this 
signal becomes active. (If an ECC error is detected, and 
error correction is enabled, this signal will not become 
active until the UDC has attempted to correct the error.) 
When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes active. · 

2. The DIP (OMA in Progress) signal is used to isolate the 
buffer memory from the main system memory. If 7 4LS244 
and 7 4LS245 address buffers are used in the memory 
addressing circuits, then this signal should be used to 
enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 

3. Write precompensation (for floppy disks) is handled 
internally by the UDC. For hard disks, the LATE and 
EARLY signals are connected to a multiplexer which, in 
turn is connected to a 24 ns delay line. The EARLY and 
LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted ± 12 ns from the nominal 12 ns delay specified 
by hard disk manufacturers. 

4. The interface to the hard disk drive data inputs and out
puts requires RS-422 data tranceivers. Other disk drive 
interface circuits (including floppy disk data inputs and 
outputs) may be 74LS series devices. 

5. Since the UDC uses its Aux Bus for multiple functions, 
the system designer must be able to determine which 
function is occuring on the Aux Bus at any given time. 
The SO and S1 signals, when combined with STB signal 
are decoded (using a 74LS138 or equivalent) to provide 
STB0-3 signals. 

These generated signals and their respective functions 
are: 

STBO Drive Status Input Time Slot 
STB 1 External OMA Address Counters Time Slot 
STB2 Output 1 Time Slot 
STB3 Output 2 Time Slot 

6. The clocks required by the UDC are not TTL-level com
patible. Pullup resistors (typically 390 ohms) should be 
used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable rise 
and fall times. 

7. The UDC features a built-in OMA controller that requires 
connection to external counters. These counters are 
configured so that they are incremented after each byte 
is transferred. (The UDC's internal OMA circuits transfer 
the starting memory address for each read or write oper
ation.) 74LS161 Counters are typically used in this area. 

8. The DMACLK input should be tied to the master system 
clock, through a bus buffer. It is important to remember 
that three DMACLK periods are required for each OMA 
transfer. 

9. The system design may be simplified, and costs reduced, 
by using the FDC 9216B Floppy Disk Data Separator, to 
separate raw data from the floppy disk drive into RDATA 
and RCLK. 
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ERROR CHECKING AND CORRECTION CIRCUIT (ECC) 
OPERATING PRINCIPLES 
The UDC will automatically detect and correct errors in the 
data read from the disk. Error checking may be done using 
industry standard CRC or ECC encoding. Error correction 
may be done using either internal or external ECC encod
ing. This section will explain ECC operation, as imple
mented on the UDC. 
The UDC contains two 16-bit registers used by the CRC/ 
ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, implementing 
a full 32-bit algorithm. 
These registers may be preset to either one or zero, using 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION register. (This allows compatibility with 
existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated beginning with the sync mark of 
the address (CRC) or data (ECC) field. 
CRC/ECC GENERATION 
The UDC uses the following industry standard polynomials 
in computing the CRC and ECC check bytes: 

CRC: x16 +x12 +x5 +1 
ECC: x32 + x23 + x21 +x11 + x2 + 1 

As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, the remaining two (CRC) or four 
(ECC) bytes remaining in these registers are written to the 
appropriate address or data field. 
CRC/ECC CHECKING 
When CRC or EGC checking is initiated, the internal CRC/ 
ECC registers are set to either zero or one, as required by 
the CRC PRESET bit in the INTERRUPT/COMMANl:> 
TERMINATION REGISTER. Data read from the disk is 
simultaneously shifted thru the CRC/ECC registers, and 
transferred to external memory. 
After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC registers, the remainder in these registers 
should be zero, else an error has occurred in the address 
or data block. 
If CRC or ECC (without correction) is enabled, automatic 
retry (if enabled) or command termination will occur. If inter
nal ECC with automatic correction is enabled, the correc
tion algorithm will be executed. If the internal ECC algorithm 
is unable to correct the error (in one attempt), then auto
matic retry (if enabled) or command termination will occur. 
ECC CORRECTION 
Error Correction consists of three distinct parts: 
1. The CRC/ECC registers are normalized by shifting zeros 

thru the register. This sets up a data block which is 42,987 
bits long, which corresponds to the "natural message 
length" of the generation polynomial. The actual number 
of zeros shifted through the registers depends on the dif
ference between the natural message length of the gen
erator polynomial and the actual length of the data block 
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being checked. The longest data block that can be cor
rected (using the internal ECC algorithm) is 4K bytes. 

2. The data input to the CRC/ECC registers is then dis
abled and the OMA counters are re-initialized to the 
starting address for this data block. The contents of the 
CRC/ECC registers are then "ring-shifted" until 21 con
secutive zeros are detected. The remaining bits in the 
CRC/ECC registers compose the error syndrome. As the 
CRC/ECC registers are shifted, the UDC generates OS 
signals, causing the external OMA counters to be incre
mented. When the 21 consecutive zeros are detected, 
the OMA counters are pointing to the corrupt data. 
If the error syndrome is not found within the data block 
the error is judged to be uncorrectable and the correction 
algorithm is terminated. (The data block is the length of 
the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 

3. When the error syndrome is detected, the UDC will ena
ble its ECCTM output, read the next byte from memory, 
exclusive-or it with the first byte of the three byte error 
syndrome, disable the ECCTM output and write the cor
rected byte back to memory. The correction process is 
then repeated for the next two bytes in memory. 
When using internal ECC (with correction enabled), the 
ECCTM output is used by the external OMA counters to 
inhibit the counters from incrementing their addresses 
when correcting the erroneous bytes. When using exter
nal ECC, the ECCTM output goes active (low) when the 
UDC is requesting the ECC Check Bytes from the exter
nal ECC chip prior to writing them to the disk. 
After a correction is completed, the UDC will then attempt 
to read the next sector on the disk (if the SECTOR 
COUNT register is still greater than zero). Anytime ECC 
correction has been attempted, (even if unsuccessful), 
the CORRECTION ATTEMPTED bit in the CHIP STA
TUS register will be set. 

The maximum time required for one ECC Correction Cycle 
(using the internal algorithm) is: 
1) (Natural Message Length [Bits)}+- 4 = ECC Cycle Time 

8 (in Byte times) 

2) Ma>Cimum ECC Time = ECC Cycle Time + 30 byte times 
Since the internal algorithm has a natural message length 
of 42,987 bits the ECC Cycle time is 5,377 byte times. Since 
a period of about 30 byte times must be allowed for the read
modify-write operations, the Maximum ECC Time equals 
5,407 byte times. 
One byte time equals the amount of time required to read 
one byte for the type of drive selected. For Hard Disks, this 
is about 1 microsecond. This equates to approximately 1 
revolution (maximum) for either 8" floppy disk (running in 
double density) or 5.25" hard disk. 
During the entire operation, the RDGATE signal is kept 
active. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................................. Oto + 70 C 
Shortage Temperature Range ....................................................................... - 55 C to + 150 C 
Lead Temperature (soldering, 10 sec.) ........................................................................ + 325 C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 8 V 
Negative Voltage on any Pin, with respect to ground ........................................................... - 0.3 V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched off In addition voltage transients on the AC power line may appear 
on the DC output. If this possibility exists it is suggOsted that a Clamp circuit be used.~ 

Notke·rh . It/If NARY 
DC ELECTRICAL CHARACTERISTICS Ta= 0 C to + 70 C, Vee= 5.0V ± 5% Sornepar~me!~~~noratina1specificar 

~ PARAMETER MIN TYP MAX UNIT COMMENTS e. -Input Voltage 
Vil Low 0.8 v 
Vih1 High 2.0 v all inputs except CLK 
Vih2 High 4.2 v CLK input 

Output Voltage 
Vol1 Low 0.4 v all outputs except WDATA, 
Voh1 High 2.4 v Early and Late. (Drive 1 

TTL load into 50 pf) 
Vol2 Low 0.4 v WDATA, EARLY and LATE 
Voh2 High 2.4 v outputs. (Will drive 1 

Schottky load into 15 pf.) 

Input Leakage Current 
IL 10 uA 

Input Capacitance 
Cin 25 pf 

Power Supply Current 200 
Ice ma 

AC ELECTRICAL CHARACTERISTICS Ta= O C to + 70 C, Vee= 5.0V ± 5% 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

PROCESSOR WRITE CYCLE 
C/Q, R!W, CS Setup time to DSl Toss 110 ns 
CID, R/W, CS Hold time to DSj TosA 0 ns 
DS Pulse Width TosL 150 ns 
DS Pulse High Time _ TosH 700 ns 
Data Bus In Setup time to DSj T DIS 100 ns 
Data Bus In Hold time to DSj To1A 0 ns 

PROCESSOR READ CYCLE 
Data Access time from DSl Toos 75 ns 
Data Hold time from DSj TooA 10 ns 

UDC TO MEMORY TIMING 
(BUS MASTER) 

(based on 1 O Mhz CLK Input) 
Write Setup time to DS~ Tws 110 ns 
Write Data Strobe Widt Twos 180 ns 
Write Hold time from DSj TwA 110 ns 
Data Strobe Falling Edge TosF 10 ns 
Data Strobe Rising Edge_ TosR 10 ns 
Write Data Setup time to D~ Twos 20 ns 
Write Data Hold time after D j TwoA 150 ns 
Memory Access Time Tw 200 ns 

Read Setup time to D~ TRs 110 ns 
Read Hold time after D 'tv T RA 110 ns 
Read Data Strobe Pulse idth T RDS 180 ns 
Read Data Setup time to D~ T RDS 50 ns 
Read Data Hold time from D j T RDA 0 ns 
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PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

SO_,__fil, AND STB TIMING 
STB Width Tsw 800 ns 
SO, S1 Hold time after STBj Tso 100 ns 
Data In Setup time to S~ To1s 700 ns 
Data In Hold time after ST j To1H 0 ns 

INPUT CLOCK TIMING (10 MHz Input) 
Clock Rise Time TRT 10 ns 
Clock Fall Time T RF 10 ns 
Clock Cycle High Time TcH 40 ns 
Clock Cycle Low Time T CL 40 ns 
Clock Cycle Time Tcvc 100 ns ±5 ns 

PRECOMPENSATION TIMING 
Early, Late Setup time 

(Before WDATA j) TwwA 6 ns 
Early, Late Hold Time 

(after WDATAl) Twws 50 ns 

FLOPPY INPUT DATA TIMING 
Window Setup time to RDCLK T FRB 50 ns 
Window Hold time from RDDATA j TFRA 50 ns 

HARD DISK INPUT DATA TIMING 
Data Setup time to RDCLKl THRB 60 ns 
Data Hold time after RDCLKl THRA 10 ns 
Clock Setup time to RDCLKJ T HCB 60 ns 
Clock Hold time from RCLK THCA 10 ns 
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ABQl-7 .._ __ _ 

*REQUIRED 
FOR STANDARD 
UDC/HARD DISK 

INTERFACE 

STB2 

STB3 

STBQl 

WGATE 

WO 

: LS244 : 

• • • • 

• • e LS374 

/\ 

DISK DRIVE 
STATUS 

HEAD# 

/\ 
4 

TAPE DRIVE 
STATUS 

} TAPE MOTION CTL 

WRITE ENABLE 

TRACK# 

DATA+ 

DATA -

SCHEMATIC 2: UDC/TAPE DRIVE INTERFACE CIRCUIT 
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r5V W----Tcvc---~ 

~ 39on 

----~[)oY'lo----__,_ ____ TO CLK INPUT 
CLK 

74504 
or 

equivalent 

FIGURE 1: RECOMMENDED CLK DRIVER CIRCUIT FIGURE 2: INPUT CLOCK TIMING (10MHz) 

cs· 

R/W 

CID 

D87-0 

RIW 

D87-0 
(WRITES) 

087-0 
(READS) 

FIGURE 3: SYSTEM PROCESSOR TO UDC TIMING 

I 141---- Tw-----• I 
__ TR-----rlB=i---+-r-- ~-L...--~~-TR•--

~i:-Tw_a ___ T_os-, --T----TD-SR---Tw-.~J 
----------.! H--- r:~:---~ 1.------------

Twos 

DATA VALID (WRITE TO MEM) : 
I 

FIGURE 4: UDC TO MEMORY TIMING (BUS MASTER) 
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DMACLK 

DMAR 

ACK 

DIP 

BYTE 
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RiW 

5S 

DB 7·0 

Figure 5 
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I 
I 
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I /, 
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I 
I 
I 
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\ 

,'>'TRISTATE 

""-------------------------------~:------__:~--------------....:...,_._ 
\ 
\ 

TRISTATE ,,. 
I I 

!~ '_~ TRISTATE \___) 
\ 

I I 

----------------------~( ______ DA_r_A_o_uT-----~ -e-r-- MAX BYTE RATE 1.6µs ---1 
UDC DMA MEMORY TIMING FOR HARD DISK 

(BURST MODE) 

FIGURE 5: UDC OMA MEMORY TIMING FOR HARD DISK (BURST MODE) 

FIGURE 6: UDC OMA TIMING FOR FLOPPY DISK (1 BYTE AT A TIME) 

515 

I 



81, 80 

8TB 

AB 7-0 

_____.X'---xj 

DATA 
VALID 
OUT 

FIGURE 7: S0, S1, STB TIMING 

BIT 171615141312 I 1 I ol 7161514131211 I ol 

CLK 

WDATA 

0 0 

~ MISSING CLOCK 

0 ' 0 0 1 1 0 

""I ••------ ADDRESS MARK--------1-------- DATA "FE" --------1-

WDATA 

EARLY, 
LATE 

DRIVE TYPE 

HARD DISK 

8" MFM FLOPPY 

8" FM FLOPPY 

5114' MFM FLOPPY 

5114' FM FLOPPY 

T(typ) 

200NS 

2 µS 

-
4µs 

-

FIGURE 8: UDC DATA WRITE TIMING 

.._ ________ T----------

TwR (typ) 

100NS 

300NS 

300NS 

300NS 

300NS FIGURE 9: PRECOMPENSATION TIMING 
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DATA 
BIT 

MFM 
READ DATA 

READ CLOCK 

RDATA 

INTERNAL 
COMPARE 

RDCLK 

RDDATA 

I 1 I a I 
1 ... ,.,. _____ ADDRESS MARK--------

0 0 

i------- A1, 0A COMPARE -------1 t__ SYNC BYTE 

TFRB ___ _ 

L_FLUX 
REVERSAL 

FLOPPY INPUT DATA TIMING 
(HARD DISK BIT= 0) 

FIGURE 10 

FLOPPY DISK FORMAT; SINGLE DENSITY 

HARD DISK INPUT DATA TIMING 
(HARD DISK BIT= 1) 

ECCTM 
2 bytes 

FX n t'-4------------ REPEATED N TIMES------------~ 
IND~ l.___ _________________________ __::.....___rl_ 

GAP 1 
16X4E 

HARD DISK FORMAT 

FIGURE 11: DISK FORMATS 
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INDEX n. 
DATA j Ga I SYNC j.10 j G2 I SYNC I DATA j Ga j SYNCI 1oj Gaf sYNCIDATAI Ga I G4 I 

I 256 bytes I 
ID I G2 I SYNC I DATA I G3 I SYNC j 10 I G2 I SYNC I 

: I 5 BYTES j+..I 
RDGATE ...---------......... 

AM FOUND! i AM FOUND 

----+---------+-Fs-----FE--t-FB-+-FE --

(OOUBLE OENSITY) __ A1FE --.+--A1FB-f--A1FE------------+- A1FB---- A1FE ---f- A1FB-J_. A1FE---

LOOKING FOR" 

(SINGLE DENSITY) ---FE---+--

AM FOUND i AMAM FOUND AM NOT FOUND 

(HARD DISK) 

INDEX 

--A1FE--+--A1F8+ A1FE------------t- A1F8 ----+- A1FE--+ A1F8+ A1FE--

FIGURE 12A: RDGATE DURING DISK READ 

*8 bytes for single density 
""128 bytes for single.density 

jGo l'sYNcj 1NfJXjG1jsYNcj1~a2j SYNcl DATA laa!sYNcj1ola~sYNcl DATAlaa I SYNcl 10 I !321 SYNC I DATA I aa j SYNC I ID I a2 j SYNC I DATAI aa j G4 

: RDG3 ......l J--L16'1lytes 

ROG~E 111 : r:u::-5-Byt_e_s ----, II I 
AM FOUND H ~ ~ ~ AM NOT FOUND i AM FOUND i AM FOUND 

WRGATE WRG
2 I I WDG3 J I .-------.L__ 

FIGURE 128: RDGATE AND WRITE GATE TIMING 

STANDARD FORMAT PARAMETERS 

PARAMETER HARD DISK SINGLE DEN. FLOPPY DOUBLE DEN. FLOPPY 

GAP0* 0 40 80 

GAP1 * 16 26 50 

GAP2* 3 11 22 

GAP3* 18 27 54 

SYNC SIZE* 13 6 12 

SECTOR COUNT* user selectable user selectable user selectable 

SECT. SIZE MULT * user selectable user selectable user selectable 

ROG 1 16 73 NA 

RDG2 5 13 24 

RDG3 18 27 54 

WDG2 3 11 22 

WDG3 3 11 22 

* = PARAMETER USED BY FORMAT COMMAND 

TABLE 1: STANDARD FORMAT PARAMETERS 
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DMA 7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED SECTOR 
(REGISTER 3) 

DESIRED HEAD 
(REGISTER 4) 

DESIRED CYLINDER 
(REGISTER 5) 

SECTOR COUNT 
(REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPT/ 
COMMAND TERM. 

(REGISTER 9) 

DATA/DELAY 
(REGISTER A) 

CURRENT HEAD 
(READ REGISTER 4) 

CURRENT CYLINDER 
(READ REGISTER 5) 

CHIP STATUS 
(READ REGISTER 8) 

DRIVE STATUS 
(READ REGISTER 9) 

INTERRUPT 
STATUS 

(COMMAND READ) 

7 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

ALWAYS 
0 

(MSB) 

(MSB) 

6 

(MSB) 

REGISTER BIT DEFINITIONS 

5 4 3 

LOW ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

MIDDLE ORDER BYTE OF OMA BUFFER 
MEMORY STARTING ADDRESS 

HIGH ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

DESIRED SECTOR NUMBER 

2 

HIGH ORDER BITS OF 
DESIRED CYLINDER 

DESIRED HEAD NUMBER 

(MSB) 

LOW ORDER BITS OF DESIRED CYLINDER 

NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND 

0 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

RETRY COUNT (1 'S COMPLEMENT) PROGRAMMABLE OUTPUTS 

HARD 
DISK 

CRC PRESET 
1 =Set to 1 
O=Set to 0 

(MSB) 

BAD 
SECTOR 

FLAG 

(MSB) 

CRC/ECC 

ALWAYS 
0 

ENABLE 

INTERRUPT 
ON 

DONE 

SINGLE 
DENSITY 

FLAG 
DELETED 

DATA 
MARK 

ALWAYS 
0 

USER 
DEFINED 

FLAG 

STEP 

FLAG 
WRITE 

PROTECT 

HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER 
DATA IS LOADED TO OR READ FROM THIS REGISTER 

RATE 

FLAG 
READY 

CHANGE 

HIGH ORDER BITS OF CURRENT HEAD NUMBER 
CURRENT CYLINDER 

(MSB) (MSB) 

LOW ORDER BITS OF CURRENT CYLINDER NUMBER 

SELECT 

FLAG 
WRITE 
FAULT 

(LSB) 

(LSB) 

(LSB) 

'---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

RETRY ECC CRC/ECC DELETED SYNC COMPARE 
REQUIRED CORRECTION ERROR DATA ERROR ERROR PRESENT DRIVE SELECTED 

ATTEMPTED MARK READ 

ECC SEEK TRACK USER WRITE DRIVE WRITE 
ERROR INDEX COMPLETE 00 DEFINED PROTECT READY FAULT ACTIVE ACTIVE 

INTERRUPT DMA COMMAND TERMINATION READY OVERRUN/ BAD 
PENDING REQUEST DONE CODE CHANGE UNDERRUN SECTOR 

TABLE 2: REGISTER BIT MAPS 
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REGISTER 

DMA 7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED 
SECTOR 

(REGISTER 3) 

DESIRED 
HEAD 

(REGISTER 4) 

DESIRED 
CYLINDER 

(REGISTER 5) 

SECTOR COUNT 
(REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPT/ 
COMMAND 

TERMINATOR 
(REGISTER 9) 

UDC WRITE REGISTERS (APPLIES DURING TAPE BACKUP ONLY) 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 

(MSB) DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) 

(MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 

(MSB) DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 

(MSB) MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) 

TRK# TRK# TRK# 0 0 0 0 BIT3 BIT2 BIT 1 

ALWAYS ECCTYPE DATA BLOCK SIZE 1 

TAPE MARK BLOCK SIZE 
(IN 2'S COMPLEMENT + 1) 

(MODULO 256) (2) 
OR 

ALWAYS CRC/ECC SINGLE/ ALWAYS "0" ENABLE DOUBLE 0 FOR TAPE CODE DENSITY 

CRC ALWAYS INTERRUPT ALWAYS USER ON PRESET 0 DONE 1 DEFINED 

NOTES: (1) The maximum search count is composed of: 
130 byte inner loop (RDGATE high 128, 2 byte times) 
times the number programmed (maximum of 33, 150 byte times 

(2) Tape mark operation 
(3) Data block operation 

DATA BLOCK COUNT 
(IN 1 'S COMPLEMENT) 

(3) 

USER DEFINED OUTPUTS 

SYNC WRITE DELAY ENABLE ENABLE 

FLAG FLAG 
WRITE READY 

PROTECT CHANGE 

TABLE 3: TAPE BACKUP REGISTER BIT MAPS 
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UDC READ REGISTERS (APPLIES TAPE BACKUP ONLY) 

REGISTER DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

OMA 7-0 (MSB) DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) (LSB) (REGISTER 0) 

DMA 15-8 (MSB) DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) (LSB) (REGISTER 1) 

DMA 23-16 (MSB) DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) (LSB) (REGISTER 2) 

DESIRED (LSB) 
SECTOR 

(REGISTER 3) 
(MSB) MAXIMUM SEARCH COUNT (IN 1 'S COMPLEMENT) 

CURRENT 
HEAD x x x x x x x x 

(REGISTER 4) 

CURRENT 
CYLINDER x x x x x x x x 

(REGISTER 5) 

I CHIP ECG CRC/ECC PRESENT 
STATUS x CORRECTION x x x DRIVE 

(REGISTER 6) ATIEMPTED ERROR SELECTED 

DRIVE USER USER SEEK USER USER WRITE WRITE STATUS DEFINED DEFINED COMP DEFINED DEFINED PROTECT READY FAULT (REGISTER 7) (1) (2) (2) (1) 

DATA READ DATA (REGISTER 8) 

INTERRUPT INT DMA COMMAND READY OVER/ 
STATUS PENDING REG DONE TERMINATION CHANGE UNDER x 

(REGISTER 9) CODE (3) RUN 

NOTES: (1) Active level can generate interrupt. 
(2) Active Level will not cause interrupt. 
(3) Command termination bits set to: 

11 for data transfer error 
10 for sync error 
00 for successful termination 

x Don't care 

TABLE 4: TAPE BACKUP REGISTER BIT MAPS 
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RESET 

DESELECT 
DRIVES 

RESTORE 
DRIVE 

STEP IN 
1 CYLll'!DER 

STEP OUT 
1 CYLINDER 

POLL 
DRIVES 

SELECT 
DRIVE 

SET REGISTER 
POINTER 

SEEK/READ ID 

READ SECTORS 
PHYSICAL 

READ 
TRACK 

READ SECTORS 
LOGICAL 

FORMAT 
TRACK 

WRITE SECTORS 
PHYSICAL 

WRITE SECTORS 
LOGICAL 

TAPE 
BACKUP 

7 

0 

0 

0 

0 

0 

0 

0 

0 I 

0 

0 

0 

0 

0 

1 

1 

0 

COMMAND BIT DEFINITIONS 

6 5 4 3 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

2 

0 0 

0 0 

0 

0 

0 

0 

1 - Boffe"'d I Seek 
0 =Normal 

Seek 

, - """""'·' I Seek 
0 =Normal 

Seek 

1 - BWleced I Seek 
0 =Normal 

Seek 

0 0 1 = Poll Drive 3 1 = Poll Drive 2 1 = Poll Drive 1 1 = Poll Drive 0 
0 = Don't Poll 0 = Don't Poll 0 = Don't Poll 0 = Don't Poll 

0 

1 

1 = Bad Sector 
Bypass 

0 =Bad Sector 
Termination 

1 =Bad 
Sector 
Bypass 

0 =Bad 
Sector 

Terminate 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 =Head Load 
Delay Enabled 

0 =Delay 
Disabled 

0 

1 

Write 
Deleted 

Data 

Write 
Deleted 

Data 

Write 
Deleted 

Data 

0 

DRIVE TYPE 

REGISTER 

0 

1 

Write With 
Reduced 
Current 

Write With 
Reduced 
Current 

Write With 
Reduced 
Current 

Step 
Enable 

0 

0 

1 

WRITE: 

READ: 

TABLE 5: COMMAND WORD BIT MAPS 
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DRIVE UNIT SELECTED 

NUMBER 

Wait 
For 

Complete 

0 

Verify 
ID 

Enable 
Transfer 

11 =Transfer Alli 
0 = Transfer ID 

1 = Bad Sector 
Bypass 

0 =Bad 
Sector 
Terminate 

PRECOMPENSATION 
VALUE 

PRECOMPENSATION 
VALUE 

PRECOMPENSATION 
VALUE 

Enable 
Transfer 

PRECOMPENSATION VALUE 

0 0 Transfer Enable 

l 



DESIRED VALUE: 10 
BINARY REPRESENTATION: 00001010 
ONE'S COMPLEMENT: 11110101 (INVERT EACH BIT) 
TWO'S COMPLEMENT: 11110110 (ADD 1 TO ONE'S COMPLEMENT) 

Many processors have instructions which will automatically compute one's and two's 
complement numbers. Some examples follow: 

8085 
CMA; complement acc. (one's complement) 
INR A ; convert 1 's complement to 2's complement 

6800 
NO; one's complement 
NEG ; two's complement 

Z-80* 
CPL ; one's complement of Acc. 
NEG ; two's complement of Acc. 

8086/8088 
NOT ; one's complement 
NEG ; two's complement 

TABLE 6: HOW TO COMPUTE ONE'S AND TWO'S COMPLEMENT VALUES 

*Registered trademark of Zilog Corporation 
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35Ma-tusBM.~NY11788 
(516)273·3100 TWX-510-2nBB98 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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' 1 >May be custom mask programmed 
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STANDARD MICROSYSTEMS 
CORPORATION, KR2376-XX 

f 

Keyboard Encoder Read Only Memory 
FEATURES PIN CONFIGURATION 

D Outputs directly compatible with TTUDTL or 
MOS logic arrays. Vee 40 Frequency Control A 

D External control provided for output polarity 
selection. 

D External control provided for selection of odd 
or even parity. 

D Two key roll-over operation. 
D N-key lockout. 
D Programmable coding with a single mask 

change. 
D Self-contained oscillator circuit. 
D Externally controlled delay network provided 

to eliminate the effect of contact bounce. 
D One integrated circuit required for complete 

keyboard assembly. 
D Static charge protection on all input and 

output terminals. 

Frequency Control B 

Frequency Control C 
Shift Input 

Control Input 

Parity Invert Input 

Parity Output 

Data Output BB 

Data Output B7 

Data Output B6 

Data Output BS' 

Data Output B4 

Data Output B3 

Data Output B2 I 

Data Output Bl 

Strobe Output 

Ground 

VGG 

Strobe Control Input 

Data & Strobe 
Invert Input 

39 

") 
3B X1 

37 X2 Keyboard 
36 x3 Matrix 
35 x4 Outputs 
34 XS 

33 X6 

'D" X7 

10 31 YO 

11 30 Y1 

12 29 Y2 

13 2B Y3 

14 27 Y4 Keyboard 

15 26 YS Matrix 

16 25 Y6 Inputs 

17 24 Y7 

1B 23 YB 

19 22 Y9 

20 21 Y10 

D Entire circuit protected by a layer of glass 
passivation. PACKAGE: 40-Pin D.l.P. 

GENERAL DESCRIPTION 
any special interface components. The SMC KR2376-XX is a 2376-bit Read Only Memory 

with all the logic necessary to encode single pole 
single throw keyboard closures into a usable 9-bit 
code. Data and strobe outputs are directly compatible 
with TTL/DTL or MOS logic arrays without the use of 

The KR2376-XX is fabricated with low threshold, 
P-channel technology and contains 2942 P-channel 
enhancement mode transistors on a single monolithic 
chip, available in a 40 pin dual-in-line package. 

KR2376-XX 
Vaa~-----

VaNo~ 
Vee --+-4 

I 
I 
I 
I 
I 
I 
I 
I 

41 
SHIFT INPUT --;~-+---ti 

CONTROL INPUT --;~-+---ti 

I 
T1 

TYPICAL CONNECTION OF KR2376-XX 

50 KHz 
OSCILLATOR 

CLOCK 
CONTROL 

8 
STAGE 
RING 

COUNTER 

36 
35 
34 
33 
32 

YO 

XO 
X1 
X2 
X3 

Vee Vee I I 
DATA & STROBE 20 I 

INVERT INPUT --;~----ti I 

INVER/~~~~ -
5
-+-----. .__,--~~~~~--~............. I _______ J 

15 

Fig.1 DATA OUTPUTS 
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EXAMPLE 

R1 (680KO), Cl (.001µ1) provide approx. 1.5 ms delay 
(see figure 5) 

•• R2 (100K(I), C2 (50pf) provide 50KHz clock frequency 
(see figure 6) 

Y10 

I 



MAXIMUM GUARANTEED RATINGSt 
Operating Temperature Range ............................................... 0° C to +70° C 
Storage Temperature Range ............................................. -65° C to +150° C 
GND and VGG, with respect to Vee ........................................... -20V to +0.3V 
Logic Input Voltages, with respect to Vee ..................................... -20V to +0.3V 

t Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 
(TA= 0° C to +70°C, Vee= +5V ±0.5V, VGG = -12V ±1.0V, unless otherwise noted) 

Characteristics Min Typ Max Unit Conditions 

CLOCK 20 50 100 KHz see fig.1 footnote(**) for typical 
R-Cvalues 

DATA INPUT 
Logic "O" Level +0.8 v 
Logic "1" Level Vcc-1.5 v 
Input Capacitance 10 pf 

INPUT CURRENT 
*Control, Shift & YO 
thru Y10 10 100 140 µA V1N=+5.0V 

*Control, Shift & YO 
thru Y10 5 30 50 µA V1N =Ground 

Data Invert, Parity Invert .01 1 µA V1N = -5.ov to +5.0V 
DATA OUTPUT & X OUTPUT 

Logic "O" Level +0.4 v loL = 1.6mA (see fig. 7) 
Logic "1" Level Vcc-1.0 v loH = 100µA 

POWER CONSUMPTION 140 200 mW Norn. Power Supp. Voltages 
(see fig. 8) 

SWITCH CHARACTERISTICS 
Minimum Switch Closure see timing diagram-fig. 2 
Contact Closure Resistance 

between X1 and Y1 300 Ohm 
Contact Open Resistance 

between X1 and Y1 1x107 Ohm 

*Inputs with Internal Resistor to VGG 

DESCRIPTION OF OPERATION 

The KR2376-XX contains (see Fig. 1 ), a 2376-bit 
ROM, 8-stage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 
controllable delay network foreliminatingtheeffect 
of contact bounce, and TTUDTUMOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 

address is formed by combining the Shift and 
Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter 
and the external inputs to the 11-bit comparator are 
wired to the keyboard to form an X-Y matrix with the 
88-keyboard switches as the crosspoints. In. the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are 'not valid' at 
this time. 
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When a key is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XO thru X7) and one input of the 11-bit comparator 
(YO-Y10). After a number of clock cycles, a condition 
will occur where a level on the selected path to the 
comparator matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
signal to the clock control and to the Strobe Output 
(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 

(81-89) stabilize with the selected 9-bit code, 
indicated by a 'valid' signal on the Strobe Output. 
The Data Outputs remain stable until the key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (pin 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 
Outputs 81 thru 88 (pins 8 thru 15) and the Strobe 
Output (pin 16). 

SPECIAL PATTERNS 

Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 cod_es of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 

ROM covering most popular codes such as ASC11, 
E8CD1 C, Selectric, etc., as well as many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 

Y KEYBOARD 
MATRIX OUTPUT 

STROBE OUTPUT 

TIMING DIAGRAM 
SWITCH SWITCH 

CLOSURE RELEASE 

u ..u. 

Vee 

Vee 

88 CLOCK CYCLES_, r . STROBE WIDTH 

MINIMUM SWITCH CLOSURE~ 

~;v~~~~ ~ ~ S6~~A~E ~;v~~~~ ~ 
I 
I 
I 
I 
I 

Va1 1----------------' 

L~ .Sµs ~ 
DATA~ 
VALID 

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 x Y1) + STROBE DELAY + STROBE WIDTH 

~9~~ 
MAXIMUM DETERMINED DETERMINED BY MINIMUM TIME 
EXPECTED BY FREQUENCY EXTERNAL RC REQUIRED BY 

OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 

Fig.2 

POWER SUPPLY CONNECTIONS FOR 
TTL/DTL OPERATION 

OUTPUT DRIVER & "X" OUTPUT STAGE 
TO KEYBOARD 

TTL/DTL [ 
LOGIC OR INPUTS 
SMC LOW 
VOLTAGE 

MOS LOGIC 

-12V +5V Gnd 

18 17 

KR2376-XX l 
TTL/DTL 

OUTPUTS LOGIC OR 
SMC LOW 
VOLTAGE 
MOS LOGIC 

POWER SUPPLY CONNECTIONS FOR 
MOS· OPERATION 

-17V 

Gnd 
Vaa Vee VaND 

FROM HIGH OR [ 
1
8 17 

LOW VOLTAGE INPUTS 
MOS OR TTL/DTL KR2376-XX 

REFERENCED 
TO-SV 

Fig.3 

OUTPUTS] TO HIGH 
OR LOW 
VOLTAGE 
MOS 
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"Y" INPUT STAGE FROM KEYBOARD 
v 

"Y'" TO 
KEYBOARD INTERNAL 

INPUT GATING 
T 

STATIC CHARGE Vee COUNTER 
PROTECTION DEVICE INPUT 

Fig.4 
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.0025µ1 

.002µ1 

w 
(.) 
z .0015µ1 
~ 
li 
ct. .001µ1 
< 
(.) 

.500pf 

STROBE OSCILLATOR 
DELAY FREQUENCY 
VS.C 1 VS.C2 

200 

d..160 

w 
§! 120 
< 
I-
li 
ct. 

80 

< 
(.) 40 

0 
0 20 40 60 80 100 

DELAY - msec FREQUENCY - KHz 

Fig.5 Fig.6 

CODE ASSIGNMENT CHART 
KR2376-ST 

8 Bit ASCII, odd parity 

Fig.9 
B1 B2 83 84 B5 86 B7 B8 

~ ~ ~ XO f" PARITY BIT 

111 123456789 i--L+..--.:._ _______________ NORMAL 

i--L------------------+ SHIFT 
i--------·--------+ CONTROL 

(Code representative of key depression at 

yg 

location XO-Y9 and proper mode selection) 

TYP. OUTPUT 
ON RESISTANCE 

VS. GATE 
BIAS VOLTAGE 

TYP. POWER 
CONSUMPTION 

VS. TEMPERATURE 

30 25 20 15 10 
Vas -Volts 

N = Normal Mode 
s =Shilt Mode 
C = Control Mode 

Fig.7 

ffi 
~ 1401--+--+'"....r-+-t--+-~ 

~ 
a.. 
~ 130 t--+--+--+--+-t---+-~ 

120 .____._____,___..__...___..____._____, 
0 10 20 30 40 50 60 70 

TEMPERATURE - °C 

Fig.8 

DATA (B1-B8) INVERT 
TRUTH TABLE 

DATA & STROBE CODE- DATA 
INVERT INPUT ASSIGNMENT OUTPUTS 

(Pin 20) CHART (B1-B8) 

STROBE INVERT 
TRUTH TABLE 

DATA & STROBE 
INVERT INPUT INTERNAL 

(Pin 20) STROBE 

STROBE 
OUTPUT 
(Pin 16) 

PARITY INVERT 
TRUTH TABLE 

PARITY CODE PARITY 
INVERT INPUT ASSIGNMENT OUTPUT 

(Pin 6) CHART (Pin 7) 

MODE SELECTION 
s C=N 
s C=S 
S C=C 
S C =INVALID (SPURIOUS DATA) 

• =Output Logic "1" (see data B1-B8) 
logic "1" = +5.0V 
Logic "O" = Ground 

STANDARD MICROSYSTEMS 
CORPORATION 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

35Mcl'cusBM:l.Hauppauge.NY117BB 
{516)273-3100 TWX-510-22].8896 
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STANDARD MICROSYSTEMS 
CORPORATION1 

t 

KR3600-XX 
KR3600-ST 
KR3600-STD 
KR3600-PRO 

Keyboard Encoder Read Only Memory 
FEATURES PIN CONFIGURATION 
• Data output directly compatible with TTL 
• N Key rollover or lockout operation 
•Quad mode 
•Lockout/rollover selection externally selected as option 
•On chip-master/slave oscillator 
• All 1 O output bits available 
• Fully buffered data outputs 
• Output enable provided as option 
• Data compliment control provided as option 
• Pulse or level data ready output signal provided as an option 
• Any key down output provided as an option 
• Contact bounce circuit provided to eliminate contact bounce 
•Static charge protection on all input/outputs 
•Pin for Pin replacement for GI AY-5-3600 

GENERAL DESCRIPTION 
The SMC Microsystems KR3600-XX is a Keyboard Encoder 

containing a 3600 bit read only memory and all the logic 
necessary to encode single pole single throw keyboard 
closures into a 1 Obit code. 

The KR3600-XX is fabricated with a low voltage p channel 
technology and contains the equivalent of 5000 transistors on a 
monolithic chip in a 40 lead dip ceramic package. 

Yo Y1 Yz Ys y4 Ys y1 y7 y1 y1 BLOCK DIAGRAM 
17 18 19 20 212223 24 2'26 

Function 
Option 

Option l See 
Option , "Pin 

) Assignment 
4 Option Chart" 

Option 5 
Data Output 89 6 

Data Output 88 

Data Output 87 8 

Data Output 86 9 

D Data Output BS 

Data Output 84 

Data Output 83 

Data Output 82 

Data Output 81 

Voo 
Data Ready 

Yo 
Y1 
Y2 
y, 

PACKAGE: 40-Pin D.l.P. 

r------1 ~ 

I 
-----------, 

------------~~~~~NtM1~o.;1K l I ti* Vu-.U, 
Yoo~ 
Yee~ 

I 
I 
I 
I 
I 
I 
I r-i 
I ;: Yoo 

11 

[ M:m:' L ... _______ ..1. ... ~~~-~ ...... J} FREOUEllCY 
OSCILLATORL 3 •A ] . CONTROL 

l I RI* 

10 BIT COMPARATOR J--
ITIIlIIlli 

10 STAGE 
RlllG COUNTER l CLOCK 116 

CONTROL .---... r-....,..~ DATA READY 

I _± l I 

K ENCKOEYDED ~H TIMING 1,. ! 31 14'~_.....i...=--..--fSTROBE DELAY 
MEMORY CIRCUIT J '• I =:!::: 

.__ ____ _.____,J' ;~;,:I I_ cz** 

.----i- Yoo I~ x...Q. -----i 

Xe 

X1 
X2 
x. 
x. 
x. 
x. 
X1 

Xa 
Delay Node Input 

Vee 

Shift Input 

Control Input 

VGG 

v. 
Ya 
y, 

y. 
y, 

y. 

SHIH~ 39 XI ***~j_ 
E 38 X2 ~_!_ 

COOITROL I R 3600 BIT ROM ..._-----i 9 STAGE l----l--l--+'3~7-+-----"x""'3 ---i~=:...::I:...+-+-~-+-+-~'4--
}. (10 llT x IO KEYS x 4 1100[) [""" co~1~TGER t----i--i--~~~:""*"---~~~·---T---t--t-T-l-t--t-'t-11-t--

COM,.L[M[NT 
CONTROL 
I OPTION) 

I :: 
11 
I Y~o f"""-----i 
I JICTIIIIIl '-----' 
I OUTPUT DATA BUFFER }----------' 

I l!JJ..Ll._l_l_lJ 

34 X6 

33 X7 

3Z XI 

14 _.. ANY KEY DOWN __ ...,.T_--,_ OUTPUT 

I 

I TTL/DTL/MOS ! 
..I. ~ COMPATABLE _..._ CHIP ENABLE (OPTION) 

OUTPUT DRIVERS ) 

90 1PsT 
KEYBOARD 
SWITCHES 

L-----t1t~t10t1t1;tit- ___________ _j-E-LOtKOuT1ROLLOVER IOPTIONI 

BIOB911811786B~B4113BZll NOTE. REFER TD FIG.I FOR OPTION PIN SELECTION. 
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*RI llOOK!\I, Cl (45pF) PROVIDES APPROX. 50KHZ CLOCK FREQ. 
**C2 13000$ DELAY/ Cl'FI RZ SUPPLIED INTERNALLY. 

***DIODES NECESSARY FOR COMPLETE oKET ROLLOVER. OP[RATION. 
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DESCRIPTION OF OPERATION 
The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 

circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged into four 90-word by 10-bit groups. The 
appropriate levels on the Shift and Control Inputs selects one oft.he four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (XO thru 
XS) and one input of the 10-bit comparator (Yo-Yg). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER -When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT-When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS-Since the selected coding of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCII, 
EBCDIC, Selectric, etc., as well as many specialized codes. 

Pin 1 Pin 2 

Internal 
Clock 

Pin 3 Pin 4 Pin 5 

LO/RO--cc 
CUSTOM CODING INFORMATION 

The custom coding information for SMC's 
3600 Bit Keyboard Encoder ROM should 
be transmitted to SMC. The Truth Table 

should be completed on the format supplied. 

LEGEND 
CC = Complement Control 

AKO = Any Key Down Output 
B10 = B10 (Data) Output 

LO/RO = Lockout/Rollover 
CE = Chip Enable 

Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source 

External 
Clock 

trT:r1-. . CE---
CC . CE-----

Pin 1 Pin 2 Pin 3 

OPTION SELECTION/PIN ASSIGNMENT 

FIGURE 1 
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t==:CE 
AKO 

810 
cc CE 

I AKO 

810 
CE AKO 
I 810 

AKO 810 

CE AKO 

810 
AKO 810 

AKO 810 
AKO 810 

Pin 4 Pin 5 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................... . 0°C to +70°C 

-55°C to +150°C 
+325°C 
+0.3V 
-25V 

Storage Temperature Range ................................................. . 
Lead Temperature (soldering, 10 sec.) ......................................... . 
Positive Voltage on any Pin, Vee .............................................. . 
Negative Voltage on any Pin, Vee ............................................. . 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 
(TA=0°C to 70°C, Vee= +5V ±5%, VGG =-12V ±1.0V, V00 =GND, unless otherwise noted) 

Characteristics Min Typ** Max Units Conditions 

Clock Frequency 10 50 100 KHz See Block diagram footnote* 
for typical R-C values 

External Clock Width 7 - - µS 

Data & Clock Input 
(Shift, Control, 

Compliment Control, 
Lockout/Rollover, 

Chip Enable 
& External Clock) 

Logic "O" Level VGG - +0.8 v 
Logic "1" Level Vcc-1.5 - Vcc+0.3 v 
Shift & Control Input 

Current 75 150 220 µA v,N= +5V 

X Output (Xo-X8) 

Logic "1" Output Current 40 250 500 µA Vo"Jr =Vee (See Note 2) 
600 1300 4000 µA Vo"Jr=Vcc-1.3V 
900 2000 6500 µA Vour=Vcc-2.0V 

1500 2000 14,000 µA Vour = V cc-5V 
3000 10,000 23,000 µA Vour=Vcc-10V 

Logic "O" Output Current 8 30 60 µA Vour=Vcc 
6 25 50 µA Vour=Vcc-1.3V 
5 20 45 µA Vour = Vcc-2.0V 
2 10 30 µA Vo"Jr=Vcc-5V 
- 0.5 5 µA Vo'JT = V cc-1 OV 

Y Input (Y0·Yg) 
Trip Level Vcc-5 Vcc-3 Vcc-2 v Y Input Going Positive (See Note 2) 
Hysteresis 0.5 0.9 1.4 v (See Note 1) 
Selected Y Input Current 18 100 170 µA V1N=Vcc 

14 80 150 µA V1N=Vcc-1.3V 
13 50 130 µA V1N=Vcc-2.0V 

5 40 110 µA V1N=Vcc-4.0V 
Unselected Y Input Current 9 40 80 µA V1N=Vcc 

7 30 70 µA V1N=Vcc-1.3V 
6 25 60 µA V1N=Vcc-2.0V 
3 15 40 µA V1N=Vcc-5V 
- 0.5 20 µA V1N=Vcc-10V 

Input Capacitance - 3 10 pF at OV (All Inputs) 

Switch Characteristics 
Minimum Switch Closure - -
Contact Closure 

- - See Timing Diagram 

Resistance - - 300 n Zee 
1 x 107 - - n Zco 

Strobe Delay 
Trip Level (Pin 31) Vcc-4 Vcc-3 Vcc-2 v 
Hysteresis 0.5 0.9 1.4 v (See Note 1) 
Quiescent Voltage (Pin 31) -3 -5 -9 v With Internal Switched Resistor 

Data Output (81-810), 
Any Key Down Output, 
Data Ready 

Logic "O" - - 0.4 v loL=1.6mA 
Logic "1" Vcc-1 - - v loH= 1.0m A 

Vcc-2 - - v loH=2.2m A 

Power 
Ice - 12 25 mA Vee= +5V 
IGG - 12 25 mA VGG=-12V 

**Typical values are at + 25°C and nominal voltages. 

NOTE 
1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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TIMING DIAGRAM 
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KR3600-STD 
Normal Shift Control 

xv B-12345678910 B-12345678910 B-12345678910 

00 1 1000111001 < 0011111001 1 1000111011 
01 q 1000110101 a 1000100101 q 1000111111 
02 a 1000010101 A 1000000101 a 1000011111 
03 z 0101110101 z 0101100101 z 0101111111 
04 HT 1001000001 HT 1001000001 HT 1001000001 
05 H 0001000101 H 0001000101 H 0001000101 
06 + 1101011001 + 1101011001 + 1101011001 
07 so 0111001001 > 0111111001 so 0111000001 
08 p 0000110101 @ 0000000101 NUL 0000000001 
09 1 1000111001 ! 1000011001 SOH 1000000001 
10 2 0100111001 @ 0000000101 2 0100111011 
11 w 1110110101 w 1110100101 w 1110111111 
12 s 1100110101 s 1100100101 s 1100111111 
13 x 0001110101 x 0001100101 x 0001111111 
14 RS 0111100001 RS 0111100001 RS 0111100001 
15 % 1010011001 % 1010011001 % 1010011001 
16 m 1011010101 I 1011100101 CR 1011000001 
17 SI 1111000001 SI 1111000001 SI 1111000001 
18 n 0111010101 "0111100101 so 0111000001 
19 2 0100111001 .. 0100011001 STX 0100000001 
20 3 1100111001 # 1100011001 3 1100111011 
21 e 1010010101 E 1010000101 e 1010011111 
22 d 0010010101 D 0010000101 d 0010011111 
23 c 1100010101 c 1100000101 c 1100011111 
24 - 1111100100 - 1111100100 - 1111100100 
25 $ 0010011001 $ 0010011001 $ 0010011001 
26 L 0011000101 L 0011000101 L 0011000101 
27 us 1111100001 us 1111100001 us 1111100001 
28 6 0110111001 & 0110011001 ACK 0110000001 
29 k 1101010101 [ 1101100101 DEL 1111111101 
30 4 0010111001 $ 0010011001 4 0010111011 
31 r 0100110101 R 0100100101 r 0100111111 
32 f 0110010101 F 0110000101 f 0110011111 
33 SP 0000011000 SP 0000011000 SP 0000011000 
34 CAN 0001101000 ( 0001011000 CAN 0001100000 
35 CR 1011000001 CR 1011000001 CR 1011000001 
36 [ 1101111101 [ 1101111101 [ 1101111111 
37 VT 1101000000 VT 1101000000 VT 1101000000 
38 7 1110111001 • 1110011001 BEL 1110000001 
39 .. 0100011001 .. 0100011001 .. 0100011001 
40 5 1010111001 % 1010011001 5 1010111011 
41 t 0010110101 T 0010100101 t 0010111111 
42 g 1110010101 g 1110000101 G 1110011111 
43 v 0110110101 v 0110100101 v 0110111111 
44 ETX 1100000001 ETX 1100000001 ETX 1100000001 
45 I 1011111101 1 1011111101 I 1011111111 
46 ? 1111111001 ? 1111111001 ? 1111111011 
47 - 1011011001 - 1011111001 - 1011011001 
48 ) 1001011001 ) 1001011001 ) 1001011001 
49 SP 0000011001 SP 0000011001 SP 0000011001 
50 6 0110111001 > 0111111001 6 0110111011 
51 y 1001110101 y 1001100101 y 1001111111 
52 h 0001010101 H 0001000101 h 0001011111 
53 b 0100010101 B 0100000101 b 0100011111 
54 : 0101111001 • 0101011001 : 0101111011 
55 > 0111111001 > 0111111001 > 0111111011 
56 ; 1101111001 + 1101011001 ; 1101111011 
57 NUL 0000000001 NUL 0000000001 NUL 0000000001 
58 • 0101011001 • 0101011001 • 0101011001 
59 ! 1000011001 ! 1000011001 ! 1000011001 
60 7 1110111001 & 0110011001 7 1110111011 
61 u 1010110101 u 1010100101 u 1010111111 
62 j 0101010101 J 0101000101 j 0101011111 
63 n 0111010101 N 0111000101 n 0111011111 
64 = 1011111000 = 1011111000 = 1011111010 
65 < 0011111001 < 0011111001 < 0011111011 
66 p 0000110101 p 0000100101 p 0000111111 
67 0 0000111001 ) 1001011001 0 0000111011 
68 & 0110011001 & 0110011001 & 0110011001 
69 # 1100011001 # 1100011001 # 1100011001 
70 8 0001111001 • 0101011001 8 0001111011 
71 i 1001010101 I 1001000101 i 1001011111 
72 k 1101010101 K 1101000101 k 1101011111 
73 m 1011010101 M 1011000101 m 101101111·1 
74 I 1111011001 ? 1111111001 I 1111011001 
75 • 1110011001 .. 0100011001 • 1110011001 
76 LF 0101000000 LF 0101000000 LF 0101000000 
77 = 1011111001 + 1101011001 = 1011111001 
78 FF 0011001001 < 0011111001 FF 0011000001 
79 ( 0001011001 ( 0001011001 ( 0001011001 
80 9 1001111001 ( 0001011001 9 1001111011 
81 0 1111010101 0 1111000101 0 1111011111 
82 I 0011010101 L 0011000101 I 0011011111 
83 • 0011011001 • 0011011001 • 0011011001 
84 . 0111011001 . 0111011001 . 0111011001 
85 ; 1101111001 : 0101111001 ; 1101111001 
86 1 1011100101 [ 1101100101 1 1011100101 
87 - 1011011001 - 1111100101 - 1011011001 
88 0 0000111001 0 0000111001 0 0000111001 
89 9 1001111001 ) 1001011001 HT 1001000001 

Options: 
Internal oscillator (pins 1, 2, 3) Pulse data ready signal 
Any key down (pin 4) positive output 
N key rollover only 

Internal resistor to Voo on shift and control pins 
KR3600-STD outputs provides ASC 11 bits 1-6 on B1-B6, and bit 7 on B8 
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Shift Control 
B-12345678910 

SUB 0101100001 
DLE 0000100001 

@ 0000000101 
p 0000100101 
I 1001000101 

H 0001000111 
+ 1101011011 

so 0111000011 
NUL 0000000001 
SOH 1000000001 
ETB 1110100001 

"0011100101 
A 1000000101 
a 1000100101 

FS 0011100Q01 
% 1010011011 

CR 1011000001 
SI 1111000011 

so 0111000001 
STX 0100000001 
NAK 1010100001 
DC3 1100100001 

B 0100000101 
R 0100100101 
"0111100100 
$ 0010011011 
L 0011000111 

us 1111100011 
ACK 0110000001 
DEL 1111111101 
DC4 0010100001 
ENO 1010000001 

c 1100000101 
SP 0000011000 
BS 0001000000 
M 1011000101 
K 1101000101 

VT 1101000010 
BEL 1110000001 

.. 0100011011 
STX 0100000001 
EOT 0010000001 

D 0010000101 
s 1100100101 

ETX 1100000001 
N 0111000101 
[ 1101100101 

- 1011011011 
) 1001011011 

SP 0000011011 
SOH 1000000001 
DC1 1000100001 

E 1010000101 
T 0010100101 

SYN 0110100001 
z 0101100101 
y 1001100101 

NUL 0000000001 
• 0101011011 
! 1000011011 

ETX 1100000001 
BEL 1110000001 

F 0110000101 
u 1010100101 
- 0111111100 

I 
w 1110100101 
J 0101000101 

DC2 0100100001 
& 0110011011 
# 1100011011 

ESC 1101100001 
ACK 0110000001 

G 1110000101 
v 0110100101 
• 1110011001 

.. 0100011001 
GS 1011100000 
+ 1101011001 

FF 0011000011 
( 0001011011 

EM 1001100001 
1 1011100101 
x 0001100101 
• 0011011011 
. 0111011011 
: 0101111001 
[ 1101100101 

- 1111100101 
0 0000111001 

HT 1001000001 



KR3600-ST 
Normal 

xv B-123456789 

00 ' 000001101 
01 = 101111010 
02 DC3 110010010 
03 - 101101001 
04 BS 000100010 
05 0 000011001 
06 • 011101001 
07 000000000 
08 000000000 
09 000000000 
10 I 111101010 
11 • 011101001 
12 ? 001101010 
13 m 101101110 
14 n 011101110 
15 b 010001110 
16 v 011011110 
17 c 110001101 
18 x 000111101 
19 z 010111110 
20 LF 010100001 
21 '001110101 
22 DEL 111111110 
23 [ 110110110 
24 7 111011010 
25 8 000111010 
26 9 100111001 
27 000000000 
28 000000000 
29 000000000 
30 ; 110111010 
31 I 001101101 
32 k 110101110 
33 j 010101101 
34 h 000101110 
35 g 111001110 
36 I 011001101 
37 d 001001110 
38 s 110011110 
39 a 100001110 
40 000000000 
41 I 110111101 
42 GR 101100010 
43 ' 111001001 
44 4 001011010 
45 5 101011001 
46 6 011011001 
47 000000000 
48 000000000 
49 000000000 
50 p 000011110 
51 0 111101101 
52 i 100101101 
53 u 101011110 
54 y 100111110 
55 t 001011101 
56 r 010011101 
57 e 101001101 
58 w 111011101 
59 q 100011101 
60 000000000 
61 000000000 
62 DC2 010010001 
63 000000000 
64 1 100011010 
65 2 010011010 
66 3 110011001 
67 000000000 
68 000000000 
69 000000000 
70 0 000011001 
71 9 100111001 
72 8 000111010 
73 7 111011010 
74 6 011011001 
75 5 101011001 
76 4 001011010 
77 3 110011001 
78 2 010011010 
79 1 100011010 
80 000000000 
81 000000000 
82 000000000 
83 000000000 
84 000000000 
85 SP 000001010 
86 000000000 
87 DC1 100010001 
88 HT 100100001 
89 ESC 110110001 

Options: Pin 1, 2, 3-lnternal oscillator 
Pin 4-Lockout (logic 1 ), rollover (logic 0) 
Pin 5-Any key down output 

Shift 
B-123456789 

- 011111101 
+ 110101001 

DC3 110010010 
- 111110101 

BS 000100010 
0 000011001 
• 011101001 

000000000 
000000000 
000000000 

? 111111001 
> 011111010 
< 001111001 
M 101100101 
N 011100101 
B 010000101 
v 011010101 
c 110000110 
x 000110110 
z 010110101 

LF 010100001 
: 001111110 

DEL 111111110 
J 101110110 
7 111011010 
8 000111010 
9 100111001 

000000000 
000000000 
000000000 

: 010111001 
L 001100110 
K 110100101 
J 010100110 
H 000100101 
G 111000101 
F011000110 
D 001000101 
s 110010101 
A 100000101 

000000000 
I 101111101 

GR 101100010 
" 010001001 
4 001011010 
5 101011001 
6 011011001 

000000000 
000000000 
000000000 

p 000010101 
0 111100110 

I 100100110 
u 101010101 
y 100110101 
T 001010110 
R 010010110 
E 101000110 
w 111010110 
a 100010110 

000000000 
000000000 

DC2 010010001 
000000000 

1 100011010 
2 010011010 
3 110011001 

000000000 
000000000 
000000000 

) 100101010 
( 000101001 
• 010101010 

& 011001010 
/\ 011110110 
% 101001010 
$ 001001001 
# 110001010 

@ 000000110 
! 100001001 

000000000 
000000000 
000000000 
000000000 
000000000 

SP 000001010 
000000000 

DC1 100010001 
HT 100100001 

ESC 110110001 

All outputs complemented 
Level data ready 
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Control 
B -123456789 

NUL 000000001 
GS 101110001 

DC3 110010010 
CR 101100010 
BS 000100010 

0 000011001 
• 011101001 

000000000 
000000000 
000000000 

ST 111100001 
so 011100010 
FF 001100001 

CR 101100010 
so 011100010 

STX 010000010 
SYN 011010010 
ETX 110000001 

CAN 000110001 
SUB 010110010 

LF 010100001 
FS 001110010 

DEL 111111110 
ESC 110110001 

7 111011010 
8 000111010 
9 100111001 

000000000 
000000000 
000000000 

ESC 110110001 
FF 001100001 
VT 110100010 
LF 010100001 
BS 000100010 

BEL 111000010 
ACK 011000001 
EOT 001000010 
DC3 110010010 
SOH 100000010 

000000000 
ESC 110110001 

GR 101100010 
BEL 111000010 

4 001011010 
5 101011001 
6 011011001 

000000000 
000000000 
000000000 

DEL 000010010 
SI 111100001 

HT 100100001 
NAK 101010010 

EM 100110010 
DC4 001010001 
DC2 010010001 
ENO 101000001 
ETB 111010001 
DC1 100010001 

000000000 
000000000 

DC2 010010001 
000000000 

1 100011010 
2 010011010 
3 110011001 

000000000 
000000000 
000000000 

OLE 000010010 
EM 100110010 

CAN 000110001 
ETB 111010001 
SYN 011010010 
NAK 101010010 
DC4 001010001 
DC3 110010010 
DC2 010010001 
DC1 100010001 

000000000 
000000000 
000000000 
000000000 
000000000 

NUL 000000001 
000000000 

DC1 100010001 
HT 100100001 

ESC 110110001 

ShllVControl 
B-123456789 

RS 011110001 
VT 110100010 

DC3 110010010 
us 111110010 
BS 000100010 

0 000011001 
• 011101001 

000000000 
000000000 
000000000 

us 111110010 
RS 011110001 
FS 001110010 

CR 101100010 
so 011100010 

STX 010000010 
SYN 011010010 
ETX 110000001 

CAN 000110001 
SUB 010110010 

LF 010100001 
FS 001110010 

DEL 111111110 
GS 101110001 

7 111011010 
8 000111010 
9 100111001 

000000000 
000000000 
000000000 

SUB 010110010 
FF 001100001 
VT 110100010 
LF 010100001 
BS 000100010 

BEL 111000010 
ACK 011000001 
EOT 001000010 
DC3 110010010 
SOH 100000010 

000000000 
GS 101110001 
GR 101100010 

STX 010000010 
4 001011010 
5 101011001 
6 011011001 

000000000 
000000000 
000000000 

DEL 000010010 
SI 111100001 

HT 100100001 
NAK 101010010 

EM 100110010 
DC4 001010001 
DC2 010010001 
ENO 101000001 
ETB 111010001 
DC1 100010001 

000000000 
000000000 

DC2 010010001 
000000000 

1 100011010 
2 010011010 
3 110011001 

000000000 
000000000 
000000000 

HT 100100001 
BS 000100010 
LF 010100001 

ACK 011000001 
RS 011110001 

ENO 101000001 
EOT 001000010 
ETX 110000001 
NUL 000000001 
SOH 100000010 

000000000 
000000000 
000000000 
000000000 
000000000 

NUL 000000001 
000000000 

DC1 100010001 
HT 100100001 

ESC 110110001 



KR3600-PRO 

XY Normal 
00 000000000 
01 000000001 
02 000000010 
03 000000011 
04 000000100 
05 000000101 . 
06 000000110 
07 000000111 
08 000001000 
09 000001001 
10 000001010 
11 000001011 
12 000001100 
13 000001101 
14 000001110 
15 000001111 
16 000010000 
17 000010001 
18 000010010 
19 000010011 
20 000010100 
21 000010101 
22 000010110 
23 000010111 
24 000011000 
25 000011001 
26 000011010 
27 000011011 
28 000011100 
29 000011101 
30 000011110 
31 000011111 
32 000100000 
33 000100001 
34 000100010 
35 000100011 
36 000100100 
37 000100101 
38 000100110 
39 000100111 
40 000101000 
41 000101001 
42 000101010 
43 000101011 
44 000101100 
45 000101101 
46 000101110 
47 000101111 
48 000110000 
49 000110001 
50 000110010 
51 000110011 
52 000110100 
53 000110101 
54 000110110 
55 000110111 
56 000111000 
57 000111001 
58 000111010 
59 000111011 
60 000111100 
61 000111101 
62 000111110 
63 000111111 
64 100000000 
65 100000001 
66 100000010 
67 100000011 
68 100000100 
69 100000101 
70 100000110 
71 100000111 
72 100001000 
73 100001001 
74 100001010 
75 100001011 
76 100001100 
77 100001101 
78 100001110 
79 100001111 
80 100010000 
81 100010001 
82 100010010 
83 100010011 
84 100010100 
85 100010101 
86 100010110 
87 100010111· 
88 100011000 
89 100011001 

Options: 
Internal oscillator (pins 1, 2, 3) 
Lockout/rollover (pin 4), with internal resistor to VDD 
Lockout is logic 1 

Shift Control 
001000000 010000000 
001000001 010000001 
001000010 010000010 
001000011 010000011 
001000100 010000100 
001000101 010000101 
001000110 010000110 
001000111 010000111 
001001000 010001000 
001001001 010001001 
001001010 010001010 
001001011 010001011 
001001100 010001100 
001001101 010001101 
001001110 010001110 
001001111 010001111 
001010000 010010000 
001010001 010010001 
001010010 010010010 
001010011 010010011 
001010100 010010100 
001010101 010010101 
001010110 010010110 
001010111 010010111 
001011000 010011000 
001011001 010011001 
001011010 010011010 
001011011 010011011 
001011100 010011100 
001011101 010011101 
001011110 010011110 
001011111 010011111 
001100000 010100000 
001100001 010100001 
001100010 010100010 
001100011 010100011 
001100100 010100100 
001100101 010100101 
001100110 010100110 
001100111 010100111 
001101000 010101000 
001101001 010101001 
001101010 010101010 
001101011 010101011 
001101100 010101100 
001101101 010101101 
001101110 010101110 
001101111 010101111 
001110000 010110000 
001110001 010110001 
001110010 010110010 
001110011 010110011 
001110100 010110100 
001110101 010110101 
001110110 010110110 
001110111 010110111 
001111000 010111000 
001111001 010111001 
001111010 010111010 
001111011 010111011 
001111100 010111100 
001111101 0.10111101 
001111110 010111110 
001111111 010111111 
101000000 110000000 
101000001 110000001 
101000010 110000010 
101000011 110000011 
101000100 110000100 
101000101 110000101 
101000110 110000110 
101000111 110000111 
101001000 110001000 
101001001 110001001 
101001010 110001010 
101001011 110001011 
101001100 110001100 
101001101 110001101 
101001110 110001110 
101001111 110001111 
101010000 110010000 
101010001 110010001 
101010010 110010010 
101010011 110010011 
101010100 110010100 
10101CH01 110010101 
101010110 110010110 
101010111 110010111 
101011000 110011000 
101011001 110011001 

Any key down (pin 5), positive output 
Pulse data ready 
Internal resistor to VDD on shift & control pins 
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Shilt/Control 
011000000 
011000001 
011000010 
011000011 
011000100 
011000101 
011000110 
011000111 
011001000 
011001001 
011001010 
011001011 
011001100 
011001101 
011001110 
011001111 
011010000 
011010001 
011010010 
011010011 
011010100 
011010101 
011010110 
011010111 
011011000 
011011001 
011011010 
011011011 
011011100 
011011101 
011011110 
011011111 
011100000 
011100001 
011100010 
011100011 
011100100 
011100101 
011100110 
011100111 
011101000 
011101001 
011101010 
011101011 
011101100 
011101101 
011101110 
011101111 
011110000 
011110001 
011110010 
011110011 
011110100 
011110101 
011110110 
011110111 
011111000 
011111001 
011111010 
011111011 
011111100 
011111101 
011111110 
011111111 I 
111000000 
111000001 
111000010 
111000011 
111000100 
111000101 
111000110 
111000111 
111001000 
111001001 
111001010 
111001011 
111001100 
111001101 
111001110 
111001111 
111010000 
111010001 
111010010 
111010011 
111010100 
111010101 
111010110 
111010111 
111011000 
111011001 



DESCRIPTION 

The KR 3600 PRO is a MOS/LSI device intended to simplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 
while providing either a 2-key or N-key rollover. 

The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
field programming. 

The code in the KR 3600 is shown in Table I. The format 
is simple: output bits. 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through XOY1, XOY2 ... X8Y9. Bit 9 is the LSB; bit 1 is 
theMSB. 

FIGURE 1 
KR 3600 PRO TYPICAL APPLICATION 
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Bits 2 and 3 indicate the mode as follows: 
Bit 2 Bit3 

0 0 
0 1 
1 0 
1 1 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 
Figure 1 shows a PROM-encoded 64 key, 4 mode applica
tion, using a256x8 PROM, and Figure2afull90key,4mode 
application, utilizing a 512x8 PROM. 
If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as shown. 
This prevents "phantom" key closures from resulting if 
three or more keys are depressed simultaneously. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devicE 3 described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any 'ime in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION/ 

f 

KR9600 
KR9601 
KR9602 

Keyboard Encoder Read Only Memory 
KEM 

FEATURES PIN CONFIGURATION 

D On-chip "caps" lock (KR9601, KR9602) 
D On-chip auto repeat (KR9601, KR9602) 
D Contact bounce protection FUNCTION KR9600/KR9601 

D N Key Rollover or Lockout operation OPTION { see "pio 1 40 XO 
D Hysteresis on keyboard matrix inputs OPTION assignment 2 39 x1 

D Tri-state TTL compatible data outputs OPTION chart" 3 38 x2 

D Serial output (on KR9602 only) OPTION 4 37 x3 
OPTION 5 36 x4 

D Quad Mode (Normal, shift, control, OPTION (89 on KR9600) 6 35 x5 
shift-control) data output 88 7 34 x6 

D High frequency clock input data output 87 8 33 x7 
D Pin-compatible with KR3600 (KR9600) data output 86 9 32 xB 

D Static charge protection on all inputs data output 85 10 31 delay node 

and outputs data output 84 11 30 Vee 

D + 5 volt supply 
data output 83 12 29 shift input 
'.fata output 82 13 28 control input 
data output 81 14 27 caps lock (NC on KR9600) 

EXTERNALLY SELECTABLE Gnd 15 26 y9 

OPTIONS ON KR9600 AND KR9601 data ready 16 25 yB 
yo 17 24 y7 

D Pulse or level data ready output signal y1 18 23 y6 
D External clock input y2 19 22 y5 

D On chip master/slave oscillator y3 20 21 y4 

D All 1 O output bits available 
D Lockout/Rollover external selection 
D Chip enable external selection 
D Data complement control FUNCTION KR9602-XX 

D Any Key Down output X3 1 28 X4 
D Selectable Auto-Repeat rate X2 2 27 X5 

D Programmable Auto-Repeat rate X1 3 26 X6 
XO 4 25 X7 
Scan clock 5 24 X8 
Serial clock 6 23 Delay node 
Gnd 7 22 Vee 
Serial output 8 21 Shift 
yo 9 20 Control 
y1 10 19 Caps Lock 
y2 11 18 y9 
y3 12 17 y8 
y4 13 16 y7 
y5 14 15 y6 

GENERAL DESCRIPTION 

The KR9600/1 /2 is a keyboard encoder that contains all the 
logic necessary to debounce and encode SPST key
switches into a fully decoded data output of up to 1 O bits. 
The KR9600/1/2 contains a 3600 bit ROM, 9 stage and 10 
stage ring counters, a 1 O bit comparator, timing circuitry, a 
90 bit memory to store the location of encoded keys for N 
key rollover operation, an externally controllable delay net-

work for eliminating the effect of contact bounce, an output 
data buffer and TTL compatible output drivers. 

539 

The KR9600 and the KR9601 provide a parallel data output 
in a 40 pin configuration with pin selectable options, while 
the KR9602 provides a serial asynchronous output in a 28 
pin configuration with mask programmable options. (Ref. 
KR9600/1/2 custom coding information sheet). 
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DESCRIPTION OF PIN FUNCTIONS 
KR9600 KR9601 KR9602 

NAME SYMBOL PIN# 

XOUTPUTS xo-x0 40-32 

YINPUTS YO-Y9 17-26 

EXTERNAL CLOCK ... 1 (see note) 

SERIAL CLOCK ... ... 
DATA OUTPUTS B8-B1 7-14 

DATA READY DR 16 

DELAY NODE 
INPUT DELAY 31 

SHIFT INPUT SHIFT 29 

CONTROL INPUT CNTRL 28 

see CAPS LOCK CAPS note 

POWER SUPPLY Vee 30 
GROUND Gnd 15 

OPTION PINS see 
note 

Note: Caps Lock and Auto-Repeat are not available on KR9600. 
See option selection table for pin assignment. 

DESCRIPTION OF OPERATION 
The main clocks for the KR9600 and KR9601 are derived 
from either an external clock source or the Internal oscil
lator. The KR9602 requires an external clock. The exter
nal clock is routed to a divider with a mask programmable 
division rate from 1 to 63 to generate the internal clock. 
The keys are scanned in a nine output by ten input matrix, 
each key having a unique input-output combination con
nected to it. The inputs all go selectively to a level detec
tor which has logically variable (1 's and O's) levels and 
hysteresis. The outputs are enabled one at a time from 
output XO towards X8, at a rate of 10-1 OOKHz, through a 
9 stage ring counter. The 10 inputs are searched one at 
a time from YO to Y9, through a 10 stage ring counter, 
each time one of the outputs is enabled. The output and 
input pins all have pullups to Vee and are precharged each 
clock even if the scan is stopped at one key. When a level 
on the selected path to the comparator matches a level 
on the corresponding comparator input from the 1 O stage 
ring counter and the key has not been encoded, the switch 
bounce delay network is enabled. The key down stroke 
is examined, without advance to the next key location, 
until the key has been stable for the length of the DELAY 
CAP pin to discharge. The code for the depressed key is 
transferred to the output data buffer and the data ready 
signal appears. . 

PIN# PIN# FUNCTION 
External outputs from the 9-stage ring 

40-32 4-1 counter to the keyboard to form X-Y 
28-24 matrix with the keyboard switches as 

the cross_Q_oints. 

17-26 9-18 External inputs from the keyboard X-Y 
matrix. 

1 5 External clock input. 

... 6 Serial output Baud rate clock, for 
KR9602. 

7-14 8 
Data outputs B 1-B8. Parallel outputs 
for the KR9600/9601, serial output for 
the KR9602. 
This output, which can be a level or a 

16 N/A pulse, signals that a key closure has 
been detected and that data is 
available at the output port. 
Externally controllable delay network 

31 23 for eliminating the effect of switch 
contact bounce. 

29 21 This input is used to select the shift 
mode data. 
This input is used to select the control 

28 20 mode data. Simultaneous assertion of 
shift and control inputs will place the 
encoder into the shift-control mode. 

27 19 
This input "ANDed" with bit B9 of the 
ROM will cause a mode shift. See 
'.'.grcmramming options". 

30 22 + 5V _e.ower s~ 
15 7 Ground. 

1-6 N/A See option selection table for pin 
ass.!.g_nment. 

The scan has two modes as determined by the LOckout/ 
Rollover option. Once a key is determined to be down the 
scan will not advance if in the LOckout mode. Conse
quently a new key closure is not detected until the pre
viously depressed key is released. The scan sequence 
will resume upon key release and the output data buffer 
stores the code of the last key encoded. In the Rollover 
mode a "1" is stored in the encoded key memory and the 
scan sequence is resumed and the code for the last 
encoded key remains in the data output buffer. Each 
depressed key is encoded regardless of the state of the 
previously depressed keys. The internal keyboard ROM 
is 10 bits wide. Bits 1-8 are output via data outputs B1-
B8. Bits 9 and 1 O may be output as data and/or utilized 
respectively for Caps-lock and Auto-repeat select. This 
allows mask programmable selection of which keys will 
have caps-lock and auto-repeat. When selected, the auto 
repeat will commence with a "long" delay after key 
depression followed by "short" delays. The duration of 
the delays varying with the clock frequency and the state 
of the ARD, ARO, and AR1 signals. 

A Chip Enable input is available to enable the parallel 
output buffer. Data Ready can be put in the high-imped
ance state with Chip Enable (CE) or can be open drain 
as a mask programmable option to facilitate wire-oring 
as an interrupt. 
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In the serial output version of KR9602, when a key is 
debounced and then called valid, the serial shift register 
is loaded with the data (8 bits B1-B8) from the ROM, the 
data from the parity generator, and the data from the start 
and stop bits generator. Bits B9 and B10 are internally 
used respectively for Caps-lock and Auto-repeat select. 
The data register is then allowed to shift data out at the 
rate of one bit per 16 clocks of the baud rate clock pin, on 
the negative edge of that clock. If the baud rate clock is 
too slow with respect to the internal clock, and the key
board were allowed to continue scanning when the data 
register is loaded, then new data could be loaded on top 
of shifting-out data. 

To avoid this; if a new key is depressed before the pre
vious data is fully shifted out of the device, including the 
stop bits, the delay cap will be allowed to decay but the 
internal logic will delay its effect until the shift out of the 
previous data is completed. If the new key is released 
before the end of the extended delay time it will not be 
encoded. 

OPTION SELECTION TABLE 
Since the selected coding of each key and all the options 
are defined during the manufacture of the chip, the cod
ing and options can be changed to fit any particular 
application of the keyboard. Up to 360 codes of up to ten 
bits can be programmed into the KR9600/KR9601 ROM 
covering most popular codes such as ASCII, EBCDIC, 
SELECTRIC etc. as well as many specialized codes.* 

Pin Assignment for KR9600/KR9601 
The chip pins from pin #1 thru pin #6 are optionally con
nected to differing logic functions. Many of the functions 
are available on more than one pin. 

PROGRAMMING OPTIONS 
The various options on the KR9600 and KR9601 are user 
selectable via externally programmable pins, butthey are 
fixed, internally mask programmed, for the KR9602. 

Oscillator: 
The main clocks are derived from either an external clock 
source or from the Internal oscillator. The resultant sig
nal is then routed to a divider with a mask programmable 
division rate from 2 to 63. If no division is required then 
the divider is bypassed. The external clock requires one 
pin (pin #1), while the Internal oscillator needs three pins 
(pins #1, 2, 3) for frequency selection via an external 
resistor and capacitor: 

Lockout/Rollover: LO/RO 
This option selects the operation of the key scan when a 
new key is detected. In Lockout the scan stops as long 
as the key is down. In Rollover the scan stops till the new 
key is debounced by the DELAY CAP and the key code 
is output. Then the key position is marked as down and 
the scan continues until another new key is seen. The 
option is selected either by an external pin or internally 
mask programmed, fixed in either state. The external 
LOckout selection is optionally hi or low active. A pull
down resistor to ground is optional. 

Complement Control: CC 
This option inverts the logic true state of the DATA OUT-

PIN FUNCTION in ut unless noted 
1 Ext clock (opt. internal divisor of 1-63)** 
1 Pin 1 of Internal oscillator. 
2 Pin 2 of Internal oscillator. 
2 Lo/Ro CC CE ARD** ARO** AR1 ** 
3 Pin 3 of Internal oscillator. 
3 Lo/Ro CC CE ARD** ARO** AR1 ** 
4 AKO output 
4 Lo/Ro CC CE ARD** ARO** AR1 ** 
5 AKO or B10 output 
5 Lo/Ro CC CE ARD** ARO** AR1 ** 
6 B9 or AKO** output 

Options Available for the KR9602: 
The following options can be obtained on the KR9602 
only with a mask program, and are not pin selectable: 

Lo/Ro, CC, AUTO-REPEAT, LONG 
DELAY, SHORT DELAY, 
CLOCK DIVISOR 1,2,4,8,16,32,63; PARITY, 
1 OR 2 STOP BITS. 

Legend 
CC = COMPLEMENT AKO = ANY KEY DOWN 

CONTROL CE = CHIP ENABLE 
Lo/Ro = LOCKOUT/ B10 = B10 (DATA) 

ROLLOVER OUTPUT 
B9 = B9 (DATA) OUTPUT 
INTERNAL CLOCK = SELF CONTAINED OSCILLATOR 

(Not available in KR9602) 
EXTERNAL CLOCK = EXTERNAL FREQUENCY 

SOURCE 
ARD = INITIAL AUTO-REPEAT DELAY 
ARO, AR1 = SECONDARY AUTO-REPEAT DELAY, OR 

NO AUTO-REPEAT WHEN BOTH ARE FALSE. 

*Contact local sales office for custom coding sheet. 
**Not available on the KR9600. 

PUTS and can optionally additionally i'nVert the logic true 
state of the DATA READY pin. The option can be inter
nally fixed as true or false where true will output a high 
logic level. When externally selected the option can be 
either input high or low active true. The pulldown to 
ground is optional. 

Data Ready: 
The data ready pin is optionally either a pulse or level 
upon an output state ready to transfer. This transfer 
occurs when a new key is encoded or when the current 
key is repeating via the repeat logic. This output is indi
vidually capable of being disabledvia CE or inverted via 
CC. To invert DATA READY is to have the pulse go logic 
low or the level fall to logic low active when the output is 
allowed to drive out of the chip. 

Any Key Down: AKO output 
The AKO output is an indicator to.tell that there is at least 
one key determined to be depressed. The output is 
optionally logic high or low true. The CE can be sepa
rately used to set the output in the high impedance mode. 
AKO will reset one full keyboard scan time after the last 
key is released. AKO cannot be inverted by CC (comple
ment control). 

Chip Enable: CE 
The chip enable option can be internally fixed to true or 
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can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins 81-81 O 
are always affected by Chip Enable (CE), optional for 
Data Ready and Any Key Down. A pulldown to ground is 
optional. 

Shift Control Lock: S C L 
These three pins determine what will be output in 
response to a new key being detected. The Caps Lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. All three pins have optional 
pulldown resistors to ground. The Lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the 89 output which is used to see if this 
key can be shifted (be it a control code or not) by modi
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed Lock follows this table: 

.L 89 s c Result 
F F F F N 
F F F T c 
F F T F s L =CAPS LOCK 
F F T T SC 89 = DATA OUTPUT 89 

N =NORMAL 
F T F F N S =SHIFT 
F T F T c C =CONTROL 
F T T F s SC = SHIFT and CONTROL 
F T T T SC 

T F F F N 
T F F T c 
T F T F s 
T F T T SC 

T T F F s Force N->S allow shift 
(iem->M) 

T T F T SC ForceC->SC shift of Control 
T T T F *SIN Opt Force S->N allow reverse 

(ie M-:>m) 
T T T T *SC/C Opt Force remove shift in 

SC->C Shift-Control 

*The mask programmable option for the removal of the shift is 
coded as either ON for all keys or OFF. Note that the 89 DATA 
output (and all the others) is the code of the second decode. Note 
that shift only occurs when both the lock is true and the unmodi-
tied code gives a 89 ROM output as true. 

Repeat: ARD ARO AR1 
When the Auto-repeat option is selected and a· key Is 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards if the key is still pressed. These delays 

Minimum Switch Closure: 

consist of a programmable number of scan frequency 
time clocks varying from 2to131071 clock times. 

This option is masked programmable and dependent on 
the programming of the data bit 1 O of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action should occur at all. 

There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 

TYPICAL INITIAL REPEAT DELAY COUNTS 
ARD = hi 80000 clock times 
ARD = low 40000 clock times 

The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation· 
completely. 

TYPICAL SECONDARY REPEAT COUNTS 
ARO AR 1 Count 
o o All Auto-Repeat Disabled 
0 1 6250 
1 0 3125 
1 1 1250 

Typical Example: 
One typical approach would be to mask program ARD 
for only one long delay value and mask ARO to ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and have the option of having one fixed short delay value. 

ROM Data: 
The actual programming data is in 10 bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 "X" outputs with 1 O "Y" 
inputs. The fourfunctions as previously defined are Con
trol, Shift, Normal, and Shift-Cor:itrol. 

The use of the optional Lock requires the programming 
of the 89 data bit. The use of the optional Auto-Repeat 
requires the programming of the 810 data bit. If the 89 
or 810 outputs are used then these will show the result 
of the contents of the "corrected" key function data bits. 
The "corrected" function is the possibly changed Nor
mal to Shift etc. etc. so that the output is that of the 'Shifted 
key code'. NOT that of the initial key code. 

T = Switch bounce + (90 x 1/f) + Strobe delay + Strobe width 

I I I I 
maximum determined determined minimum time 
expected by frequency by external required by 

of operation capacitance external circuitry 
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CONDITIONS: 
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X2 
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DataRP 
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The clock divider is 1 so that Clkl is "same as clock IN". 
A key is pressed down at XOYO but the delay cap has not timed out. 
Data Ready is high true and we have already had another key. 
DataRP =Data Ready as a Pulse DataRL =Data Ready as a Level 
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ELECTRICAL CHARACTERISTICS: KR9600, KR9601, KR9602 

MAXIMUM GUARANTEED RATINGS 

PARAMETER SYMBOL MIN TYP 
D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS · 
Low-level VIL 
Hi-level VIH 2.0 

YINPUTS 
Hi Level Vyih 2.5 
Lo Level Vy;1 

INPUT CURRENT 
Leakage IL 

Input with Pull-down resistor 
selected as option 75 
Y inputs IYIL -100 -400 

OUTPUT VOLTAGE LEVELS 
Low-level VOL 
High-level VoH 2.4 

X output voltage Vol 0.4 
VoH 2.0 4.0 

INPUT CAPACITANCE 
All inputs GIN 

POWER SUPPLY CURRENT Ice 20 

A.C. CHARACTERISTICS 
CLOCK FREQUENCY* FIN 0.01 

0.01 
Chip enable access time TcE 

SWITCH CHARACTERISTICS 
Min switch closure 

Contact closure resistance Zee 7 
Zco 1 x 10 

MAX UNIT COMMENTS 

0.8 v All inputs 
v except Y 

v Y input 
0.8 v Yinput 

10.0 µA All inputs except Y 
V;n = 5V 

220 µA V;n = 5V 
µA Vv1L = 1 volt 

Y inputs only 

0.4 v loL = 1.6mA 
v loH = 100 µA 

Except X outputs 
v 600 µA 

clock high 
loH = 10 µA 

10 pF Except Y inputs 
40 mA 

4 MHz KR9601/02 
0.1 MHz KR9600 

250 ns 

see timing 
diagram 

300 ohms 

NOTE: The KR9600 is a direct replacement for the KR3600. Please note that due to the logic level of the KR9600, when 
replacing the KR3600 in a N-Key rollover system where diodes are utilized, the polarity of the diodes must be 
reversed. 

*Divisor on KR9601/02 must be selected such that the resulting internal scan frequency is 10 KHz min to 100 KHz max. 
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KR9600-PRO DESCRIPTION 

The KR9600 PRO is a MOS/LSI device intended to sim
plify the interface of a microprocessor to a keyboard 
matrix. Like the other KR9600 parts, the KR9600 PRO 
contains all of the logic to de-bounce and encode key
switch closures, while providing either a 2-key or N-key 
rollover. 

The output of the KR9600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple field 
programming. 

The code in the KR9600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through XOY1, XOY2 ... X8Y9. Bit 9 is the LSB; bit 1 is the 
MSB. 

FIGURE 1 
KR9600 PRO TYPICAL APPLICATION 
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Bits 2 and 3 indicate the mode as follows: 
Bit2 Bit3 

0 0 
0 . 1 
1 0 
1 1 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 
Figure 1 shows a PROM-encoded 64 key, 4 mode appli
cation, using a 256 x 8 PROM, and Figure 2 a full 90 key, 
4 mode application utilizing a 512 x 8 PROM. 
If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as 
shown. This prevents "phantom" key closures from 
resulting if three or more keys are depressed 
simultaneously. 

FIGURE 2 
KR9600 PRO TYPICAL APPLICATION 
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TABLE 1 
KR9600-PRO. CODING SHEET AND OPTIONS 

Normal 
xv B-12345678 910 
00 000000000 
01 000000001 
02 000000010 
03 000000011 
04 000000100 
05 000000101 
06 000000110 
07 000000111 
08 000001000 
09 000001001 
10 000001010 
11 000001011 
12 000001100 
13 000001101 
14 000001110 
15 000001111 
16 000010000 
17 000010001 
18 000010010 
19 000010011 
20 000010100 
21 000010101 
22 000010110 
23 000010111 
24 000011000 
25 000011001 
26 000011010 
27 000011011 
28 000011100 
29 000011101 
30 000011110 
31 000011111 
32 000100000 
33 000100001 
34 000100010 
35 000100011 
36 000100100 
37 000100101 
38 000100110 
39 000100111 
40 000101000 
41 000101001 
42 000101010 
43 000101011 
44 000101100 
45 000101101 
46 000101110 
47 000101111 
48 000110000 
49 000110001 
50 000110010 
51 000110011 
52 000110100 
53 000110101 
54 000110110 
55 000110111 
56 000111000 
57 000111001 
58 000111010 
59 000111011 
60 000111100 
61 000111101 
62 000111110 
63 000111111 
64 100000000 
65 100000001 
66 100000010 
67 100000011 
68 100000100 
69 100000101 
70 100000110 
71 100000111 
72 100001000 
73 100001001 
74 100001010 
75 100001011 
76 100001100 
77 100001101 
78 100001110 
79 100001111 
80 100010000 
81 100010001 
82 100010010 
83 100010011 
84 100010100 
85 100010101 
86 100010110 
87 100010111 
88 100011000 
89 100011001 

OPTIONS: 
Internal Oscillator (Pins 1, 2, 3) 
Lockout/Rollover (Pin 4) 

Internal Resistor to GND 
Lockout is Logic 1 

Shift Control Shift/Control 
B-12345678 910 B-12345678 910 B-12345678 910 

001000000 010000000 011000000 
001000001 010000001 011000001 
001000010 010000010 011000010 
001000011 010000011 011000011 
001000100 010000100 011000100 
001000101 010000101 011000101 
001000110 010000110 011000110 
001000111 010000111 011000111 
001001000 010001000 011001000 
001001001 010001001 011001001 
001001010 010001010 011001010 
001001011 010001011 011001011 
001001100 010001100 011001100 
001001101 010001101 011001101 
001001110 010001110 011001110 
001001111 010001111 011001111 
001010000 010010000 011010000 
001010001 010010001 011010001 
001010010 010010010 011010010 
001010011 010010011 011010011 
001010100 010010100 011010100 
001010101 010010101 011010101 
001010110 010010110 011010110 
001010111 010010111 011010111 
001011000 010011000 011011000 
001011001 010011001 011011001 
001011010 010011010 011011010 
001011011 010011011 011011011 
001011100 010011100 011011100 
001011101 010011101 011011101 
001011110 010011110 011011110 
001011111 010011111 011011111 
001100000 010100000 011100000 
001100001 010100001 011100001 
001100010 010100010 011100010 
001100011 010100011 011100011 
001100100 010100100 011100100 
001100101 010100101 011100101 
001100110 010100110 011100110 
001100111 010100111 011100111 
001101000 010101000 011101000 
001101001 010101001 011101001 
001101013 010101010 011101010 
001101011 010101011 011101011 
001101100 010101100 011101100 
001101101 010101101 011101101 
001101110 010101110 011101110 
001101111 010101111 011101111 
001110000 010110000 01.1110000 
001110001 010110001 011110001 
001110010 010110010 011110010 
001110011 010110011 011110011 
001110100 010110100 011110100 
001110101 010110101 011110101 
001110110 010110110 011110110 
001110111 010110111 011110111 
001111000 010111000 011111000 
001111001 010111001 011111001 
001111010 010111010 011111010 
001111011 010111011 011111011 
001111100 010111100 011111100 
001111101 010111101 011111101 
001111110 010111110 011111110 
001111111 010111111 011111111 
101000000 110000000 111000000 
101000001 110000001 111000001 
101000010 110000010 111000010 
101000011 110000011 111000011 
101000100 110000100 111000100 
101000101 110000101 111000101 
101000110 110000110 111000110 
101000111 110000111 111000111 
101001000 110001000 111001000 
101001001 110001001 111001001 
101001010 110001010 111001010 
101001011 110001011 111001011 
101001100 110001100 111001100 
101001101 110001101 111001101 
101001110 110001110 111001110 
101001111 110001111 111001111 
101010000 110010000 111010000 
101010001 110010001 111010001 
101010010 110010010 111010010 
101010011 110010011 111010011 
101010100 110010100 111010100 
101010·101 110010101 111010101 
101010110 110010110 111010110 
101010111 110010111 111010111 
101011000 110011000 111011000 
101011001 110011001 111011001 

Pulse Data Ready 
Any Key Down (Pin 5) Positive Output 

Internal Resistor to GND on Shift 
and Control Pins 
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CODING FOR KR9601 AND KR9602 STD 

Normal Shill 
xv 8·12345678 910 8·12345678 910 
00 00000001 00 01010101 00 
01 00000010 01 0101011001 
02 00000011 01 01010111 01 
03 00000100 01 01011000 01 
04 00000101 01 01011001 01 
05 00000110 01 0101101001 
06 00000111 01 01011011 01 
07 00001000 01 01011100 01 
OB 00001000 01 01011100 01 
09 00001001 01 01011101 01 
10 00001010 01 0101111001 
11 00001011 01 01011111 01 
12 00001100 01 01100000 01 
13 00001100 01 01100000 01 
14 00001101 01 01100001 01 
15 0000111001 0110001001 
16 00001111 01 01100011 01 
17 00010000 01 01100100 01 
16 00010001 01 01100101 01 
19 00010010 01 0110011001 
20 0001001111 0110011111 
21 0001010011 0110100011 
22 0001010111 0110100111 
23 0001011011 0110101011 
24 00010111 11 0110101111 
25 00011000 11 0110110011 
26 0001100111 0110110111 
27 0001101011 0110111011 
26 0001101111 0110111111 
29 0001110011 01110000 11 
30 00011101 01 0111000101 
31 0001111001 0111001001 
32 00011111 01 01110011 01 
33 00011111 01 0111001101 
34 00100000 01 0111010001 
35 00100001 01 01110101 01 
36 0010001001 0111011001 
37 00100011 01 01110111 01 
38 00100100 01 01111000 01 
39 00100101 01 01111001 01 
40 0010011011 0111101011 
41 0010011111 0111101111 
42 0010100011 0111110011 
43 0010100111 0111110111 
44 0010101011 0111111011 
45 0010101111 0111111111 
46 0010110011 10000000 11 
47 0010110111 1000000111 
46 0010111011 1000001011 
49 0010111011 1000001011 
50 00101111 01 10000011 01 
51 00110000 01 10000100 01 
52 00110001 01 10000101 01 
53 00110001 01 10000101 01 
54 0011001001 1000011001 
55 00110011 01 1000011101 
56 00110100 01 1000100001 
57 00110101 00 10001001 00 
56 0011011001 10001010 01 
59 00110111 01 10001011 01 
60 0011100011 10001100 11 
61 0011100111 1000110111 
62 0011101011 1000111011 
63 0011101111 1000111111 
64 0011110011 1001000011 
65 0011110111 1001000111 
66 0011111011 1001001011 
67 0011111111 1001001111 
66 0011111111 1001001111 
69 0011111111 1001001111 
70 01000000 01 1001010001 
71 01000001 01 10010101 01 
72 01000010 01 10010110 01 
73 01000011 01 10010111 01 
74 0100010001 1001100001 
75 01000101 01 1001100101 
76 0100011001 10011010 01 
77 01000111 01 10011011 01 
78 01001000 01 10011100 01 
79 01001001 01 10011101 01 
80 0100101001 1001111001 
61 01001011 01 10011111 01 
62 0100110001 1010000001 
83 01001101 01 10100001 01 
84 0100111001 1010001001 
65 0100111101 10100011 01 
86 01010000 01 1010010001 
67 01010001 01 10100101 01 
88 0101001001 10100110 01 
89 01010011 01 10100111 01 

OPTIONS FOR THE KR9601-STD: 
PINS 1, 2, 3 INTERNAL OSCILLATOR [Input clock divisor = 1] 
PIN 4 CE [Active Low] 
PIN 5 AR 1 [ARO fixed at Lo = OJ 

[FIXED LONG DELAY OF 40000 CLOCK TIMES] 
[FIXED SHORT DELAY OF 6250 CLOCK TIMES] 

PIN 6 AKO [positive true] 
Pulsed DATA READY signal 
N-KEY ROLLOVER 
Pull-down resistor to ground at the following pins: 

_SHIFT 
_CONTROL 
_CAPS-LOCK 
_ARO 
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Control ShlftlControl 
8·12345678 910 8·12345678 910 

10101001 00 10101001 00 
1010101001 1010101001 
10101011 01 10101011 01 
10101100 01 1010110001 
10101101 01 10101101 01 
1010111001 1010111001 
10101111 01 1010111101 
10110000 01 1011000001 
10110000 01 10110000 01 
1011000101 10110001 01 
10110010 01 1011001001 
10110011 01 1011001101 
10110100 01 1011010001 
10110100 01 1011010001 
10110101 01 10110101 01 
1011011001 1011011001 
1011011101 10110111 01 
1011100001 10111000 01 
10111001 01 1011100101 
1011101001 1011101001 
1011101111 1011101111 
1011110011 1011110011 
1011110111 1011110111 
1011111011 1011111011 
1011111111 1011111111 
11000000 11 1100000011 
1100000111 11000001 11 
1100001011 1100001011 
1100001111 1100001111 
1100010011 11000100 11 
11000101 01 11000101 01 
1100011001 11000110 01 
11000111 01 11000111 01 
11000111 01 11000111 01 
11001000 01 1100100001 
1100100101 11001001 01 
1100101001 1100101001 
1100101101 11001011 01 
1100110001 11001100 01 
11001101 01 11001101 01 
1100111011 1100111011 
1100111111 1100111111 
1101000011 1101000011 
1101000111 1101000111 
1101001011 1101001011 
1101001111 1101001111 
1101010011 1101010011 
1101010111 1101010111 
1101011011 1101011011 
1101011011 1101011011 
11010111 01 11010111 01 
1101100001 1101100001 
11011001 01 11011001 01 
11011001 01 11011001 01 
1101101001 1101101001 
11011011 01 11011011 01 
1101110001 1101110001 
11011101 00 11011101 00 
1101111001 11011110 01 
11011111 01 11011111 01 
1110000011 11100000 11 
1110000111 1110000111 
1110001011 1110001011 
1110001111 1110001111 
1110010011 1110010011 
1110010111 1110010111 
1110011011 1110011011 
1110011111 1110011111 
1110011111 1110011111 
1110011111 1110011111 
11101000 01 11101000 01 
11101001 01 11101001 01 
11101010 01 1110101001 
11101011 01 11101011 01 
1110110001 1110110001 
11101101 01 11101101 01 
1110111001 11101110 01 
1110111101 11101111 01 
11110000 01 11110000 01 
11110001 01 11110001 01 
1111001001 1111001001 
11110011 01 11110011 01 
1111010001 11110100 01 
11110101 01 11110101 01 
1111011001 11110110 01 
11110111 01 11110111 01 
1111000001 1111100001 
11110001 01 11111001 01 
1111101001 1111101001 
11111011 01 11111011 01 

OPTIONS FOR THE KR9602-STD: 
N-KEY ROLLOVER 

AUTO-REPEAT 
(FIXED LONG DELAY OF 40000 CLOCK TIMES) 
(FIXED SHORT DELAY OF 6250 CLOCK TIMES) 

1 STOP bit. 

No PARITY bit. 

Input clock divisor of 63 

Pull-down resistor to ground at the following pins: 
-SHIFT 
-CONTROL 
-CAPS-LOCK 
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STANDARD MICROSYSTEMS 
CORPORATION, SR5015-XXX 

SR 5015-80 
SR 5015-81 
SR 5015-133 

Quad Static Shift Register 

FEATURES 
D COPLAMOS® N Channel Silicon Gate 

Technology 
D Variable Length-Single Mask 

Programmable-1 to 134 bits 
D Directly TTL-compatible on all inputs, 

outputs, and clock 
D Clear function 
D Operation guaranteed from DC to 1.0 MHz 
D Recirculate logic on-chip 
D Single +5.0V power supply 
D Low clock input capacitance 
D 16 pin ceramic DIP Package 
D Pin for Pin replacement for AMI S2182, 83, 85 

APPLICATIONS 
D Memory Buffering 
D Unique Buffering Lengths 
D Terminals 

BLOCK DIAGRAM 

OUTPUT A OUTPUT C 

OUTPUT B 

PIN CONFIGURATION 

INPUT A OUTPUT A 

RECASC RID· 

CLEAR OUTPUTD 

INPUTS INPUTD 

OUTPUTS RECD 

GND NC 

Vee INPUTC 

OUTPUTC CLOCK 

I-----<- RECIRC. INPUT D 

'--.t--1..----<._ REC. CONTROL D 

CLOCK CLEAR 
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General Description 

The SMC SR 5015-XXX is a quad static shift register family fabricated using SMC's COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 volt 
power supply operation. 

These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS or T2L 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 

Th.e recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. 

A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vee. A single T2L clock is 
required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 and 133 are available for flag storage. 

This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 

Special custom configurations are achieved via single mask programming in lengths of 1to134 bits. 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................................ 0°C to + 70°C 
Storage Temperature Range ............................................................... :..... 55°C to + 150°C 
Lead Temperature (soldering, 1 O sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ...................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground ..................................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vee= +5V±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, V1L 0.8 v 
High Level, V1H Vcc-1.5 Vee v 

OUTPUT VOLTAGE LEVELS 
Low Level, VoL 0.4 v loL=1.6ma 
High Level, VoH Vcc-1.5 4.0 v loH=100µ.a 

INPUT LEAKAGE CURRENT 1.0 µ.a V1N=Vcc 
CLOCK, CLEAR 25 pf 
All Other 10 pf 

POWER SUPPLY CURRENT 80 ma 

A.C. Characteristics TA=+25°C 
CLOCK 

PWH 300 ns 
PWL 600 ns 
Transition, tr, t1 0.02 1.0 µ.s 
Repetition Rate, 1/T 0 1.0 MHz 
toelay 300 ns 

INPUT DATA 
to, set-up 100 ns 
to, hold 200 ns 
PWo 300 ns 

OUTPUT DATA 
to,ACC 200 350 ns 

RECIRCULATE CONTROL 
tR, set-up 200 ns 
tR,hOld 300 ns 
PWR 500 ns 

CLEAR 
PW CLEAR 20 µ.s 
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Pin No. Symbol 

A 

2 RECABC 

3 CLR 

4 B 
5 Os 
6 GND 
7 Vee 

8 Oc 
9 CLK 

10 c 
11 NC 
12 RECD 

13 D 
14 06 
15 RID 

16 OA 

TIMING DIAGRAMS 

Clock 

I PW~ I : 
PWo 

to, set-up -ri::f1-. to, hold 

Input Data---------~'------;----------

Output Data 

Recirculate 
Control 

to.ACC• 

IJ~-

~ 
tR set-up '1-J:j__J-- tR hold 

PWR 

PW clear 

Clear~··· 

Description of Pin Functions 

Name Function 

Input A Input signal which is either high or low depending on what 
word is to be loaded into shift register. 

Recirculate ABC Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 

Clear Input signal when high forces outputs to a low state 
immediately and clears all the registers. 

Inputs Input signal for B register. 
Outputs Output signal for B register. 
GND Power supply Ground. 
+5Volt 5 volt power supply. 
OutputC Output signal for C register. 
Clock Input Input signal which is normally low and pulses high to 

shift data into the registers. The data is clocked in on 
low to high edge of clock. 

lnputC Input signal for C register. 
NC 
Recirculate Input signal which is normally low and, when goes high, 
Control D disconnects Input D to register and connects 

Recirculate Input D to register. 
Input D Input signal for D register. 
Output D Output signal for D register. 
Recirculate Input signal which is the input to the D register 
lnputD when Recirculate Control Dis high: RECD= 1. 
Output A Output signal for A register. 
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APPLICATIONS 
Line Buffer for CRT Display . .. 80 Characters per line. 

PAGE 
MEMORY 

CURSOR 
MEMORY 

Di 

D. 

D, 

D. 

De 

CLK 

SR5015·BO 

SR5015·BO 

CLK 

RECIRCULATE 
DECODER 

Video Clock 

SMC 
CG5004L-1 

A 8 C D 

SCAN 
COUNTER 

End of Line Clock 

so Serial Data Output 

To Monitor Electronics 

Line Buffer for Matrix Printer ... 132 Characters per line. 

INTERFACE 
OR 

D, 

D, 

Di 

D. 

CLK 

SR5015-133 

CHARACTER 
GENERATOR 

ROM(s) 
SMC CG4100 

SERIES 

To Print Head 

Solenoid Drivers 

MEMORY ~D~'--1-1---r------, 

35M.YcusBlvd.Ha.waugeNV11788 
(516l27J·3100 TWX-510·:?27·8898 

D, 

D1 

De 

REC 

1---+----~ End of Line 

SR5015-133 

CLK 

From System Timing 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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SR 5017 
SR 5018 

Quad Static Shift Right/Shift Left Shift Register 
Last In First Out Buffer 

LIFO 
FEATURES 
D COMPLAMOS® N-Channel Silicon 

Gate Technology. 
D Quad 81 bit or Quad 133 bit 
D Directly Compatible with T2L, MOS 
D Operation Guaranteed from DC to 

1.0MHz 
D Recirculate logic on-chip 
D Single + 5.0V power supply 
D Low clock input capacitance 
D Single phase clock at T2L levels 
D Clear function 
D 16-pin Ceramic DIP Package 

APPLICATIONS 
D Bi-Directional Printer 
D Computers-Push Down 

Stack-LIFO 
D Buffer data storage-memory buffer 
D Delay lines-delay line processing 
D Digital filtering 

PIN CONFIGURATION 

INPUTD 

RID 

OUTPUTD 

CLEAR 

OUTPUT A 

UR CON 

INPUT A 

CLOCK 

D Telemetry Systems 
D Terminals 
D Peripheral Equipment 

RECD 

GND 

OUTPUTC 

INPUTC 

INPUTS 

OUTPUTS 

RECASC 

Vee 

BLOCK DIAGRAM 
OUTPUT A 
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General Description 

The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81(SR5018) bit static shift registers utilizing SMC's 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 

These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS to T2L 
circuits. 

This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (UR Control) control input is common to all 
registers. 

The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vee. A single T2L clock 
input is required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 or 133 are available for flag storage. 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... 0°C to + 70°C 
Storage Temperature Range ............................................................... -55°C to+ 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ..................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=+qV±5%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, V1L 0.8 v 
High Level, V1H Vcc-1.5 Vee v 

OUTPUT VOLTAGE LEVELS 
Low Level, VoL 0.4 v loL=1.6ma 
High Level, VoH Vcc-1.5 4.0 v IOH=100µa 

INPUT LEAKAGE CURRENT 1.0 µa V1N=Vcc 
CLOCK, CLEAR 25 pf 
All Other 10 pf 

POWER SUPPLY CURRENT 100 ma 

A.C. Characteristics TA=+25°C 
CLOCK 

PWH 300 ns 
PWL 600 ns. 
Transition, tr, t1 0.02 1.0 µs 
Repetition Rate, 1/T 0 1.0 MHz 
toelay 500 ns 

INPUT DATA 
to, set-up 150 ns 
to, hold 150 ns 
PWo 300 ns 

OUTPUT DATA 
to,ACC 200 350 ns 

RECIRCULATE CONTROL 
tR, set-up 200 ns 
tR, hold 300 ns 
PWR 500 ns 

CLEAR 
PW CLEAR 20 µs 
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Symbol 

D 
RID 

Oo 
CLR 

OA 

UR CON 

A 

CLK 

Vee 
RECABC 

Oe 

B 
c 
Oe 
GND 
RECD 

Timing Diagram 

T 

Clock 

Input Data-------' 

Output Data _________ _,, 

Recirculate 
Control ~ 

tR set-up "1-....tj_J-- tR hold 

PWR 

N clocks ' 

Clock~·~ 
soons ~I I soonssoo ~I 1 

soons ~ nsi--M-T 
Shift Left/Shift Right L- - - - -- Do Not Do Not - - - - - - - -
Control Change N Shifts··· . Change 

Control Control 
R----- •.-Sh-if-t o-cc__,urso;:;"t~ pcsiiiv'-e-cl-oc-k-ed-'g'e-.-----

PW clear .1 
Clear~··· 

Description of Pin Functions 

Name Pin Function 

Input D 1 Input signal for D register. 
Recirculate 2 Input signal which is the input to the D register when recirculate 
Input D control Dis high: RECD = 1. 
Output D 3 Output signal for D register. 
Clear 4 Input signal when high forces outputs to a low state immediately 

and clears all the registers. 
Output A 5 Output signal for A register. 
Shift Left/Shift 6 Input signal which is low for loading data and for shifting right. 
Right Control When UR CON is high, the register will shift left. 
Input A 7 Input signal which is either high or low depending on what word 

is to be loaded into shift register. 
Clock Input 8 Input signal which is normally low and pulses high to shift data 

into the registers. The data is clocked in on low to high 
edge of clock. 

5Volt 9 5 volt power supply. 
Recirculate 10 Input signal when high disconnects inputs from registers and 
ABC connects outputs to inputs, thus recirculating data. Recirculates 

only A, 8, C outputs. 
Outputs 11 Output signal for B register. 
Inputs 12 Input signal for B register. 
lnputC 13 Input signal for C register. 
OutputC 14 Output signal for C register. 
GND 15 Ground. 
Recirculate 16 Input signal which is normally low and, when goes high, 
Control D disconnects Input D to register and connects RECIRCULATE 

INPUT D to register. 
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Logic Diagram 

APPLICATION 

Line Buffer for Bidirectional Matrix Printer ... 80/132 characters per line 
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~ To Print Head 
Solenoid Drivers 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION~'iiiiiiiiiii 

MPU 800 
MPU 800-1 
MPU 800-4 

PRELIMINARY 

High-Performance 
Low-Power Microprocessor 

FEATURES PIN CONFIGURATION 

D Variable Power Supply: 2.4V - 6.0V 
D Fully Compatible Wth Z80® Instruction Set 
0 Pin-Compatible With NSC800 AB 1• 40 Vee 

D Powerful Set of 158 Instructions A9 2 39 'l5'S 
A10 3 38 w.m D 1 O Addressing Modes A11 4 37 RESET OUT 

D 22 Internal Registers A12 5 36 ~ 

D Low Power: 50 mW at 5 V Vee A13 6 35 "SACK 
A14 7 34 10/M 

D Multiplexed Bus Structure A15 B 33 A"E"SrriN 
D On Chip Bus Controller and Clock Generator CLK 9 32 Rn" 

XOUT 10 31 WR" D On-Chip 8 bit Dynamic RAM Refresh Circuitry XIN 11 30 ALE 

D Three Speed Versions: ADO 12 29 so 

MPUS00-4 4MHz 
AD1 13 28 R'FSH 
AD2 14 27 S1 

MPU800 2.5 MHz AD3 15 26 iNTA 

MPUS00-1 1 MHz AD4 16 25 iNTI1 
ADS 17 24 ~ D Capable of addressing 64 k bytes of memory, and ADS 18 23 1mTir 

256 1/0 devices AD7 19 22 ~ 

D Five interrupt request lines on-chip 
GND 20 21 fJ"JJi 

D Schmitt trigger input on reset 
D Power-Save Feature 

GENERAL DESCRIPTION 

The MPU800 is an 8 bit microprocessor that functions as 
the central processing unit (CPU) in Standard Microsys
tems MPU800 microcomputer family. Jhe device is fabri
cated in double-poly CMOS to combine high performance 
with the low-power of CMOS. 

Many system functions are incorporated on the device 

ZBO is a registered trademark of Zilog Corporation. 
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including: vectored priority interrupts, refresh control, 
power save, and interrupt acknowledge. 

Dedicated peripherals (MPU810 Ram 1/0 Timer, MPU830 
ROM 1/0 Timer, and (MPU831 1/0 Timer) have on-chip 
logic for direct interface to the MPU800. 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO NAME SYMBOL FUNCTION 

40 +5Volt Vee + 5 volt supply 

20 Ground GND Ground 
10 Crystal Out XOUT Crystal connection 

11 Crystal In XIN Crystal connection; XIN may be used as an external clock input 
Input/Output Signals 

12-19 Address/Data ADO-AD? MuJ.!!plexed Address/Data. Active high 
At RD Time: Input data to CPU. 
At WR Time: Output data from CPU. 
At Falling Edge 
of ALE Time: Least significant byte of address during memory 

reference cycle. 8-bit port address during 1/0 
During BREQ/ reference cycle. 
BACK Cycle: High impedance. 

Input Signals 

33 Reset In RESET IN Active low. Sets A (8-15) and AD (0-7) to TRI-STATE® (high impedance). 
Clears the contents of PC, I and R registers, disables interrupts, and 
causes a reset output to be activated. 

36 Bus Request BREQ Active low. Used when another device is requesting the system bus. 
BREQ is recognged at the end of the current machine cycle, then A(8-
15), AD(0-7), 10/M, RD, and WR are set to the high impedance mode and 
the request is acknowledged via the BACK output signal. 

21 Non-Maskable NMI Active low. The non-maskable interrupt, generated by the peripheral 
Interrupt device(s), is the highest priority interrupt request line. The interrupt is 

edge sensitive and only a pulse is required to set an internal flip-flop 
which generates the internal interrupt request. Since the NMI flip-flop is 

- monitored on the same clock edge as the other interrupts, it must also 
meet the minimum set-up time spec for the interrupt to be accepted in 
the current machine instruction. Once the interrupt is accepted the flip-
flop is reset automatically, Its execution is independent of the interrupt 
enable flip-flop. NMI execu~on involves saving the PC on the stack and 
automatic branching to restart address X'0066 in memory. 

22-4 Restart Interrupt ASTA, RSTB, Active low level sensitive. Restarts generated by the peripherals are rec-
A,B,C RSTC ognized at the end of the current instruction if their respective inter!:!!E! 

enable bits and master enable bit are set. Execution is identical to NMI 
except interrupts are enabled for the following restart addresses: 

Name Restart 
Address (X') 

NMI 0066 
ASTA 003C 
RSTB 0034 
RSTC 002C 
INTR(Mode 1) 0038 

The order of prior:!!YJ.s fixed (highest first) as follow~ 
1) NMI 2) ASTA 3) RSTB 4) RSTC 5)1NTR 

25 Interrupt Request INTR Active low level sensitive. An interrupt request input generated by a 
peripheral device is recognized at the end of the current instruction pro-
vided that the interrupt enable and master interrupt enable bits are set. 
INTR is the lowest priority interrupt request input. Under program con-
trol, INTR can be executed in three distinct modes in conjunction with 
the INTA output. 

38 Wait WAIT Active low. When set low during RD, WR or INTA machine cycles, the 
CPU extends its machine cycle in increments oft (wait) states. The wait 
machine cycle continues until the WAIT input returns high. 
The wait strobe ~twill be accepted only during machine cycles that 
have RD, WR or INTA strobes and during the machine cycle immediately 
after an interrupt has been accepted by the CPU. The later cycle has its 
RD strobe suppressed but it will still accept the wait. 

39 Power Save PS Active low. PS is sampled at the end of the current instruction cycle. 
When PS is low, the CPU stops executing at the end of current instruc-
tion and keeps itself in the low-power mode. Normal operation resumes 
when PS is returned high. 

I 
I 

TRI-STATE"' is a registered trademark of National Semiconductor Corporation. 
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PINNO NAME SYMBOL FUNCTION 

Output Signals 

35 Bus Acknowledge BACK Active low. BACK indicates to the bus requesting device that the CPU 
bus and its control signals are in the TRI-STATE mode. The requesting 
device may then take control of the bus and its control signals. 

1-8 Address Bits 8-15 A8-A15 Active high. These are the most significant 8 bits of the memory address 
during a memory instruction. During an 1/0 instruction, the port address 
on the lower 8 bits of address get duplicated onto these 8 bits. During a 
BREQ/BACK cycle, the A (8-15) bus is in the TRI-STATE mode. 

37 Reset Out RESET OUT Active high. When RESET OUT is high, it indicates the CPU is being 
reset. The signal is normally used to reset the peripheral devices. 

34 Input/Output/Memory 10/M An active high on the 10/M output signifies that the current m~hine 
cycle is relative to an input/output device. An active low on the 10/M out-
put signifies that the current machine cycle is relative to memory. It is 
TRI-STATE during BREQ/BACK cycles. 

28 Refresh RFSH Active low. The refresh output indicates that the dynamic RAM refresh 
cycle is in progress. RFSH goes low during T3 and T4 states of all M1 
cycles. During the refresh cycle, AD(0-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 

30 Address Latch Enable ALE ALE is active only during the T1 state of any M cycle and also T3 state of 
M1 cycles. The high to low transiUon of ALE indicates that a valid 
memory/1-0/refresh address is available on the AD(0-7) lines. 

32 Read Strobe RD Active low. On the trailing ~e of the RD strobe, data is input to the CPU 
via the AD(O-7) lines. The RD line is in the TRI-STATE mode during 
BREQ/BACK cycles. 

31 Write Strobe WR While the WR line is low, valid data is output by the CPU on the AD(0-7) 
lines. The WR line is in the TRI-STATE mode during BREQ/BACK cycles. 

9 Clock CLK CLK is an output provided for use as a system clock. The CLK output is a 
square wave at one half the input frequency. 

26 Interrupt Acknowledge INTA Active low. The interrupt acknowledge output is activated in the M 1 cycle 
(S) immediately following the t state in which the INTR input is recog-
nized. (Output is normally used to gate the interrupt response vector 
from the peripheral controller onto the AD(0-7) lines.) It is used in two of 
the three interrupt modes. In mode 0, an instruction is gated onto the AD 
(0-7) line during INTA. There will be from 1to4 INTA strobes issued for 
each mode O interrupt. The amount of INTA strobes issued is instruction 
dependent. In mode 2, a single interrupt response vecto~ated onto 
the data bus. In mode 1, INTA is not used. In this mode, INTR functions 
like the restart interrupts. 

29,27 Status so, S1 Bus status outputs indicate encoded information regarding the ensuing 
M cycle as follows: 

Machine Cycle 
Status Control 

so S1 10/M RD WR 
Opcode Fetch 1 1 0 0 1 
Memory Read 0 1 0 0 1 
Memory Write 1 0 0 1 0 
1/0 Read 0 1 1 0 1 
1/0 Write 1 0 1 1 0 
Halt* 0 0 0 0 1 
Internal Operation* 0 1 0 1 1 
Acknowledge of Int*• 1 1 0 1 1 

•ALE is not suppressed in this cycle. 

**This is the cycle that occurs immediately after the CPU accepts an interrupt 
(ASTA, RSTB, RSTC, INTR, NMI). 

Note 1: During halt, CPU contin.ues to do dummy opcode fetch from location fol-
lowing the halt instruction with a halt status. This is so CPU can continue to do its 
dynamic RAM refresh. 

Note 2: No early status is provided for interrupt or hardware restarts. 
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TIMING CONTROL 
All necessary timing signals are provided by a single state 
inverter oscillator contained on the MPU800 chip. The 
chip operation frequency is equal to one half of the fre
quency of this oscillator. The oscillator frequency can be 
controlled by one of the following methods: 

1. Leaving the XOUT pin unterminated and driving the 
XIN pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30%-70%, either high or low. 

2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Rec
ommended crystal is a parallel resonance AT cut crys
tal. 

Resistor capacitor feedback network described in earlier 
data sheets will not oscillate due to gain of internal inverter 
circuit. A modification of this circuit by adding two invert
ers in series between the RC network and XIN will work. 

The CPU has a minimum clock frequency input ( ® XIN) of 
32 kHz, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the part. You stop it in the phase of the clock 
that has XIN low and CLK OUT high. When restarting the 
CPU, precautions must be taken so that the input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 

f1N 
EXTERNAL 

CLOCK 
XIN 

XOUT 

a. 

drain will be 2mA. This current drain can be reduced by 
placing the CPU in a wait state during an opcode fetcb 
cycle then stopping the clock. 

FUNCTIONAL DESCRIPTION 

The MPU800 is an 8-bit general purpose microprocessor 
designed for stand-alone and OMA (direct memory 
access) applications. A minimum system can be con
structed with an MPU800, and MPU810 (RAMl/O Timer) 
and an 27C16 (EPROM). 

MPU800 uses a multiplexed bus for data and addresses. 
The 16-bit address bus is divided into a high-order 8-bit 
address bus that handles bits 8-15 of the address, and a 
low-order 8-bit mulitplexed address/data bus that handles 
bits 0-7 of the address and bits 0-7 of the data. Strobe out
puts from the MPU800 (ALE, RU and WR) indicate when a 
valid address or data is present on the bus. 10/M indicates 
whether the ensuing cycle accesses memory or 1/0. 

During an input or output instruction, the CPU duplicates 
the lower half of the address (AD(0-7)] onto the upper half 
(A(8-15)]. The eight bits of address will stay on A(8-15) for 
the entire machine cycle. 

Figure 2 illustrates the timing relationship for opcode fetch 
cycles with and without a wait state. Figure 3 illustrates the 
timing relationship for memory read and write cycles with 
and without a wait state. Input/output cycles with and with
out wait state are shown in Figure 4. One wait state is auto
matically inserted into each 1/0 instruction. 

CLK 

CLK 

~ 
2 

TUC/5171.13 

fi!filj 
2 

XIN XOUT 

XTAL 

a 

b. 

R=1M 

C1 =20 pF 

C2 = 34 pF 
(Recommended) 

FIGURE 1. Timing Control Configurations 
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CLK 

ALE 

AD(D-7) 

A(B-15) 

ID/M, SD, 51 ID/M=D, SD=1, 81 =1 

FIGURE 2a. Opcode Fetch Cycles without WAIT States 

-11--12--1w--1J--14-

FIGURE 2b. Opcode Fetch Cycles with WAIT States 
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FIGURE 3a. Memory Read/Write Cycles without WAIT States 

I 
I 

FIGURE 3b. Memory Read and Write with WAIT States 
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ALE 

A(B-15) 

AD(0-7) 

AD(0-7) OUT D(0-7) 

10/M. so. S1 - oRii 1Rii 
10/M =1, SO= 1 Wii' S1 =o Wii 

FIGURE 4a. Input and Output Cycles without WAIT States 

*WAIT state automatically inserted during 10 operation. 

FIGURE 4b. Input and Output Cycles with WAIT States 
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INITIALIZATION 

The MPUBOO and its peripheral comJ;!onents are initial
ized by RESET IN and RESET OUT. RESET IN input is 
associated with an on-chip Schmitt trigger that facilitates 
using an R-C network power-on reset scheme (Figure 5). 

To ensure proper power-up conditions for the NSC800, the 
following power-up and initialization procedure is recom
mended: 

1. Apply power (Vee and GND) and set RESET IN active 
(low). Allow sufficient time (approximately 100 ms if 
crystal used) for the oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t 
state (CLK) times. RESET OUT, following the clock sta
bilization period, responds by going high, indicating to 
the system that the MPUBOO is being reset. RESET 
OUT signal becomes available to reset the periph
erals. 

2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch cycle. 

NOTE: The MPU800 initialization includes: Clear PC to X'OOOO 
(the first opcode fetch, therefore, is from memory location 
X'OOOO). Clear registers I (Interrupt Vector Base) and R (Refresh 
Counter) to X'OO. Clear interrupt control register bits IEA, IEB 
and IEC. The interrupt control bit IEI is set to 1 to maintain 
INS8080A/Z80A compatibility (see INTERRUPTS for more 
details). Maskable interrupts are disabled and the CPU enters 
Interrupt Mode 0. While RESET IN is active (low), the A(S-15) and 
AD(0-7) lines go to high impedance (TRI-STATE) and all CPU 
strobes go to the inactive state. 

CLK 

BUS ACCESS CONTROL 

Figure 6 illustrates bus access control in the MPUBOO. The 
external device controller produces an active BREQ sig
nal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go to high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) the MPUBOO will not acknowledge any interrupt/restart 
requests, and will not perform any dynamic RAM refresh 
functions until after BREQ input signal is inactive high. (3) 
BREQ signal has priority over all interrupt request signals, 
should BREQ and interrupt request become active simul
taneously. 

Vee 

Vee 

MPUSOO 
RESET IN RESET OUT 

GND 

INDICATES WHEN CPU 
IS BEING RESET 

FIGURE 5. Power-On Reset 

AD(0-7) 
&&-~ ··-----RD, WR _ _. _____ ,.._ _____ ~ 

ALE 

SO, S1 

*SO, 51 during BREO will Indicate same machine cycle as during cycle when BREQ was accepted. 
tz =time states bus and control signals are In high lmped,ance mode. 

FIGURE 6. Bus Acknowledge Cycle 
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REGISTER CONFIGURATION 
The MPU800 contains 22 programmable registers as 
shown in Figure 7. The CPU working registers are 
arranged in two 8-register configurations, each of which 
includes an 8-bit accumulator, a flag register, and six gen
eral purpose 8-bit registers. Only one 8-bit register set 
may be active at any given moment. However, simple 
instructions exist that allow the programmer to exchange 
the active and alternate register sets. 

It should also be noted that the six 8-bit general purpose 
registers (B, C, D, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these 
become apparent in the instruction set description. 

CPU Main Working Register Set 
Accumulator (8) Flags F (8) 
Register B (8) Register C (8) 
Register D (8) Register E (8) 
Register H (8) Register L (8) 

CPU Alternate Working Register Set 
Accumulator A' (8) Flags F' (8) 
Register B' (8) Register C' (8) 
Register D' (8) Register E' (8) 
Register H' (8) Register L' (8) 

CPU Dedicated Registers 
Index Register IX (16) 
Index Register IY (16) 
Interrupt Vector 
Register I (8) 
Memory Refresh 
Register R (8) 
Stack Pointer SP (16) 
Program 
Counter PC (16) 

FIGURE 7. Register Configuration 

DEDICATED REGISTERS: 
Program Counter {PC}: The program counter contains 
the 16-bit address of the current instruction being fetched 
from memory. The PC is incremented after its contents 
have been transferred to the address lines. When a pro
gram jump occurs, the new address is placed in the PC, 
overriding the incrementer. 

Stack Pointer {SP}: The stack pointer contains the 16-bit 
address of the current top of a stack located in external 
system RAM memory. The external stack memory is orga
nized as a last-in, first-out (LIFO) file. The stack allows sim
ple implementation of multiple level interrupts, virtually 
unlimited subroutine nesting and simplification of many 
types of data manipulation. 

Index Registers {IX and IV}: The two 16-bit index regis
ters hold a 16-bit base address used in indexed address
ing modes. In this mode, an index register is used as a 
base to point to a region in memory from which data is to 
be stored or retrieved. An additional byte is included in 
indexed instructions to specify a displacement from this 
base. This displacement is specified as a two's comple
ment signed integer. 
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Interrupt Page Address Register {I}: The MPU800 CPU 
can indirectly call any memory location in response to a 
mode 2 interrupt. The I register is used to store the high
order 8 bits of the address. The low-order 8 bits are sup
plied by the interrupting peripheral. This feature allows 
interrupt routines to be dynamically located anywhere in 
memory with minimal access time to the routine. 

Memory Refresh Register {R}: The MPU800 CPU con
tains a memory refresh counter to enable dynamic memo
ries to be used with the same ease as static memories. 
This 8-bit register is automatically incremented after each 
instruction fetch. The data in the refresh counter is sent 
out on the lower portion of the address bus along with a 
refresh control signal while the CPU is decoding and exe
cuting the fetched instruction. This mode of refresh is 
totally transparent to the programmer and does not slow 
down CPU operation. The programmer can load the R reg
ister for testing purposes, but this register is normally not 
used by the programmer. 

ACCUMULATORS AND FLAG REGISTERS 

The CPU includes two 8-bit accumulators and two associ
ated 8-bit flag registers. The accumulator holds the results 
of 8-bit arithmetic or logical operation. The flag register 
indicates specific conditions for 8-bit or 16-bit operations. 

FLAG REGISTERS {F, F') 
The two MPU800 flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and parity/ 
overflow flags) can be tested by the programmer. The 
descriptions of the flags follow. 

Carry Flag {C}: This flag is set by the carry from the high
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 

Zero Flag {Z}: This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 

Sign Flag {S}: This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 

Parity/Overflow Flag {P/V}: During logical operations 
this flag is set when the parity of the result is even and 
reset when it is odd. It represents overflow when signed 
two's complement arithmetic operations are performed. 
An overflow occurs when the resultant of a two's comple
ment operation (in the accumulator) is out of range. 

The two non-testable flag register bits used for BCD 
arithmetic are: 

Half Carry {H): The flag indicates a BCD carry or borrow 
result from the least significant four bits of an operation; 
when using the DAA (Decimal Adjust Accumulator 
Instruction), it is used to correct the result of a previously 
packed decimal add or subtract. 

Add/Subtract Flag {N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, this 
flag specifies what type of instruction was executed last in 
order that the DAA operation will be correct for either oper
ation. 



BIT7 BIT 0 

CARRY 

ADD/SUBTRACT 

----PARITY OVERFLOW 

--------HALF CARRY 

-----------ZERO 

....._-----------SIGN 

FIGURE 8. Flag Register 

INTERRUPTS 
The MPUBOO has five interrupt/restart inputs, four are 
maskable (RSTA, ASTB, ASTC, and INTA) and one is non
maskable (NMI). NMI, having the highest priority of all 
interrupts, is always serviced and cannot be disabled by 
the user. After recognizing an active input on NMI, the 
CPU stops before the next instruction, pushes the PC onto 
the stack, and jumps to address X'0066, where the user's 
interrupt service routine is located (i.e., restart to memory 
location X'0066). NMI is intended for interrupts requiring 
immediate attention, such as power-down, control panel, 
etc. ASTA, ASTB and ASTC are restart inputs, which, if 
enabled, execute a restart to memory location X'003C, 
X'0034, and X'002C, res~ti~elY:_ fi_ote that the CPU 
response to the NMI and AST (A, B, C) request input is 

CLK 

NMI OR 
RSTA, ii, C 

ALE 

A0(0-7) 

A(S-15) 

10/M, SO, S1 

basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 

Figure 9 illustrates NMI and AST interrupt machine cycles. 
M1 cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow
ing instruction will then start from the interrupts restart 
location. 

The MPUBOO also provides one more general purpose 
interrupt request input, INTR. When enabled, the CPU 
responds to INTA in one of the three modes defined by 
instruction IMO, IM1, and IM2 for modes O, 1 and 2, respec
tively. Following reset, the CPU automatically sets itself in 
mode). 

Interrupt (INTR) Mode O; Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an 
INTA (interrupt acknowledge) strobe, which can be used to 
gate an instruction from a peripheral onto the data bus. 
Two wait states are automatically inserted by the CPU dur
ing the first INTA cycle to allow the interrupting device (or 
its controller) ample time to gate the instruction and deter
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular 
instruction would be a one-byte call (restart instruction) or 
a three-byte call (CALL NN instruction). If it is a three-byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 

Interrupt (INTR) Mode 1: Similar to the restart interrupts 
except the restart location is X'0038 (Figure 9). 

IOl°M=O, S0=1, S1=1 

*This is the only machine cycle that does not have an RO, WR, or INTA strobe but will accept a wait strobe. 

FIGURE 9. Non-Maskable and Restart Interrupt Machine Guide 
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CLJ( 

INT 

ALE 

A0(0-7) 

A(B-15) 

01 
INTA 

~ 
RFSH 

WAIT 

IO/M, SO, Sl IO/M=D. SD=l, Sl=l 

Rii 

*tw is the CPU generated WAIT state in response to an interrupt request. 

FIGURE 1 O. Interrupt Acknowledge Machine Cycle 



Interrupt (TNTR) Mode 2: With this mode, the program
mer maintains a table that contains the 16-bit starting 
address of every interrupt service routine. This table may 
be located anywhere in memory. When the mode 2 inter
rupt is accepted (Figure 11 ), a 16-bit pointer must be 
formed to obtain the desired interrupt service routine start
ing address from the table. The upper 8 bits of this pointer 
are from the contents of the I register, which has been pre
viously loaded with the desired value by the programmer. 
The lower 8 bits of the pointer are supplied by the interrupt
ing device with the low-order bit forced to zero. The pointer 
is used to get two adjacent bytes from the interrupt service 
routine starting address table to complete the 16-bit serv
ice routine starting address. The first byte of each entry in 
the table is the least significant (low-order) portion of the 
address. The programmer must obviously fill this table 
with the desired addresses before any interrupts are to be 
accepted. 

Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pointer, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 

The interrupts have fixed priorities built into the MPU800 
as: 

(Highest Priority) 

(Lowest Priority) 

ENABLING INTERRUPTS 
fiJfiJI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 

The maskable interrupt inputs (ASTA, RSTB, RSTC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable inter
rupt instruction. 

The appropriate interrupt control bits in 4-bit control regis
ter (I EA, IEB, IEC, and IEI) must be enabled in conjunction 
with IFF1 and IFF2, before the maskable Tf\JTR and ASTA, 
B, "C can be accepted by the CPU. 

SUPPLIED BY I REGISTER 

15 8 7 1 0 

SUPPLIED BY PERIPHERAL 

IEA IEB IEC IEI 

The interrupt control register is an on-chip write only out
put port located at port address X'BB. It can only be written 
to by either the OUT (C), r or OUT (N), A instructions (for 
example OUTI instruction will not affect Interrupt Control 
Register). Its contents are: 

Bit 
0 
1 
2 
3 

Name 
IEI 
IEC 
IEB 
IEA 

Function 
lnt~~rupt ~nabl?, for TNTR 

RSTC 
RSTB 
RSTA 

For example: In order to enable RSTB, CPU interrupts 
must be enabled and IEB must be set. 

At reset, IEI bit is set and other mask bits, IEA, IEB, IEC are 
cleared. This maintains the software compatibility 
between MPU800 and INS8080A (or Z80A). 

Execution of an 10 block move instruction will not affect 
the state of the interrupt control bits. The only two instruc
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 

POWER-SAVE FEATURE 
The MPU800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of an instruction. After recognizing an 
active (low) level on PS, the MPU800 stops its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The MPU800 keeps its oscillator 
running, and makes the CLK signal available to the sys
tem. When in power-save the ALE strobe will be stopped 
high and the adpress lines [AD(0-7), A(B-15)) will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or M1 cycle) of the CPU begins in a normal 
manner. Note this M1 cycle could also be an interrupt 
acknowledge cycle if the MPU800 was interrupted simul
taneously with PS. Figure 12 illustrates the power-save 
feature. 

In the event BREO is asserted (low) at the end of an 
instruction cycle and PS is active simultaneously, the fol
lowing occurs: 

1. The MPU800 will go into BACK cycle 
2. Upon completion of BACK cycle if PS is still active the 

CPU will go into power-save mode. 

FIGURE 11. Interrupt Mode 2 
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CLK 

A0(0-7) 
A(8-15) 

SO, S1, 10/M-----+-----...... - ""--•--+------+-----+-...... -------4-----+----
ALE 

FIGURE 12. MPUBOO Power-Save 

INSTRUCTION SET 

In the following instruction set listing, the notation used is 
shown below. 
b: Used in instructions employing bit mode address

ing to designate one bit in a register or memory 
location. 

cc: Designates condition codes used in conditional 

d: 

Jumps, Calls, and Return instructions; may be 
NZ= Non Zero (Z Flag= 0) 

Z=Zero (Z Flag = 1) 
NC = Non Carry (C Flag = 0) 

C =Carry (C Flag= 1) 

PO= Parity Odd or No Overflow (P/V = 0) 
PE= Parity Even or Overflow (P/V = 1) 

P = Positive (S = 0) 
M = Negative (S = 1) 

Used in instructions employing relative or indexed 
modes of addressing to designate 8-bit signed 2's 
complement displacement. 

kk: Subset of cc condition codes used in conjunction 
with conditional relative jumps; may be NZ, Z, NC 
or C. 

m1: Used in instructions employing register indirect or 
indexed modes of addressing; may be (HL), 
(IX+ d) or (IY + d). 

m2: Used in instructions employing register indirect or 
direct modes of addressing; may be (BC), (DE), or 
(nn). 

n: Any 8-bit binary number. 

nn: Any 16-bit binary number. 

pp: 

qq: 

r: 

rr: 

Used in 16-bit arithmetic instructions employing 
register modes of addressing; may be BC, DE, SP, 
or register designated as destination operand. 

Used in instructions employing register modes of 
addressing; may be BC, DE, HL, AF, IX, or IY. 

Used in instructions employing register mode of 
addressing; may be A, B, C, D, E, H, or L. 

Used in instructions employing register mode of 
addressing; may be BC, DE, HL, SP, IX, or IY. 
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ss: Used in instructions employing register mode of 
addressing; may be HL, IX, or IY. 

T: Used to restart instructions employing modified 
page zero addressing mode; may take on hex val
ues of 0, 8, 10, 18, 20, 28, 30, or 38. 

XL: Subscript L indicates the high order byte of a 16-bit 
register. 

XH: Subscript H indicates the high-order byte of a 16-
bit register. 

( ): Parentheses indicate the contents are considered 
a pointer to a memory or 1/0 location. 

8-BIT LOADS 

REGISTER TO REGISTER 

Mnemonic 
LD rd, rs 
LDA,I 
LD I, A 
LOA, r 

LD r, A 

LD r, n 

Description 
Load register rd with rs 
Load ACC with register I 
Load register I with ACC 
Load ACC with register 
R 
Load register R with 
ACC 
Load register r with 
immediate data n 

REGISTER TO MEMORY 

Mnemonic 
LD m1, r 

LD,m2,A 
LD m1, n 

Description 
·Load memory from 
register r 
Load memory from ACC 
Load memory with 
immediate data n 

MEMORY TO REGISTER 

Mnemonic 
LD r, m1 

LOA, m2 

Description 
Load register r from 
memory 
Load ACC from memory 

Operation 
rd+-rs 
A+-1 
l+-A 
A+-r 

r+-A 

Operation 
m1+-r 

m2+-A 
m1+-n 

Operation 
r+-m1 

A+-m2 



16-BIT LOADS NEG Negate ACC (2's A+-0-A 
complement) 

REGISTER TO REGISTER CCF Complement carry flag CY+-CY 
SCF Set carry flag CY+-1 

Mnemonic Description Operation 

LD rr, nn Load register rr with rr+-nn IMMEDIATE ADDRESSING MODE ARITHMETIC 

immediate data nn 
Mnemonic Description Operation LD SP, ss Load SP register SP+-SS 

with register ss 
ADD A, n Add number n to ACC A+-A+n 
ADC A, n Add with carry number n A+-A+n+CY 

REGISTER TO MEMORY toACC 
SUB n Subtract number n A+-A-n 

Mnemonic Description Operation from ACC 
SBC A, n Subtract with carry A+-A-n-CY 

LD (nn), rr Load memory location (nn)+-rrL number n from ACC 
nn with 16 bit register rr (nn + 1 )+-rr H AND n AND number n with ACC A+-A /\ n 

PUSH qq Push contents of (SP-1 )+-qqH OR n OR number n with ACC A+-A v n 
16-bit register qq onto (SP-2)+-qqL XOR n Exclusive OR number n A+-A-¥-n1 
memory stack sp-sp...:2 with ACC 

CP n1 Compare number n to A: n1 
ACC Z flag+-1 

MEMORY TO REGISTER if A=n 
else 

Mnemonic Description Operation Z Flag+-0 

LD rr, (nn) Load 16-bit register rr rrL+-(nn) MEMORY ADDRESSED ARITHMETIC 
from memory location nn rr H+-(nn + 1) 

POPqq Pop contents of stack qqL+-(SP) Mnemonic Description Operation 
to register qq qqH+-(SP + 1) 

SP+-SP +2 ADD A, m1 Add memory to ACC A+-A+m1 
ADC A, m1 Add with carry memory A+-A+ m1 +CY 

8-BIT ARITHMETIC 
to A_CC 

SUB m1 Subtract memory from A+-A-m1 
ACC 

REGISTER ADDRESSED ARITHMETIC SBC A, m1 Subtract with carry A+-A-m1-CY 

Mnemonic Description Operation 
mamory from ACC 

ANDm1 AND memory with ACC A+-A/\m1 
0Rm1 OR memory with ACC A+-AVm1 

ADD A, r Add contents of register A+-A+ r XORm1 Exclusive OR memory A+-Avm1 
r to ACC with ACC 

ADC, A, r Add with carry contents A+-A+ r+CY CP m1 Compare memory with A:m1 
of register r to ACC ACC Z flag+-1 

SUBr Subtract A+-A-r-r if A=r 
contents of register r else 
from ACC Z Flag+-0 

SBC A, r Subtract contents of A+-A-r-CY INC m1 Increment memory m1+-m1+1 
contents of register r DEC m1 Decrement memory m1 +-m1-1 
from ACC 

ANDr Logically AND contents A+-A /\ r 
of register r with ACC 

ORr Logically AND contents A+-A v r 16-BIT ARITHMETIC 
of register r with ACC 

XORr Exclusive OR contents A+-A¥r REGISTER ADDRESSED ARITHMETIC 
of register r with ACC 

CPr Compare contents of A:r Mnemonic Description Operation 
register r to ACC Z flag+-1 I 

if A= r ADD ss, pp Add 16-bit register pp SS+-SS+ pp I else to 16-bit register ss 
Z FlagfiO ADC HL, pp Add with cary 16-bit HL+-HL 

INC r Increment contents of r+-r + 1 register pp to HL +pp+CY 
register r SBC HL, pp Subtract with carry HL+-HL 

DEC r Decrement contents of r+-r-1 16-bit register pp -pp-CY 
register r from HL 

I 

DAA Decimal adjust ACC (ACC adjust INC rr Increment 16-bit rr+-rr + 1 
for BCD) register rr 

CPL Complement ACC A+-A DEC rr Decrement 16-bit rr+-rr-1 
(1 's complement) register rr 
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BIT SET, RESET, AND TEST LDD Move data from memory (DE)+-(HL) 
location (HL) to memory (DE)+-(HL) 

REGISTER location (HL) to memory DE+-DE-1 
location (DE), and decre- HL+-HL-1 

Mnemonic Description Operation m~nt memory pointer BC+-HL-1 
and byte counter BC. 

SET b, r Set bit in register r rb+-1 CPI Compare data in mem- A-(HL) 
RES b, r Reset bit in register r rb+-0 ory location (HL) to ACC, HL+-HL+ 1 
BIT b, r Test bit in register r Z+-rb increment memory BC+-BC-1 

pointer and decrement 
byte counter BC. 

MEMORY CPD Compare data in mem- A-(HL) 
ory location (HL) to ACC HL+-HL-1 

Mnemonic Description Operation and decrement memory BC+-BC-1 
pointer and byte counter 

Set b, m1 Set bit in memory m1b+-1 BC. 
location m1 

RES b, m1 Reset bit b in memory m1 b+-0 REPEAT OPERATIONS 
location m1 

BIT b, m1 Test bit bin memory Z+-m1b Mnemonic Description Operation 
location m1 

LDIR Move data from memory (DE)+-(HL) 
location (HL) to memory DE+-DE+ 1 
location (DE), increment HL+-HL+ 1 
memory pointers, decre- BC+-BC-1 

EXCHANGES ment byte counter BC, Repeat until 
until BC=O BC=O 

REGISTER/REGISTER LODA Move data from memory (DE)+-(HL) 
location (HL) to memory DE+-DE-1 

Mnemonic Description Operation location (DE), decrement HL+-HL-1 
memory pointers and BC+-BC-1 

EX DE, HL Exchange contents of DEHHL byte counter BC, repeat Repeat until 
DE and HL register until BC=O BC=O 

EX AF, AF1 Exchange contents of A AFHAF' CPIR Compare data in memory A-(HL) 
and F registers with A 1 location (HL) to ACC, HL+-HL+ 1 
and F1 registers increment memory BC+-BC-1 

EXX Exchange contents of BCHBC' pointer, decrement byte Repeat until 
BC, DE and HL registers DEHDE' counter BC, repeat until BC=O or 
with corresponding HLHHL' BC= 0 or (HL) =A (HL)=A 
alternate registers CPDR Compare data in memory A-(HL) 

location (HL) to ACC, HL+-HL-1 
decrement memory BC+-BC-1 

REGISTER/MEMORY pointer and byte counter Repeat until 
BC, repeat until BC= O or BC=O or 

Mnemonic Description Operation (HL)=A (HL)=A 

EX (SP), ss Exchange top of stack (SP)HSSL INPUT/OUTPUT 
with 16-bit register ss (SP+ 1)HSSH 

Due to the multiplexed bus structure, the MPUBOO han-
dies the address bus differently than the zao during input 
and output instructions. The MPUBOO duplicates the port 

MEMORYBLOCKMOVESANDSEARCHES 
address on the upper and lower halves of the address. 

Mnemonic 
Block move and search instructions (such as LOIA and 

Description Operation 

INIR) Insert a dummy instruction fetch after each cycle to INA,(n) Input from 1/0 device at A+-(n) 
keep refre~h going. address n to ACC 

OUT(n), A Output to 1/0 device at (n)+-A 
SINGLE OPERATIONS address n from ACC 

IN r, (C) Input from 1/0 device at r+-(C) 
Mnemonic Description Operation address (C) to register 

OUT (C), r Output to 1/0 device at (C)+-r 
LDI Move data from memory (DE)+-(HL) address (C) from register 

location (HL) to memory DE+-DE+ 1 INI Input from 1/0 device at (HL)+-(C) 
location (DE), increment HL+-HL+ 1 address (C) to memory HL+-HL+ 1 
memory pointers, and BC+-BC-1 location (HL), increment B+-B-1 
decrement byte counter pointer, and decrement B 
BC. counter 
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Mnemonic Description Operation PROGRAM CONTROL 

OUTI Output to 1/0 at address (C)+-(HL) JUMPS 
(C) from memory location HL+-HL + 1 
(HL), increment pointer, B+-B-1 Mnemonic Description Operation 
and decrement B counter 

IND Input from 1/0 device at (HL)+-(C) JP nn Unconditional jump PC+-nn 
address (C) to memory HL+-HL-1 direct to nn 
location (HL) and decre- B+-B-1 JP (ss) Unconditional jump PC+-SS 
ment pointer, and B indirect via ss register 
counter JP cc, nn Conditionally jump If cc true, 

OUTD Output to 1/0 device at (C)+-(HL) direct to nn if cc is true PC+-nn, else 
address (C) from memory HL+-HL-1 continue 
location (HL) and decre- B+-B-1 JR d Unconditional jump PC+-PC+d 
ment pointer to PC+d 
B counter JR kk, d Conditionally jump if kk true, 

INIR Output to 1/0 device at (HL)+-C PC + d if kk is true PC+-PC+d 
at address (C) to mem- HL+-HL+ 1 DJNZ, d Decrement B register B+-B-1 
ory location (HL), incre- B+-B-1 and jump to PC+ d if if B=O 
ment pointer, decrement Repeat until B-:/= 0, otherwise continue PC+-PC+d 
B counter, and repeat B=O 
until B =0 

CALLS OUTIR Output to 1/0 device at (C)+-(HL) 
address (C) from memory HL+-HL + 1 

Mnemonic Description Operation location (HL), increment B+-B-1 
pointer, decrement B Repeat until 

CALL nn Unconditional call to (SP-1 )+-PCH counter, and repeat until B;: 0 
B=O subroutine at location nn (SP-2)+-PCL 

INDR Input from 1/0 device at (HL)+-(C) PC+-nn 

address (C) to memory HL+-HL-1 CALL cc, nn Conditional call to if cc true, 

location (HL), decrement B+-B-1 subroutine at location (SP-1 )+-PCH 

pointer and B counter, Repeat until nn if cc true (SP-2)+-PCL 

and repeat until B = O B=O PC+-nn, else 

OUT DR Output to 1/0 device at (C)+-(HL) continue 

address (C) from mem- HL+-HL-1 
ory location (HL), decre- B+-B-1 RETURNS 
ment pointer and B Repeat until 

Mnemonic Description Operation counter, and repeat until B=O 
B=O 

RET Unconditional return PCL+-(SP) 
from subroutine PCH+-(SP + 1) 

RETcc Conditional return If cc true: 
from subroutine PCL+-(SP) 

PCH+-(SP + 1) 
CPU CONTROL else continue 

RETI Return from interrupt PCL+-(SP) 
PCH+-(SP + 1) 

RETN Return from non- PCL+-(SP) 
Mnemonic Description Operation maskable interrupt PCH+-(SP + 1) 

NOP No operation 
Restore 
interrupt 

HALT* Halt processor enable 
DI Disable Interrupts status 
El Enable Interrupts 
IMO Set Interrupt Mode O 

RESTARTS IM 1 Set Interrupt Mode 1 
IM2 Set Interrupt Mode 2 

Mnemonic Description Operation 
I 

*Halt instruction locks CPU into an endless cycle of instruction fetches RSTT Interrupt to location T (SP-1)+-PCH I until CPU is reset or interrupted. Therefore dynamic memory refresh (SP-2)+-PCL 
continues to run. PC+-T 

I 
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REGISTER 
MNEMONIC DESCRIPTION OPERATION 

RLC r ROTATE REGISTER r LEFT CIRCULAR 0~1-ol+J 
r 

RL r ROTATE REGISTER r LEFT THROUGH L[fu~+J 
CARRY r 

ARC r ROTATE REGISTER r RIGHT CIRCULAR L11-+0P-B 
r 

RR r ROTATE REGISTER r RIGHT THROUGH L~B=J CARRY r 

SLA r SHIFT REGISTER r LEFT ARITHMETIC B~o 
r 

SRA r SHIFT REGISTER r RIGHT ARITHMETIC 

~ 
SAL r SHIFT REGISTER r RIGHT LOGICAL o-~B 

r 

MEMORY 
MNEMONIC DESCRIPTION OPERATION 

RLC ml ROTATE MEMORY LEFT CIRCULAR 0-Y1-ol+J 
ml 

RL ml ROTATE MEMORY LEFT THROUGH CARRY L[fu~+J 
ml 

ARC ml ROTATE MEMORY RIGHT CIRCULAR L17-+DP-B 
ml 

RR ml ROTATE MEMORY RIGHT THROUGH L~B=J CIRCULAR ml 

SLA ml SHIFT MEMORY LEFT ARITHMETIC B~D 
ml 

SRA ml SHIFT MEMORY RIGHT ARITHMETIC cY-G 1 

SAL ml SHIFT MEMORY RIGHT LOGICAL o-~B 
ml 

REGISTER/ MEMORY 
MNENONIC DESCRIPTION OPERATION 

A I 1 413 : D I 17 i5 0 I (HL) RLD ROTATE DIGIT LEFT AND RIGHT BETWEEN 
ACC ANO MEMORY (HL) 

I 

: l 

~ ARD ROTATE DIGIT RIGHT AND LEFT BETWEEN A I 1 413 D I I 1 D I (HL) 
ACC ANO MEMORY (HL) 

ROTATE AND SHIFT 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature .............................................................. -65°C to + 150°C 
Voltage on Any Pin with Respect to Ground ........................................... -0.3V to V cc+ 0.3V 
Maximum Vee ................................................................................ 7V 
Power Dissipation ............................................................................ 1 W 
Lead Temperature (Soldering, 1 O seconds) ...................................................... 300°C 

DC ELECTRICAL CHARACTERISTICS TA= 0°C to + 70°C, Vee= 5V ± 10%, GND = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 
VIH Logical 1 Input Voltage 0.7 Vee Vee v 
VIL Logical O Input Voltage 0 0.2 Vee v 
VHY Hysteresis at RESET IN input Vee= 5V 0.25 0.5 v 
VoH1 Logical 1 Output Voltage lour =-1.0 mA 2.4 v 
VOH2 Logical 1 Output Voltage lour=-10 µA Vcc-.05 v 
Voll Logical O Output Voltage 10 L =2 mA 0 0.4 v 
VOL2 Logical O Output Voltage lour= 10 µA 0 0.1 v 
l1L Input Leakage Current O:SV1N:5Vcc -10.0 10.0 µA 

loL Output Leakage Current 0 :5 VIN :5 v cc -10.0 10.0 µA 

lccA Active Supply Current lour= 0, !t_x1NJ_ = 5 MHz 10 15 mA 

lccA Active Supply Current lour= 0, 1t_x1NJ_ = 8 MHz 15 21 mA 

lcca Quiescent Current !t_xiN}_= 0 MHz 2 4 mA 

lcPs Power-Save Current !i_x1Nl=5.0 MHz 5 mA 

C1N Input Capacitance 6 10 pF 

Cour Output Capacitance 8 12 pF 

Vee Power Supply Voltage Note 2 2.4 5 6 v 
Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended 
and should be limited to those conditions specified under DC Electrical Characteristics. 

Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V ± 
10% are forthcoming. 

Preliminary (not tested) 

Max CPU S eed * 
@2.4V 
®3.0V 

MPUS00-1 MPUSOO 
500 

1 

*Speed of CPU is expressed in clock speed, not crystal speed. 

.... 

i 
~ 
:::> 

i 
ii 

15 

10 

Ice vs System Speed 

1 1.5 2 2.5 3 3.5 4 4.5 

FREQUENCY AT CLOCK (MHz) 

AC ELECTRICAL CHARACTERISTICS V cc= 5V ± 10%, GND = OV 

MPUS00-4 
500 

1 

MPUB00-1 MPUBOO MPUB00-4 
Symbol Parameter 

Min Max Min Max Min Max 

t. Period at XIN and XOUT 500 31250 200 31250 125 31250 ns 
Pins 

T Period at Clock Output 1000 62500 400 62500 250 62500 ns 
(=2 tx) 
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AC ELECTRICAL CHARACTERISTICS (Continued) Vee= 5V ± 10%, GND = OV 

MPUB00-1 MPUBOO MPUB00-4 
Symbol Parameter Units Notes 

Min Max Min Max Min Max 

t. Period at XIN and XOUT 500 31250 200 31250 125 31250 ns 
Pins 

T Period at Clock Output 1000 62500 400 62500 250 62500 ns 
( = 2 tx) 

tR Clock Rise Time 110 110 75 ns Measured from 10%-90% of 
signal 

tF Clock Fall Time 60 60 40 ns Measured from 10%-90% of 
signal 

tl Clock Low Time 490 190 95 ns 50% duty cycle, square wave 
input on XIN 

tH Clock High Time 450 150 80 ns 50% duty cycle, square wave 
input on XIN 

tAeC(RD) ALE to Valid Data 1375 500 300 ns Add t for each WAIT STATE 
Add t/2 for memory read cycles 

tAFA AD(0-7) Float after 0 0 0 -ns 
RD Falling 

tBABE BACK Rising to Bus 1000 400 250 ns 
Enable 

tBABF BACK Falling to Bus Float 50 50 50 ns 

tBACL BACK Falling to CLK 425 125 55 ns 
Falling 

tBRH BREQ Hold Time 0 0 0 ns 

tBRS BREQ Set-Up Time 100 50 35 ns 

tCAF Clock Falling to ALE 0 30 0 30 0 35 ns 
Falling 

tcAR Clock Rising to ALE 0 100 0 100 0 75 ns 
Rising 

to Al ALE Falling to INTA 530 230 100 ns 
Falling 

to AA ALE Falling to RD Falling 525 575 225 250 125 160 ns 

tDAW ALE Falling to WR Falling 990 1010 390 410 220 250 ns 

tD(BACK)1 ALE Falling to BACK 2500 1000 600 ns Add t for each WAIT state 
Falling Add t for opcode fetch cycles 

tD(BACK)2 BREQ Rising to BACK 500 1600 200 700 125 475 ns 
Rising 

tD(I) ALE Fall\!!g_ to INTR, NMI, 1375 475 250 ns Add t for each WAIT state 
RSTA-C, PS, BREQ Add t for opcode fetch cycles 
Inputs Valid 

to PA Rising PS to Falling ALE 500 1550 200 650 125 475 ns See Figure 12 also 

tD(AFSH) Falling ALE to Falling 1500 600 325 ns Add t for each WAIT state 
RFSH 

tD(WAIT) ALE Falling to WAIT input 
Valid 

550 250 125 ns 

---!---

tH(ADH)1 A(B-15) Holt Time During 
Opcode Fetch 

0 0 0 ns 

tH(ADH)2 A(B-15) Hold Time Dur
1

iWA 
Memory or 10, RD and W 

400 100 60 ns 

tlj_(_ADl.l AD(0-7) Hold Time 400 100 50 ns 

tl-i_(WQ]_ Write Data Hold Time 400 100 50 ns 

INH Interrupt Hold Time 0 0 0 ns 

ti NS Interrupt Set-Up Time 100 50 35 ns 

tNMI Width of NMI Input 50 30 20 ns 

tRDH Data Hold after Read 0 0 0 ns 

tRFL RFSH Rising to ALE -100 -100 -70 ns Negative number means ALE 
Rising occurs first 
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AC ELECTRICAL CHARACTERISTICS (Continued) V cc= 5V ± 10%, GND = OV 

MPUB00-1 MPUBOO MPUB00-4 
Symbol Parameter Units Notes 

Min Max Min Max Min Max 

tRL(MR) RD Rising to ALE Rising 450 150 85 ns 
(Memory Read) 

tRL(OP) RD Rising to ALE Rising 
Opcode 

-75 -65 -55 ns 

T~AQJ_ AD(0-7) Set-Up Time 300 80 40 ns 

ts( ALE) A98-15), SO, SI, 10/M 
Set-Up Time 

350 100 50 ns 

t~ Write Data Set-Up Time 385 85 50 ns 

tW(ALE) ALE Width 430 130 75 ns 

twH WAIT Hold Time 0 0 0 ns 

tW(I) Width of INTR, RSTA-C, 
PS, BREQ 

500 200 125 ns 

tW(INTA) INTA Strobe Width 1000 400 200 ns Add two t states for first INTA of 
each interrupt response string 
Add t for each WAIT state 

twi: WR Rising to ALE Rising 450 150 90 ns 

tw(RD) Read Strobe Width During 1000 400 225 ns Add t for each WAIT State 
Opcode Fetch Add t/2 for Memory Read 

Cycles 

tvtl._RFSfil Refresh Strobe Width 1925 725 400 ns 

tws WAIT Set-Up Time 100 50 35 ns 

tW(WAIT) WAIT Input Width 550 250 175 ns 
t'l!{_Wfil_ Write Strobe Width 1000 400 220 

_j_ ns Add t for each WAIT state 

txcF XIN to Clock Falling 25 55 25 55 25 55 ns 

txcR XIN to Clock Rising 45 75 45 75 45 75 ns 

Note 1: Test conditions: t= 1000 ns for MPUS00-1, 400 ns for MPU800, 250 ns for MPUS00-4. 

Note 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used for other loads: 
150 pF <CL$ 300 pF: + ns/pF 
50 pF<CL$150 pF 

TABLE 1. BUS TIMING AS T DEPENDENT 

Symbol 1/T<2.5 MHz 2.5 MHz< 1/T<4.0 MHz Symbol 1/T<2.5 MHz 2.5 MHz< 1/T<4.0 MHz 

tl (1/2)T-10 (1/2)T-30 min T DJRFSHt (3/2 + N)T (3/2 + N)T-50 Min 

tH (1/2)T-50 (1/2)T-45 Min tQLWAffi (1/2)T + 50 (1 /2)T Max 

tACCI_RQJ_ (1+N)T+100 (1 +N)T +50 Max itADHJ_2 (1/2)T-100 (1 /2)T-65 Min 

tBABE T T Max tl:IJ..ADfi}2 (1/2)T-100 (1/2)T-6 Min 

tBACL (1/2)T-75 (1/2)T-70 Min tl:IJ..ADL,L (1/2)T-100 (1/2)T-50 Min 

toAI (1/2)T +30 (1/2)T-25 Min tRL,[_Mfil_ (1/2)T-50 (1/2)T-40 Min 

to AR (1/2)T + 25 (1/2)T Min t~AQ)_ (1/2)T-120 (1/2)T-85 Min 

toAR (1/2)T + 50 (1/2)T + 35 Max t~AL~ (1/2)T-100 (1/2)T-75 Min 

to AW T-10 T-30 Min t~WQJ_ (1/2)T-115 (1/2)T-75 Min 

to AW T + 10 T Max tWJ_AL~ (1/2)T-70 (1/2)T-50 Min 

toj!lAC~1 (5/2+ N)T (5/2 + N)T -25 Min tWJ.!NT& (1 + N)T (1 + N)T-50 Min 

tQil!AC~2 (1/2)T (1/2)T Min twL (1/2)T-50 (1/2)T-35 Min 

tQLBAC~2 (3/2)T + 100 (3/2)T + 100 Max tW_lRQJ_ (1 + N)T (1 + N)T-25 Min 

tQill. (3/2 + N)T -125 (3/2 + N)T -125 Max twJ_RFSl:il_ 2T-75 2T-100 Min 

to PA (1/2)T (1/2)T Min tWJ_WR_l (1 + N)T (1 + N)T-30 Min 

to PA (3/2)T +50 (3/2)T + 100 Max 
Note: N is equal to number of WAIT states. 
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TIMING REFERENCE 

CLK 

Interrupt-Power-Save Cycle 

Note 1: This t state is the last t state of the last M cycle of any instruction. 

Note 2: Response to INTR input. 

Note 3: Response to PS input. 

Bus Acknowledge Cycle 

~--to1BAeK12----1~---
AD(0-7) 
A(B-15) 

~.WA"-----------------------------+-~_, 

'l-t;-tem 
---------i,...____ 

~-!O-{B-Ae-~J-1-----------------------------------------------------ALE* ¥if!I 
*Waveform not drawn to proportion. Use only for specifying test points. 

AC Testing Input/Output Waveform 

0.7 
o. 7 Vee TEST o. 7 Vee 

0.2 
0.2 Vee POINTS 0.2 Vee 
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TIMING WAVEFORMS 

XIN 

CLK 

ALE 

A(B-15) 

AD(0-7) 

10/M. so. Sl 

CLK 

ALE 

A(B-15) 

AD(0-7) 
(READ) 

Opcode Fetch Cycle 

---------J4-----

twH 

Memory Read and Write Cycle 

---t-o-----+--tw1RD!-----i_.----+o+---, 
AD(0-7) 
(WRITE) ---~ ,, ____ ...... ___ i-___ ...,. _____ ou_r ______ _,,, __ ..., ... _..,__ _____ _ 

BREO. NMi 
INTR. RST AC 

PS ::....;f -i;m,~ 
101M. so. s1 ___)\; _____________ 10_1M_=_o_._so_=_~_}_~_.s_1 =_~_;;;_0 ___________ X,., _______ _ 
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(3;+ 
....:..;..:.+ 

--+ 

Vee 

MICROCOMPUTER FAMILY BLOCK DIAGRAM 

CLK XOUT XIN 

INTR 

RSTA, ii, C 
NMI 

INTA 
so 
S1 
RFSH MPUBOO 
BRED CPU 
BACK 

WAIT 
PS 

RESET IN 

Vee GNO 

AOO-A07 

AB-A15 

RO 

WR 
ALE 

10/M 

RESET OUT 

Vee GNO 

MPUB10A 
RAM 
1/0 

TIMER 

MPUB30 
ROM 
1/0 

PORT A 
8 BITS 

PORT B 
8 BITS 

PORT C 
6 BITS 

+--- TIMER 0 IN 

TIMER 0 OUT 

PORT A 
8 BITS 

PORT B 
8 BITS 

PORT C 
4 BITS 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION1iiiiiiiiiiiiiii 

MPU 810A 
MPU 810A-1 
MPU 810A-4 

PRELIMINARY 

RAM-1/0-Timer 
FEATURES 

D Variable Power Supply: 2.4V-6.0V 
0 Pin-Compatible With NSC810 
D Three Programmable 1/0 Ports 
D Two 16 Bit Programmable Counter Timers 
D Very Low Power Consumption 
D Fully Static Operation 
D Single Instruction 1/0 Bit Operations 
D Timer Operation: DC to 5 MHz 
D Bus Compatible with MPU800 Family 
D Three Speed Versions For Full 

Compatibility with the MPU800: 
MPU810-4-4 MHz 
MPU810 -2.5 MHz 
MPU810-1-1 MHz 

GENERAL DESCRIPTION 

The MPU810A functions as a memory, input/output 
peripheral interface, and a timing device. The memory is 
comprised of 1024 bits of static RAM organized 128 by 8. 

The 1/0 portion consists of 22 programmable input/out
put bits arranged as three separate ports, with each bit indi
vidually definable as an input or output. The port bits can 
be set or cleared individually and can be written or read in 
bytes. Several types of strobed mode operations are avail
able through port A. 

The timer portion of the device consists of two pro
grammable 16 bit binary down-counters each capable of 
operation in any one of 6 modes. Timer counts are extend
able by one of the available pre-scale values. The MPU81 OA 
comes in three speed versions to match the MPU800. 
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PIN CONFIGURATION 

PC3/TG 40 
PC4/T11N 39 

TOIN 38 
RESET 37 

PC5/T10UT 36 
TO OUT 35 

IOT/M 34 
CE 33 
RD 9 32 
WR 10 MPU810A 31 
ALE 11 30 
ADO 12 29 
AD1 13 28 
AD2 14 27 
AD3 15 26 
AD4 16 25 
AD5 17 24 
AD6 18 23 
AD7 19 22 

GND 20 21 

BLOCK DIAG,RAM 

INTER~Al 

OAT-' 
BUS 

FIGURE 1 

Vee 
PC2/STB 
PC1/BF 
PCOiiNTR 
PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PB1 
PBO 
PA? 
PA6 
PA5 
PA4 
PA3 
PA2 
PA1 
PAO 

I 

I 
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DESCRIPTION OF PIN FUNCTIONS 

PINNO. NAME SYMBOL FUNCTION 

40 + 5Volt Vee + 5 volt supply 

20 Ground GND Ground 

Input Signals 

4 Reset RESET RESET is an active-high input that resets all registers to 0 (low). The RAM 
contents remain unaltered. 

7 Input/Output Timer/ IOT/M Input/Output Timer or RAM Select (IOT/M): IOT/M is an 1/0 memory select 
RAM Select input line. A logic 1 (high) input selects the 1/0-timer portion of the chip; a 

logic 0 (low) input selects the RAM portion of the chip. IOT /Mis latched at 
the falling edge of ALE. 

8 Chip Enable CE CE is an active-high input that allows access to the MPU81 QA. CE is latched 
at the falling edge of ALE. 

9 Read RD The RD is an active-low input that enables a read operation of the RAM or 
1/0-timer location. 

10 Write WR The WR is an active-low input that enables a write operation to RAM or 
1/0-timer locations. 

11 Address Latch Enable ALE The falling edge of the ALE input latches ADO-AD?, CE and IOT/M inputs 
to form the address for RAM, 1/0 or timer. 

3 Timer 0 Input TOIN TOIN is the clock input for timer 0. 

Output Signals 

6 Timer 0 Output TO OUT TOO UT is the programmable output of timer 0. After reset, TOOUT is set 
high. 

Input/Output Signals 

12-19 Address/Data Bus ADO-AD? The multiplexed bidirectional address/data bus, ADO-AD? pins, are in the 
high impedance state when the MPU810A is not selected. ADO-AD? will 
latch address inputs at the falling edge of ALE. The address will designate 
a location in RAM, 1/0 or timer. WR input enables 8-bit data to be written 
into the addressed location. RD input enables 8-bit data to be read from 
the addressed location. The RD or WR inputs occur while ALE is low. 

21-28 Port A, Bits 0-7 PAO-PA? Port A is an 8-bit basic mode input/output port, also capable of strobed 
mode 1/0 utilizing three control signals from port C. Strobed mode of oper-
ation on port A has three different modes: strobed input, strobed output 
with active bus, strobed output with TRI-STATE bus. 

29-36 Port B, Bits 0-7 PBO-PB7 Port Bis an 8-bit basic mode input/output port. 

37-39, 1,2,5 Port C, Bits 0-5 PCO-PC5 Port C is a 6-bit basic mode 1/0 port. Each pin has a programmable second 
function, as follows: 

PCO/INTR: INTR is an active-low strobed mode interrupt request to the 
Central Processor Unit (CPU). 

PC1 /BF: BF is an active-high buffer full output to peripheral devices. 

PC2/STB: SIB is an active-low strobe input from peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1 IN: T1 IN is the clock input for timer 1. 

PC5/T1 OUT: T1 OUT is the programmable output of timer 1. 

FUNCTIONAL DESCRIPTION 

Refer to Figure 1 for a detailed block diagram of the 
MPU810A. 

1/0 called ports. There are two ports (A and B) which con
tain eight bits each and one port (port C) which has six bits. 
Any bit or combination of bits in a port may be addressed 
with Set or Clear commands. A port can also be addressed 
as an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit-Set and Bit-Clear. Additionally, 
port A is programmable for strobed (handshake) mode input 
or output. Port C has programmable second functions for 
each bit associated with strobed modes and timer func
tions. Table I defines the address location of the ports, tim
ers and control registers. 

RANDOM ACCESS MEMORY (RAM) 

The memory portion of the RAM-1/0-timer is accessed ~ 
a 7-bit address input to pins ADO through AD6. The IOT/M 
input must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Address 
bit AD? is a "don't care" for RAM addressing. Timing for 
RAM read and write operations is shown in the timing 
diagrams. 

INPUT/OUTPUT (1/0) 

THE 1/0 portion of the MPU810A contains three sets of 

MODE DEFINITION REGISTER (MOR) 

The mode definition register (MOR) defines the operating 
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mode for port A. While ports Band Care always in the basic 
1/0 mode, there are four operating modes for port A: 

Mode 0-Basic 1/0 (Input or Output) 
Mode 1-Strobed Mode Input 
Mode 2-Strobed Mode Output-Active Peripheral Bus 
Mode 3-Strobed Mode Output-TRI-STATE* 

Peripheral Bus 

The MOR has the address assignment xxx00111 and is 
illustrated for the four modes in Table II. 

DATA DIRECTION REGISTERS (DOR) 

Each port bit has a data direction register (DOR) that 
defines the 1/0 state of the bit. The bit is configured as an 
input if a "O" is written into its DOR, or as an output if a 
"1" is written. The DOR bits cannot be individually written 
to; the entire DOR byte is affected by a write to the DOR 
address. Thus, all data must be consistent with the direc
tion desired for each port. 

Any write or read operations on a port contradicting the 
DOR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to Figure 2. 

FIGURE 2. Block Diagram for Port Bit (i) 

lrlTERNAL 
DATA BUS 

WR(SET) 

WR(DDR) 

(DATA DIRECTION) 

BIT OPERATIONS 

p (i) 

The 1/0 features of the RAM-1/0-timer allow modification 
of a single bit or several bits of a port with Bit-Set and Bit
Clear command. The address is set up to indicate that a 
Bit-Set (or Clear) is taking place. The incoming data on 
the address/data bus is latched at the trailing edge of the 
WR strobe and is treated as a mask. All bits containing 1 s 
will cause the indicated operation to be performed on the 
corresponding port bit. All bits of the data mask with Os 
cause the corresponding port bits to remain unchanged. 
Three sample operations are shown in Table Ill using port 
B as an example. 

*TRI-STATE® is a registered trademark of National Semiconductor 

TABLE I. 1/0 AND TIMER ADDRESS DESIGNATIONS 

8-Blt Address Field 
Designation R (Read) 

Bits 
7 6 5 4 3 2 1 0 

1/0 Port, Timer, etc. W (Write) 

x x x 0 0 0 0 0 
x x x 0 0 0 0 1 

x x x 0 0 0 1 0 
x x x 0 0 0 1 1 

x x x 0 0 1 0 0 
x x x 0 0 1 0 1 

x x x 0 0 1 1 0 
x x x 0 0 1 1 1 

x x x 0 1 0 0 0 
x x x 0 1 0 0 1 

x x x 0 1 0 1 0 
x x x 0 1 0 1 1 

x x x 0 1 1 0 0 
x x x 0 1 1 0 1 

x x x 0 1 1 1 0 
x x x 0 1 1 1 1 

x x x 1 0 0 0 0 
x x x 1 0 0 0 1 

x x x 1 0 0 1 0 
x x x 1 0 0 1 1 

x x x 1 0 1 0 0 
x x x 1 0 1 0 1 

x x x 1 0 1 '1 0 
x x x 1 0 1 1 1 

x x x 1 1 0 0 0 
x x x 1 1 0 0 1 

x x x 1 1 0 1 0 
x x x 1 1 0 1 1 

x x x 1 1 1 0 0 
x x x 1 1 1 0 1 

x x x 1 1 1 1 0 
x x x 1 1 1 1 1 

x = don't care. 
LB = low-order byte 
HB = high-order byte 

Port A (byte} 

Port B (byte} 

Port C (byte} 

Not Used 

DDR-Port A 

DDR-Port B 

DDR-Port C 

Mode Definition Reg. 

Port A- Bit-Clear 

Port B-Bit·Clear 

Port C-Bit·Clear 

Not Used 
Port A-Bit-Set 

Port B-Bit-Set 

Port C- Bit·Set 

Not Used 
Timer 0 (LB} 

TimerO (HB} 

Timer 1 (LB) 

Timer 1 (HB) 

STOPTimerO 

START Timer 0 
STOP Timer 1 

START Timer 1 

Timer 0 Mode 

Timer 1 Mode 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

*A write accesses the modulus register, a read the read buffer. 

R/W 

R/W 

R/W 

** 
w 
w 
w 
w 
w 
w 
w 
** 

w 
w 
w 
** 

* 

* 

* 

* 

w 
w 
w 
w 
R/W 

R/W 

** 

** 

** 

** 

** 

** 

**A read from an unused location reads invalid data, a write does not affect 
any operation of MPU81 OA. 

TABLE 11. MODE DEFINITION REGISTER BIT 
ASSIGNMENTS 

~I 7 6 5 4 3 2 1 

0 x x x x x x x 
1 x x x x x x 0 
2 x x x x x 0 1 

3 x x x x x 1 1 

0 

0 
1 

1 

1 

Corporation. x =don't care 
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TABLE Ill. BIT-SET AND CLEAR EXAMPLES 

Operation Set 87 
Clear 82 Set 84, 83 
and BO and 81 

Address xxx01101 xxx01001 xxx01101 
Data 10000000 00000101 00011010 
Port Pins 

Prior State 00001111 10001111 10001010 
Next State 10001111 10001010 10011010 

PORT FUNCTIONS-BASIC 1/0 

Basic 1/0 is the mode of operation of ports B and C and 
mode O of port A (defined by the MOR). Read and write 
byte operations, and bit operations can be executed in the 
basic 1/0 mode. The timing for basic input and basic out
put modes is shown in the AC Characteristics tables. 

When a read occurs, the information is latched from the 
peri~ral (port) bus during the leading (falling) edge of 
the RD strobe. When a write occurs, the ROrt bus is mod
ified after the trailing (rising) edge of the WR strobe with 
data from the AD bus. Port output data remains valid at 
the output pin from one trailing edge of WR strobe to the 
trailing edge of the next WR strobe which then modifies 
that port. 

PORTA-STROBED(HANDSHAKE)MODE 

Port A can be programmed (via the MOR) into one of 3 types 
of strobed mode for handshake communication with intel
ligent peripherals. When port A is in mode 1, 2 or 3 (see 
description of MOR), port C pins 0, 1 and 2 are used as 
handshake signals between the peripheral and the CPU. 
These handshake signals are designated STB, BF, and 
INTR. Timing parameters and timing diagrams are detailed 
under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low 
interrupt from the 1/0 to the CPU. In strobed 
input mode, the CPU reads the valid data at 
port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to port A. 
The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting ( = 1) or 
clearing ( = 0) the output data latch of bit 2, 
port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter
rupt signals to generate the INTR output. 
Reset clears this bit to zero, so it must be set 
to one to enable the INTR pin for strobed 
operation. Once the strobed mode of opera
tion is programmed, the only way to change 
the output data latch of PC2 is by using the 
Bit-Set and Clear instructions. The port C byte 
write command will not alter the output data 
latch of PC2 during the strobed mode of 
operation. 

STB (Strobe) is an active-low input from the 
peripheral device, signaling that data-trans
fer is about to begin. This strobe is inter
preted as an "output request" if port A is in a 
strobed output mode, or as a "data-valid" 
signal if port A is in strobed input mode. 
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BF (Buffer Full) is an output from the 1/0 to the 
peripheral signaling that data transfer is com
plete. In strobed input mode, this strobe indi
cates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode, BF indi
cates that the request from the peripheral has 
been processed by the CPU and the valid data 
now appears in port A. 

Note: In either input or output mode BF may be cleared by rewriting mode definition 
register. 

The bits of port C that are used for handshake control of port 
A (bits CO, C1 and C2) must be direction-defined appropri
ately in the DOR. Also, the DOR of port A must be consist
ent with the mode specified in the MOR. Register set-up 
configurations for the three handshake modes are illus
trated in Table IV. 

TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 

DOR DOR 
Port C 

Mode MOR 
Port A Port C 

Output 
Latch 

Strobed xxxxxx01 00000000 xxx011 xxx1xx 
Input 
Strobed xxxxx011 11111111 xxx011 xxx1xx 
Output 
(Active) 
Strobed xxxxx111 11111111 xxx011 xxx1xx 
Output 
(TRI-STATE) 

Strobed Input (Mode 1) 

During strobed input operations, an external device can load 
data into port A with the STB signal. Data is input to the PA0-
7 input latches on the leading (negative) edge of STB, 
causing BF to go high (true):On the trailing (positive) edge 
of STB the data is latched and the interrupt signal, INTR, 
becomes valid indicating to the CPU that data is available 
for reading. INTR will become valid only if the interrupt is 
enabled, that is the output data latch for PC2 is true. 

When the CPU reads port A, address X'OO, the trailing edge 
of the RD strobe causes BF and INTR to become inactive, 
indicating that the strobed input cycle has been completed. 

Strobed Output (Mode 2) 

During strobed output operations, an external device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CPU writing to 1/0 address X'OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
device. When the external device is ready to accept the data 
in port A it pulses the STB signal. STB will reset BF with its 
rising edge and also activates the INTR signal. 

INTR in this mode indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 

Strobed Output-TRI-STATE Mode (Mode 3) 

The strobed output TRI-STATE mode and the strobed out
put active (peripheral) bus mode function in a similar man
ner with one exception. The exception is that the data signals 
on PAO-7 assume the high i~dance state at all times 
except when accessed by the STB signal. Thus, in addition 



to its timing function, STB activates port A outputs to active 
logic levels. This mode 3 operation allows other data 
sources, in addition to the NSC810, to feed a common 
external device. 

TIMERS 
The two timers in the RAM-1/0-timer are 16-bit binary down
counters, each timer having six modes of operation. Full 
count is reached at "n + 1 ", where "n" is the value loaded 
into the modulus register. Read and write commands can 
occur at any time, asynchronous to timer operation by 
addressing the timer read buffer or modulus register, 
respectively. Each timer has a mode register and a write
only start/stop register. Each timer also has a prescaler 
which divides the incoming clock signal by a programmable 
value, extending the effective ranges of the timers while 
maintaining 16-bit precision. Selected timer outputs are 
-:- 1 or -:- 2 for timer 1, and -:- 1, -:- 2, or -:- 64 for timer 0. 
A diagram representing one timer and associated registers 
is shown in Figure 3. 

TIN(CLK) 

TG(GATE) 

Wll-

FIGURE 3. Timer Internal Block Diagram (One of Two} 

TIN, TOUT, AND TG 
Timer 0 has dedicated pins for its clock, TOIN, and its out
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1. If mode 1 ,2,3,4,5, or 6 is specified in TMR 1, the 
pins from port C (PC3, PC4, and PC5) are automatically 
made available to the timer(s) for gating (TG), T1 IN, and 
T1 OUT, respectively. These pins are also taken from port C 

any time timer O is in mode 2, 3, or 4. This is also automat
ically accomplished by writing TMR 0. In order to reconfi
gure pins PC3, PC4, PC5 to their original configuration as 
standard 1/0, the timer mode registers must be reset by 
selecting mode O or 7. 

TG (PC3), the timer gate, is used to hardware control the 
starting/stopping (or triggering) of the timers. The timer gate 
may be used individually by either timer or simultaneously 
by both timers. 

For modes 2 and 3, the timer starts on the gate-active tran
sition assuming the start address was previously written. If 
the timer gate makes an active transition prior to a write to 
the start address, the trailing edge of the WR strobe starts 
the timer. However, for mode 4 the timer always waits for an 
active g.ate edge following a write to the start address. 

The DOR for port C must be programmed with the correct 
1/0 direction for TG and the input and output of timer 1. See 
Table V for programming examples. 

TIMER MODES 

The low-order three bits (bits 0, 1, 2) of the timer mode reg
isters (TMR) define the mode of operation for the timers. 
Each TMR may be written to, or read from, at any time. 
However, to ensure accurate timing, it is importantto modify 
the mode of the timer only when the timer is stopped. Inputs 
of 000 or 111 will define a NOP (no operation) mode, the 
timer is stopped and the output is inactive. Inputs of 001 
through 11 O will select one of six distinct timer functions. 

In the explanations that follow, assume that the modulus for 
the timer is loaded with the appropriate value by writing to 
the low and high bytes of each timer (1/0 addresses X'1 O 
and X'11 for timer TO and X'12 and X'13 for timer T1 ). 
Assume also that the timer is started by writing the 1/0 
address X'15 (TO) or X'17 (T1) and the prescaler is not 
selected. 

Event Counter (Mode 1, TMR Bits = 001} 

In the non-gated mode, the count is decremented for each 
clock period at the input of the timer (see Figure 4a). When 
the count reaches zero, the output go~s valid and remains 
valid until the timer count is read by the CPU, or the timer is 
halted. 

The timer is reloaded at the terminal count ( = 0) with the 
modulus and continues to decrement even when the output 
is valid. 

TABLE V. TIMER PROGRAMMMING SECTION EXAMPLE 

Mode Register Bit 

7 6 5 4 3 2 1 0 

TIMER 0 

x x x x x 0 0 0 
0 x 0 0 0 0 0 1 
1 x 0 1 1 1 1 0 
1 0 0 0 1 1 0 0 
0 1 1 0 0 0 1 0 

TIMER 1 

x x x x x 1 1 1 
0 x 0 x 0 0 0 1 
1 0 1 x 1 1 0 1 
0 1 0 x 0 0 1 1 

x = don't care 

Output 
Sense 
Active 

L/H 

x 
L 
H 
H 
L 

x 
L 
H 
L 

Timer 
Gate 

Polarity 
Active 

L/H 

x 
x 
x 
H 
L 

x 
x 
L 
H 

Mode Description 

Single/Double 
Precision 

SID 

x 
D 
D 
D 
s 

x 
D 
s 
D 
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Prescale 
Value 

x 
-:- 1 

-:- 64 
-:- 2 
-:- 1 

x 
-:- 1 
-:- 2 
-;- 1 

Timing 
Mode 

0 
1 
6 
4 
2 

7 
1 
5 
3 

Port C DOR 

5 4 3 2 1 0 

x x x x x x 
x x x x x x 
x x x x x x 
1 0 0 x x x 
1 0 0 x x x 

x x x x x x 
1 0 0 x x x 
1 0 0 x x x 
1 0 0 x x x 



TABLE VI. MODE SELECTION 

BIT 2 1 0 Timer Function 

0 0 0 Timer Stopped and Reset 

0 0 1 Event Counter 

0 1 0 Event Timer (Stopwatch) 

0 1 1 Event Timer (Resetting) 

0 0 One Shot 

0 1 Square Wave 

0 Pulse Generator 

1 1 Timer Stopped and Reset 

Accumulative Timer (Mode 2, TMR Bits= 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid until the count is read by the CPU 
or the timer is halted. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 

Restartable Timer (Mode 3, TMR Bits = 011) 

In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until the 
gate again becomes active (see Figure 4c). If the timer is 
read when the gate is inactive, you will always read the value 
the timer has counted down to, not the value the timer has 
been reloaded with. The timer restarts at its modulus value. 
The prescaler is not reset at this time. 

At terminal count the output becomes valid and the timer is 
reloaded. The timer will continue to run as normal, the only 
difference is the output is valid. Once the output is valid it 
remains valid until the count is read by the CPU or the timer 
is halted. 
Note: The gate inactive time must be longer than the high time of the inter
nal clock on the chip. Therefore, with + 64 prescale selected the gate 
inactive time must be 33 input clcicks or greater. 

One Shot (Mode 4, TMR Bits = 100) 

In this gated mode, the timer holds the modulus count until 
the active gate edge (see Figure 4d). The output immedi
ately becomes valid and remains valid as the counter dec
rements. The gating signal may go inactive without affecting 
the count. If TG (the gate) becomes inactive and returns 
active prior to the terminal count, the modulus will be 
reloaded, retriggering the one shot period. When the timer 
reaches the terminal count, the output becomes inactive. 
The gate, in this mode, is edge sensitive; the active edge is 
defined in TMR. 
Note: The one shot cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it can
not be retriggered during the last clock, in divide by 2 prescaler, during the 
last two clocks and divide by 64 prescaler, during the last 64 clocks. 

Square Wave (Mode 5, TMR Bits= 101) 

In this non-gated mode, the output will go active as soon as 
the timer is started. The counter decrements for each clock 
period and complements its output when zero is reached 
(see Figure 4e). The modulus is then reloaded and count
ing continues. Assuming a regular clock input, the output 
will then be a square wave with a period equal to twice the 
value loaded into the modulus. Therefore, varying the mod-

ulus will vary the duty cycle of the square wave. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 

Pulse Generator (Mode 6, TMR Bits = 110) 

In this non-gated mode, the counter decrements for each 
clock period (see Figure 4f). When the timer decrements 
to zero, the output becomes valid for one clock width. 
With a prescale of divide by 2 the output will be valid for one 
full clock and with divide by 64 prescale the output will be 
valid for 32 clocks. The modulus is then reloaded and the 
sequence is repeated. Varying the modulus value will vary 
the frequency of the pulse. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 

TIMER MODE REGISTER 

The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is important 
to modify the mode when the timer is stopped. The timer 
mode is selected from one of six modes with TMR bits 0, 1, 
and 2. Bits 3 and 4 select the prescale value if the prescaler 
is to be used. Bits 5, 6 and 7 select the read/write 
mode, gate input polarity, and output sense (active-high or 
low). The bit functions of the TMR are further illustrated in 
Figure 6. 

TMR 7 6 5 4 3 2 1 0 

~
~TIMING MOOE 

~ PRESCALE VALUE 

SINGLE/DOUBLE PRECISION 

GATE INPUT POLARITY 

OUTPUT SENSE 

FIGURE 6. Timer Mode Register 

Timer Prescaler 

There is a prescale function associated with each timer. It 
serves as an additional divisor to lengthen the counts for 
each timer circuit. The value of the divisor is fixed and 
selectable in each TMR. 
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The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN); so, TOUT will be prescaled by the same value as the 
timer. Although the 16-bit prescaled count of the timer may 
be read, the internal value of the prescaler cannot be read 
by the user. A "00" for either timer represents 7 1 (no pre
scale). Timer O has the two possibilities of 7 2 or 7 64: 

Timer Bit 4 3 Prescale 
0 0 7 1 
0 ·1 7 2 
1 1 7 64 

Timer 1 has only the 7 2 prescale available; TMR bit 4 is a 
"don't care". 

Timer Bit 4 3 
x 0 
x 1 

Single/Double Precision 

Prescale 
7 1 
72 

A two-byte word (or a single byte when one byte is a "don't 
care") may be read from or written to the timers. To program 



Timer Mode Examples (Modulus register is loaded with 0004 for these examples) 

CLOCK 
COUNT 

WR 
(ADDRESS START) 

ilii 
(ADDRESS TIMER) 

OUTPUT ----------------------;.--. 
(ACTIVE·LDW 

INTERRUPT) 

CLOCK 
COUNT 

Wii----
(ADDRESS START) 

ilii 
(ADDRESS TIMER) 

GATE 
(ACTIVE-HIGH) _______ __. 

FIGURE 4a. Event Counter Mode (Mode 1) 

OUTPUT--------------------+--. 
(ACTIVE·LDW 
INTERRUPT) 

CLOCK 
COUNT 

Wii 
(ADDRESS START) 

FIGURE 4b. Accumulative Timer (Mode 2) 

f---+oNE CYCLE 

ilii-------+-------------+----...... --. 
(ADDRESS TIMER) 

GATE 
(ACTIVE-HIGH)--------

OUTPUT 
(ACTIVE-LOW) 

CLOCK 
COUNT 

Wii 
(ADDRESS START) 

GATE 

FIGURE 4c. Restartable Timer (Mode 3) 

(ACTIVE-HIGH) ---------....a 
OUTPUT 

(ACTIVE-LOW) 

'"~ COUNT 

FIGURE 4d. One Shot (Mode 4) 

.. ~.····~~ (ADDRESS START) 

OUTPUT 
(ACTIVE LDW) 

'"~ COUNT .. 
(ADDRESS START) 

OUTPUT 
(ACTIVE LOW) 

FIGURE 4e. Square Wave (Mode 5) 

FIGURE 4f. Pulse Generator (Mode 6) 
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TIN 

ADDRESS 

TIMER CLOCK FDR ------"" 
NON-GATED MODES 

(1,5,6) 

TG (GATING SIGNAL) 

(TMR 6=0) -------------.1 
TIMER CLOCK FDR -------------~ 

GATED MODES 
(2,3,4) 

INTERNAL TIMER ACTIVE 

Note: Diagonal lines indicate interval of invalid data. 
For mode 4 (one shot), only start-timing applies 
tw5r-WR set-up for starting timer 150 ns 

tw5p-WA set-up for stopping timer 150 ns 
t05r-TG (gate) set-up for starting timer 100 ns 
t05p-TG (gate) set-up for stopping timer 100 ns 

FIGURE 5. Start/Stop Timing 

the timer buffers, TMR bit 5 must be set as follows: . 
0-Double byte read or write low byte first, then high byte. 

The order of low byte first, high byte second must be 
maintained for proper Read/Write communications 

1-Single byte read or write low byte only-high byte "don't 
care" or high byte only with low byte "don't care." 

The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both bytes. 
The following example clearly illustrates this point. If the 
timer had a value of 200 when the low byte was read and 
then decremented to 1 FF before the high byte was read then 
the double byte mode would have read 00 and 02, respec
tively. The single precision mode would have read 00 and 
01. 
Note: In the double precision mode, the high byte should be read imme
diately after the low byte. Do not access any other registers or unused 
address location between the reads. 

Gate Input Polarity 

The TG input is the hardware control for starting and stop
ping the timers. For modes 2 and 3, the timer starts on the 
gate-active transition assuming the start address was pre
viously written. If the timer gate makes an active transition 
prior to a write to the start address, the trailing edge of the 
WR strobe starts the timer. However, for mode 4 the timer 
always waits for an active gate edge following a write to the 
start address. 
The polarity of the gate input may be selected by the con
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal will 
be active-high or positive edge for mode 4; if bit 6 equals 1, 
the gate polarity will be active-low or negative edge for 
mode4. 
Timer Output Polarity 

Like the gating function, the polarity of the output signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active-high 
output. 
The output for T1 is multiplexed with port C, bit 5. (Similarly 
T1 IN is multiplexed with portC, bit4.) When any timer mode 
other than .o or 7 is specified for T1 , or when mode 2, mode 
3, or mode 4 is specified to TO, the three port C pins, bit 3, 
bit4, and bit5, becomeTG, T1 IN, andT10UT, respectively. 
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TIMER PROGRAMMING 

The proper sequence to program the timer is as follows: 
1. Write timer mode register with mode O or 7 selected. This 
stops the timer, resets the prescaler, and sets internal clock 
high. 
2. Write timer mode register again, this time setting it up to 
your requirements. 
3. Write the modulus values, low byte first, high byte second. 
4. Start the timers. 
The timer output latches are only updated when the internal 
timer clock gets an active transition. The internal timer clock 
is defined as the output of the prescaler. Therefore, it is 
impossible to read back the value just written to the timer 
unless you have an active transition on the internal clock. 
To guarantee the integrity of the data during a read opera
tion, updates to the timer output latches are blocked out. If 
an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If contin
uous reads were made to the timers and an update was 
blocked out it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
occurred, the next update would occur at FD, thereby giving 
an appearance of the count FE being skipped. In actuality 
the correct number of clocks has occurred for the timer to 
read FD. 
Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written will 
get into the timer when the timer hits its terminal count and 
reloads its value. If the timer is stopped and a modulus is 
written the new modulus value will get into the timer only if 
the internal clock is high for some period before the start 
command. If it does not go high then the next time the timer 
hits its terminal count it will load the new modulus. One way 
to guarantee the data will get into the timer immediately is 
to follow steps 1-4. Although this procedure guarantees that 
the data will get into the timer you will not be able to read it 
back until you get an active transition on the internal clock. 
Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have internal clock signal be high for some period between 
the write of the mode register and the start of the timer. Once 
again steps 1 through 4 will reset the prescaler. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature Range ............................................................................ - 65°C to + 150°C 
Voltage at Any Pin with Respect to Ground .....................................•.................... - 0.3V to Vee + 0.3V 
Vee ......................................................................................................................... 7V 
P D' . t' 1W ewer 1ss1pa ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... 
Lead Temperature (Soldering, 1 O seconds) ................................................... J)/:i ............ 300°C 

OPERATING CONDITIONS Vee ~ 5V ± 10% S,,,,,, ,.,,~(/4f /fl/. 
1J<1r., $1$ ~ 

"1etric/"or., fi ,, 1"11t$ ll<;fs. 
DC ELECTRICAL CHARACTERISTICS TA= 0°C to 70°C, Vee= 5V ± 10%, GND = OV, unlesso•• ·~ "1&s.1;6~tieq11 )': 

&ctto OJ?, 

Symbol Parameter Conditions Min. Typ. Max. .... c1i.,llr;e, 

VIH Logical 1 Input Voltage 0.7 Vee 

VIL Logical O Input Voltage 0 

VoH Logical 1 Output Voltage loH = -1.0 mA 2.4 
louT = -10 µA Vcc-0.5 

Vol Logical O Output Voltage IOL = 2 mA 
louT = 10 µA 

Ill Input Leakage Current 05:.V1N5:.Vcc 

loL Output Leakage Current 0::;, V1N5:. v cc 

Ice Active Supply Current louT "'." 0, Timer = Mode 1, TOIN = 
T1 IN = 2.5 MHz, twcv = 750 ns 

la Quiescent Current No Input Switching, TA = 25°C 

C1N Input Capacitance 

CouT Output Capacitance 

Vee Power Supply Voltage 

Vo Av Data Retention Voltage 

LOW VOLTAGE OPERATION Preliminary 

Voltage MPU810A-1 MPU810A MPU810A-4 Units 

2.4 - 500 500 kHz 

3.0 - 1 1 MHz 
Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot 
be guaranteed. Continuous operation at these limits is not intended; operation should be limited to 
those conditions specified under DC Electrical Characteristics. 

TIMER AC ELECTRICAL CHARACTERISTICS 
Symbol Parameter Conditions 

Fe Clock Frequency 

FcP Clock Frequency Prescale Selected 

tcw Clock Pulse Width 

tcwP Clock Pulse Width Prescale Selected 

tGS Gate Set-Up Time With Respect to Negative Clock Edge 

tGH Gate Hold Time With Respect to Negative Clock Edge 

tco Clock to Output Delay CL= 100 pF 
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0 
0 

-10.0 

-10.0 

2.4 

1.2 

Vee v 
0.2 Vee v 

v 
v 

0.4 v 
0.1 v 
10.0 µA 

10.0 µA 

8 10 mA 

10 100 µA 

4 7 pF 

6 10 pF 

5 6 v 
v 

Ice vs Speed 

4500 3000 1500 1000 750 

twcv (ns) 

0 1 2 3 4 

MPUBDO CLOCK SPEED* (MHz) 
*When MPU801 A is used with NSC800 

Min Typ Max Units 

DC 2.5 MHz 

DC 5.0 MHz 

150 ns 

75 ns 

100 ns 

250 ns 

350 ns 

I 
I 



AC ELECTRICAL CHARACTERISTICS 

Symbol 

tACC 

tAH 

tALE 

tARW 

tAS 

toH 

too 

tos 

tPE 

tPH 

tps 

tpz 

tRB 

tRD 

tRDD 

tRI 

tRWA 

tss 

tsH 

ts1 

tss 

tsw 

tws 

tw1 

twR 

twcv 

Parameter 

Access Time from ALE 

AD0-7, CE, IOT/M Hold Time 

ALE Strobe Width (High) 

ALE to RD or WR Strobe 

AD0-7, CE, IOT/M Set-Up Time 

Data Hold Time 

Port Data Output Valid 

Data Set-Up Time 

Peripheral Bus Enable 

Peripheral Data Hold Time 

Peripheral Data Set-Up Time 

Peripheral Bus Disable 
(TRI-STATE®) 

RD to BF Output 

Read Strobe Width 

Data Bus Disable 

RD to INTR Output 

RD or WR to Next Ale 

STB to BF Valid 

Pe.!:!Qb_eral Data Hold with Respect 
toSTB 

STB to INTR Output 

Peripheral Data Set-Up With 
ResP.ect to STB 

STBWidth 

WR to BF Output 

WR to INTR Output 

WR Strobe Width 

Width of Machine Cycle 

MPU MICROCOMPUTER 
FAMILY BLOCK DIAGRAM 

D 
XIN Vee 

MPU600 
(CPU) 

Conditions 
MPU810A-1 

Min 

CL= 150pF 

100 

200 

150 

100 

150 

100 

150 

100 

400 

0 

125 

150 

100 

400 

400 

3000 

181 

181 

Rllt-----+---H 
Wiit-----+--Wll 

IO!M t--+-+---+---+I IOTIM 

RESET 

CE 

Wll 

101M 

RESET 
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Max 

1000 

350 

320 

150 

300 

100 

320 

300 

300 

340 

320 

Vee 

M~~~DA 

Tl~~R 

Vee 

MPU830 
R
1
0
0
M 

MPU810A 

Min 

60 

125 

120 

75 

90 

80 

125 

75 

320 

0 

100 

125 

75 

320 

320 

1200 

Max 

400 

310 

200 

150 

300 

100 

320 

300 

300 

340 

320 

PORTA 
SHITS 

PORTB 
BBITS 

PtlRTC 
481TS 

MPU810A-4 
Units 

Min Max 

300 ns 

30 ns 

75 ns 

75 ns 

40 ns 

40 ns 

300 ns 

50 ns 

200 ns 

100 ns 

50 ns 

150 ns 

300 ns 

220 ns 

0 75 ns 

300 ns 

75 ns 

300 ns 

100 ns 

300 ns 

50 ns 

220 ns 

300 ns 

300 ns 

220 ns 

750 ns 



AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

U'-10% 
---.1/1:;:20% 

TIMER WAVEFORMS 

CLK 

GATE 

OUTPUT 
(ACTIVE LOW) 

GENERAL TIMING WAVEFORMS 

ALE 

TLIC/5517·3 

lcwP 

tcw 

DEVICE 
UNDER 
TEST 

14--~~-,~,~~~

--~~~~~~~-

tco 

Read Cycle (Read from RAM, Port or Timer) 

tco 

PERIPHERAL '77,'?J!)j'i'i';"i!i,i/Jj/'i'i';~.:F--:~~:".".:"°--""7i,'?J!)j'i'i';"i!i,i!Jj'7J,'!fJJ."7j'7J,'f77Ji!Jj'7J;'iJJJ,i!Jj'iii, 
(PORT)BUS ...,"""'*"*'"""'"""'*"*'rJIJ'..,_ ___ ...., ___ il:"~""'"""'*"*'"""'"""'*""'"""'l.l.l.A*""'"""'l.l.l.A*""'"""'l.l.l.A~ 

Note: Diagonal lines indicate interval of invalid data. 

Write Cycle (Write to RAM, Port or Timer) 

IOT /M ""~"""""""'"'"'""""-Jr-~~~~~LJrm""""'~"""""""'"'"'"""""-"""""""-""""""'"""""""!"!"J'. 
CE ... "'-J.~"*'"*'~rlio_....::,:;.;;;;.:,_....;f"j~~~"""""""""""""'-J."'-J."'-J."'-J."*'""'fi*'*"*'*"*"" 

ALE 

PERIPHERAL 
(PORT) BUS """'""""°"",...""""°"",...""""""',...""""°"",...""""-,...""""-,... __ ,... ___ ._ ___ _ 

Note: Diagonal lines indicate interval of invalid data. 
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HANDSHAKE TIMING 
Strobed Mode Input 

BF 

ALE 

PORT A 

AD (0-7) -

Note: Diagonal lines indicate interval of invalid data. 

Strobed Mode Output 

AD(0-7) ~ PORTAADDR ~"--D-AT-A-IN--

ALE \ c 
WR 

tw1 -ts1 

INTR 

BF 

STB 

Note: Diagonal lines indicate interval of invalid data. 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica· 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 

I 

MPU 830 ROM 1/0 Device 
MPU 831 1/0 Device 

MPU830 
MPU 831 
PRELIMINARY 

FEATURES PIN CONFIGURATION 
D Variable Power Supply: 2.4V-6.0V 
D Pin-Compatible With NSC830/NSC831 

PAO 40 Vee PAO 40 Vee 
D Three; Programmable 1/0 Ports AB 2 39 PA1 39 PA1 

D 2K x 8 Read Only Memory (MPU830) A9 3 38 PA2 3 38 PA2 

D Very Low Power Consumption A10 4 37 PA3 4 37 PA3 
RESET s 36 PA4 RESET s 36 PA4 

D Fully Static Operation CE0/CE0* 6 3S PAS CE0 6 3S PAS 

D Single Instruction 1/0 Bit Operations 101"M 34 PA6 Vee 7 34 PA6 

D Bus Compatible With MPU800 Family IOR/CE1/CE1* 33 PA? CE, 33 PA? 
RD 32 PCO/INTR RD 9 32 PCO/INTR 

D Strobed Mode Available on Port A WR 10 MPU830 31 PC1/BF WR 10 MPU831 31 PC1/BF 
ALE 11 30 PC2/STB ALE 11 30 PC2/STB 
ADO 12 29 PC3 ADO 12 29 PC3 
AD1 13 28 PBO AD1 13 28 PBO 
AD2 14 27 PB1 AD2 14 27 PB1 
AD3 1S 26 PB2 AD3 1S 26 PB2 
AD4 16 2S PB3 AD4 16 2S PB3 
ADS 17 24 PB4 AD5 17 24 PB4 
AD6 18 23 PB5 AD6 18 23 PB5 
AD? 19 22 PB6 AD? 19 22 PB6 

Vss 20 21 PB? Vss 20 21 PB? 

*Pin 6 is mask programmable as CE0 or CE0 *Tie pins 2, 3 and 4 to either Vee or V55. 

GENERAL DESCRIPTION 

The MPU830 is a combination ROM and 1/0 
peripheral device contained in a standard 40 pin 
package. 

The ROM is comprised of 16,384 bits of Read 
Only Memory organized as 2048 by 8. 

The 1/0 portion consists of 20 programmable 
input/output bits arranged as three separate ports, 
with each bit individually definable as an input or 
output. The port bits can be set or cleared individ
ually and can be written or read in bytes. Several 
types of strobed mode operations are available 
through port A. 

The MPU831 is similar to the MPU830 except 
that is contains no ROM. The MPU831 is useful for 
prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 

Pin B is mask programmable as IOR, CE,, or CE, 

(2-4) 

(12-19) 

ADO-A07·-·~ 

ROM 
16.384BITS 

(2048x8) 

ADDRESS 
BUFFERS 

ADDRESS/ 
DATA 

BUFFERS 
ANO 

LATCHES 

Figure 1 

INTERNAL 
DATA 
BUS 

Note: Appl1cablep1nout!or40-P•., dual·•n-lme package w1th1n parentheses 
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PORTA 

(1.33·39) 

(21-28) 

129-32) 

PCO-PCJ 
HANDSHAKE 

BLOCK DIAGRAM 

I 
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DESCRIPTION OF PIN FUNCTIONS 

PINNO. NAME SYMBOL FUNCTION 

40 + 5Volt Vee + 5 volt supply 

20 Ground GND Ground 

Input Signals 

5 Master Reset RESET An active-high input on the RESET pin initializes the chip causing the three 
110 ports (A, Band C) to revert to the input mode. The three ports, the three 
data direction registers and the mode definition register are reset to 
low(O). 

7 Input/Output/Memory 10/M The 10/M pin is a latched, select input line. A high (1) input selects the 1/0 
Select portion of the chip; a low (0) input selects the ROM portion of the chip. The 

select input is latched by the trailing edge (high to low transition) of the ALE 
signal. 

6 Chip Enable 0 CEO/CEO The chip enable inputs are mask programmable at the factory. The CE 
8 Chip Enable 1 IOR/CE1 /CE1 inputs permit the use of multiple MPU830s in a system without using a chip 

select decoder. The CE inputs must be active at the falling edge of ALE. 
At ALE time, the CE inputs are latched to provide access to the Mi:1J830. 
The IOR inpu~rforms the same function as the combination of 10/M input 
high and the RD input low. 

9 Read RD When the RD (or the IOR, when mask programmed) input is an active low, 
data is read from the ADO-AD? bus. When both RD and IOR are high, the 
ADO-AD? bus is in the high impedance state. 

10 Write WR When the CE inputs are active, and the 10/M input is high, an active low 
WR input causes the selected output port to be written with the data from 
the ADO-AD? bus. 

11 Address Latch Enable ALE The trailing edge (high to low transition) of the ALE input signal latches the 
address/data presen!_pn the ADO-AD? bu~8-A 10 bus, plus the input 
control signals on 10/M, CE0 /CE0 , and CE,/CE,. 

2-4 Address Bus A8-A10 AS, A9-A10 The high-order bits of the ROM address are input on this 3-bit bus and are 
latched by the high-to-low transition of the ALE input. These bits do not 
affect the 110 operations. 

Input/Output Signals 

12-19 Bidirectional Address/ ADO-AD? The lower 8 bits of the ROM or 1/0 address are applied to these pins, and 
Data Bus latched by the trailing edge of ALE. Du~ read operations, 8 bits are pres-

ent on these pins, and are read when RD or IOR is low. During an 110 write 
cycle, Port A, B, or_Qjs written with the data present on this bus at the 
trailing edge of the WR strope. 

1, 39-33 Port A, Bits 0-7 PAO-PA? These are general purpose 1/0 pins. Their input/output direction is deter-
28-21 Port B, Bits 0-7 PBO-PB7 mined by the contents of the Data Direction Register (DDRs). 
32-29 Port C, Bits 0-3 PCO-PC3 

FUNCTIONAL DESCRIPTION MODE DEFINITION REGISTER (MOR) 
Refer to Figure 1 for a detailed block diagram of the 
MPU830. 

The Mode Definition Register (MOR) defines the operating 
mode for Port A. While Ports Band Care always in the basic 
1/0 mode, there are four operating modes for Port A: Read Only Memory (ROM): The memory portion of the 

ROM-1/0 is accessed by a.Q_ 11-bit address input to pins ADO
AD7 and A8-A 10. The 10/M input must be low (ROM select) 
and the chip enable pins in the active programmed state at 
the falling edge of ALE to address the ROM. Timing for ROM 
read and write operations is shown in the timing diagrams. 
Input/Output (1/0): The. 1/0 portion of the MPU830 con
tains three sets of 1/0 called Ports. There are two ports (A 
and B) which contain 8 bits each and one port (Port C) which 
has 4 bits. Any bit or combination of bits in a port may be 
addressed with Set or Clear commands. A port can also be 
addressed as an 8-bitword (4 bits for PortC). When reading 
Port C, bits 4-7 will be read as ones. All ports share common 
functions of Read, Write, Bit-Set and Bit-Clear. Additionally, 
Port A is programmable for strobed (handshake) mode input 
or output. Port C has a programmable second function for 
each bit associated with strobed modes. Table 1 defines 
the address location of the ports and control registers. 
*TRI-STATE~; is a registered trademark of National Semiconductor 
Corporation. 

Mode 0-Basic 1/0 (Input or Output) 
Mode 1-Strobed Mode Input 
Mode 2-Strobed Mode Output 

• Active Peripheral Bus 
Mode 3-Strobed Mode Output 

•TRI-STATE® (high impedance) 
Peripheral Bus 

The MOR has the 1/0 address assignment XXX00111. The 
bit configuration for the mode selection is illustrated below: 

Mode 
7 6 5 4 

Bit 

3 2 1 0 

0 x x x x x x x 0 
1 x x x x x x 0 1 
2 x x x x x 0 1 1 
3 x x x x x 1 1 1 

NOTE: X = don't care 
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Table 1. 1/0 and Address Designations 

8-Bit Address Field 

Bits 

7 6 5 4 3 2 1 0 

x x x x 0 0 0 0 

x x x x 0 0 0 1 

x x x x 0 0 1 0 

x x x x 0 0 1 1 

x x x x 0 1 0 0 

x x x x 0 1 0 1 

x x x x 0 1 1 0 
x x x x 0 1 1 1 

x x x x 1 0 0 0 
x x x x 1 0 0 1 

x x x x 1 0 1 0 
x x x x 1 0 1 1 

x x x x 1 1 0 0 

x x x x 1 1 0 1 

x x x x 1 1 1 0 

x x x x 1 1 1 1 

NOTE: X = don't care 

DATA DIRECTION REGISTERS (DOR) 

Each port bit has a data direction register (DOR) which 
defines the 1/0 state of the bit. The bit is configured as an 
input if a "O" is written into its DOR, or as an output if a "1" 
is written. The DOR bits cannot be individually written to: 
the entire DOR byte is affected by a write to the DOR 
address. Thus all data must be consistent with the direction 
desired for each port. 

Any write or read operations on a port contradicting the DOR 
will not affect the port output or input. However, a read of a 
port bit defined as an output will cause a read from the out
put latch, and a write to a port bit defined as an input will 
modify the output latch. 

PORT FUNCTIONS-BASIC 1/0 

Basic 1/0 is the mode of operation of Ports B and C and 
mode O of Port A (defined by the MOR). Read, write, and bit 
operations can be executed in the basic l/Omode. The tim
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 

When a read occurs the information is latched from the 
peripheral bus on the leading (falling) edge of the RD strobe. 
When a write occurs the_QQ[t bus is modified after the trail
ing (rising) edge of the WR strobe with data from the AD 
bus. Port output data remains valid on the output pin from 
one trailing edge of WR strobe to the trailing edge of the 
next WR strobe. 

BIT OPERATIONS 

The 1/0 features of the ROM-1/0 allow modification of a sin
gle bit or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data on the address/ 
data bus is latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing "1 s" will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with "Os" cause the cor
responding port bits to remain unchanged. Three sample 
operations are given, using Port Bas an example: 
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Designation 
1/0 Port, etc. 

Port A (byte) 

Port B (byte) 

Port C (byte) 

Not Used 

DOR - Port A 

DOR - Port B 

DOR - Port C 

Mode Definition Register 

Port A - Bit Clear 

Port B - Bit Clear 

Port C - Bit Clear 

Not Used 

Port A - Bit Set 

Port B - Bit Set 

Port C - Bit Set 

Not Used 

Operation SetB7 

Address XXX01101 
Data 10000000 
Port Pins 
Prior State 00001111 
Next State ·.10001111 

INTERNAL 
DATA BUS 

WR (DOR) 

(DATA DIRECTION) 

R (Read) 
W (Write) 

R/W 

R/W 

R/W 

-
w 
w 
w 
w 
w 
w 
w 
-
w 
w 
w 
-

BitB2 Set B4, B3 
and BO and B1 

XXX01001 XXX01101 
00000101 00011010 

10001111 10001010 
10001010 10011010 

INPUT DATA 
LATCH 

FIGURE 2. Block Diagram for Port Bit (i) 

PORTA-STROBED(HANDSHAKE)MODE 

Port A can be programmed (via the MOR) into one of 3 types 
of strobed mode for handshake communication with intel
ligent peripherals. When Port A is in mode 1, 2, or 3 (see 
description of MOR), Port C pins 0, 1, and 2 are used as 
signals to and from the peripheral and to the CPU, control
ling handshake operations. These control signals are des
ignated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 

I 



(Strobe Mode Interrupt) is an active-low 
interrupt from the 1/0 to the CPU. In strobed 
input mode, the CPU reads the valid data at 
Port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to Port A. 
The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting ( = 1) or 
clearing ( = 0) the output data latch of bit 2, 
Port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter
rupt signal to generate the INTR output. Reset 
clears this bit to zero, so it must be set to one 
to enable the INTR pin for strobed operation. 
Once the strobed mode of operation is pro
grammed, the only way to change the output 
data latch of PC2 is by using the Bit-Set and 
Clear instructions. The Port C byte write 
command will not alter the output data latch 
of the PC2 during the strobed mode of 
operation. 

(Strobe) is an active-low input from the 
peripheral device, signaling that data trans
fer is about to begin. This strobe is inter
preted as an "output request" if Port A is in a 
strobed output mode, or as a "data valid" sig
nal if Port A is in strobed input mode. 

BF (Buffer Full) is an output from the 1/0 to the 
peripheral signaling that data transfer is com
plete. In strobed input mode this strobe indi
cates that data is received into Port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode the BF 
indicates that the request from the peripheral 
has been processed by the CPU and the valid 
data now appears in Port A. 

The bits of Port C that are used for handshake control of 
Port A (bits CO, C1, and C2) must be direction-defined 
appropriately in the DOR. Also, the DOR of Port A must be 
consistent with the mode specified in the MOR. Register set
up configurations for the three handshake modes are illus
trated in Table 2. 

Table 2. Mode Definition Register Configurations 

DOR DOR Porte 
Mode MOR Port A Porte Output 

Latch 
Strobed XXXXXX01 00000000 XXX011 XXX1XX Input 

Strobed 
Output XXXXX011 11111111 XXX011 XXX1XX 
(Active) 

Strobed 
Output XXXXX111 11111111 XXX011 XXX1XX (TRI-
STATE) 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature Range ............................................................................ - 65°C ta + 150°C 
Voltage at Any Pin With Respect to Ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.3V to Vee + 0.3V 
Vee ......................................................................................................................... 7V 
Lead Temperature (Soldering, 1 O seconds) ........................................................................... 300°C 
Power Dissipation ......................................................................................................... 1 W 

Note: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. Continuous operation 
at these limits is not intended; operation should be limited to those conditions specified under DC ~ 

DC ELECTRICAL CHARACTERISTICS TA ~ O'C to 70"C, Voe ~ SV ± 10%, GND ~ ., ~~''"''"'"" 
Ille P11rame~~;~ not" lina1 }' 

Symbol Parameter Test Conditions Min Typ ~-s:t;~11ca11on 
VIH Logical 1 Input Voltage ~ 0.7Vcc v. cc 
VIL Logical O Input Voltage 0 0.2 Vee v 

VoH Logical 1 Output Voltage 
loH = -1.0mA 2.4 v 

louT = -10 µ.A Vee -0.5 v 

VoL Logical 0 Output Voltage 
loL = 2mA 0 0.4 v 

louT = 10 µ.A 0 0.1 v 

l1L Input Leakage Current o~ v,N~ Vee -10.0 10.0 µ.A 

loL Output Leakage Current o~ v,N ~Ve~ -10.0 10.0 µ.A 

Ice Active Supply Current louT = Q, twcy = 750 nS 8 10 mA 

la Quiescent Current No Input Switching, TA = 25°C 10 100 µ.A 

C,N Input Capacitance 4 7 pF 

Cour · Output Capacitance 6 10 pF 

Vee Power Supply Voltage 2.4 5 6 v 
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LOW VOLTAGE OPERATION Preliminary 

Voltage MPUB31-1 MPUB31 MPU831-4 

2.4 - 500 500 

3.0 - 1 1 

AC TESTING INPUT/OUTPUT WAVEFORM 

700/o 700/o 
200/o 200/o 

AC TESTING LOAD CIRCUIT 

DEVICE 
UNDER 
TEST 

~ 15DpF 

AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

tACC Access Time from ALE 

tAH ADO-AD?, CE, IOT/M Hold Time 

tALE ALE Strobe Width (High) 

tARW ALE to RD or WR Strobe 

tAS ADO-AD?, CE, IOT/M Set-Up Time 

toH Data Hold Time 

too Port Data Output Valid 

tos Data Set-Up Time 

tpe Peripheral Bus Enable 

tPH Peripheral Data Hold Time 

tps Peripheral Data Set-Up Time 

tpz Peripheral Bus Disable 
(TRI-STATE®) 

tRB RD to BF Output 

tRD Read Strobe Width 

tRDD Data Bus Disable 

tRI RD to INTR Output 

tRWA RD to WR to Next ALE 

tss STB to BF Valid 

tsH Pe.!!Qb_eral Data Hold With Respect 
toSTB 

ts1 STB to INTR Output 

tss Peripheral Data Set-Up With 
Respect to STB 

tsw STBWidth 

tws WR to BF Output 

tw1 WR to INTR Output 

tWR WR Strobe Width 

twcv Width of Machine Cycle 

Units 

kHz 

MHz 

Test 
Conditions 

CL= 150pF 
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Ice vs. SPEED 

45DD 3DDD 15DD 1DDD 750 

twcv (ns) 
1 2 3 

MPU800 CLOCK SPEED* (MHz) 
*WHEN MPU830/MPU831 'C! llSED WITH MPUBOO 

~,,~ 
MPU830-1 MPU830 7-.. s0rn Nor1ce:1ri'l./111J11V: 
MPU831-1 MPU831 ~ine!~;1norafina1 ~Ii)': 

in11s <ire spf>cift 
Min Max Min Max Min l\iicaA ~ec1r~a1t"· 

1000 400 300 ns c nge, 

100 60 30 ns 

200 125 75 ns 

150 120 75 ns 

100 75 40 ns 

150 90 40 ns 

350 310 300 ns 

100 80 50 ns 

320 200 200 ns 

150 125 100 ns 

100 75 50 ns 

150 150 150 ns 

300 300 300 ns 

400 320 220 ns 

0 100 0 100 0 75 ns 

320 320 300 ns 

125 100 75 ns 

300 300 300 ns 

150 125 100 ns 

300 300 300 ns 

100 75 50 ns -
400 320 220 ns 

340 340 300 ns 

320 320 300 ns 

I 
I 

400 320 220 ns 

3000 1200 750 ns 



GENERAL TIMING WAVEFORMS 
Read Cycle (Read from R~M or Port) 

101;;; 
CE 

AO (0-7) 

ALE 

PERIPHERAL 
(PORT) BUS 

Note Diagonal Imes 1nd1cate interval of invalid data 

Write Cycle (Write to Port) 

Note: Diagonal lines indicate interval of invalid data 

MICROCOMPUTER FAMILY BLOCK DIAGRAM 

a 
CLK XD~T XIN Vee GND 

:m: INfil 

RSTA. ii. t 
ADD·AD7 -- NM! 

lili 
SD 

S1 RD 

MPU810A 
A13 

CE RAM 

RD 
110 

TIMER 
RFSH MPUBOO 

WR 

BRED CPU ALE 
WR 

ALE 

Bili 10/M IDT/M 

RESET OUT RESET 

Vee GNO 
ADD·AD7 

AB·A10 

EEo MPUBJO 

rr; ROM 

RD 
110 

WR 
ALE 

10/M 
RESET 
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PORTA 
BBITS 

PORTS 
BBITS 

PDRTC 
681TS 

-TIMER DIN 

TIMER 0 OUT 

PORTA 
BBITS 

PORTS 
BBITS 

PDRTC 
4BITS 



HANDSHAKE TIMING 

Note: Diagonal lines mdicate interval of invalid data 

101M '7JJl!llJJJ!JJi 
CE D1d/d 

A0(0-7) 

ALE 

Strobed Mode Output 

Strobed Mode Input 

-too:-L ACTIVE(MOOE2) x 

""''"'{_ !!'!!!'!!'2!'!!. - - _ :·:·_ - - - - - - - ~' -~ - - - - -
Note: Diagonal Imes indicate interval of invalid data 

APPROVED FORMATS FOR CUSTOM PROGRAMMED PARTS 

Input Medium: 
2716 EPROM 
2708 EPROM 

IMPORTANT-EPROM LABELING 

Only one customer program may be included in a single 
order. The following method must be used to identify the 
EPROMs comprising a program. 

a. The EPROMs used for storing a custom program are 
designated as shown: 

2716: Block A 

2708: Block A 
Block B 

0-2047 

0-1023 
1024-2047 
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b. All EPROMs must be labeled (stickers, paint, etc.) with 
this block designation plus a customer assigned print or 
identification number. 

Example: 

1. Customer Data 
•Custom Program Length-2K 
• Medium-Two 2708s 
•Customer Print or l.D. No. C123-45 

2. EPROM Labels 

C123-45 
A 

0-1023 

C123-45 
B 

1024-2047 

I 
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Verification 
You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 
You will be asked for GO/NO GO response within one week 
after you receive the listing. 

VERIFICATION LISTING 

The verification listing has six sections: 

1. A cover sheet with provision for "STOP, DO NOT PRO
CEED" or "VERIFICATION CERTIFIED" signatures. 

2. Description of the options you have chosen. 
3. A description of the log designations and assumptions 

used to process the data. 
4. A listing of the data you have submitted. 
5. An error summary. 
6. A definition of the standard logic definitions for the ROM 

and the reduced form of the data. This list shows the out
put word corresponding to each address coded in binary. 

ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 

The following information must be submitted with each custom .ROM program. An order will not be processed unless 
it is accompanied by this information. 

Person (Customer, Sales Representative, etc. )to whom SMC PART NUMBER AND PACKAGE 
Verification Package be sent: 

Name ROM Letter Code (SMC Use Only) 

Company Customer Name and Location 

Address Customer Print or l.D. Number for this ROM Program 

City, State, and Zip Code Purchase Order Number 

Person (Customer) SMC Can Contact for Device Marking Instruction (Unless otherwise instructed. 
Technical Questions SMC will always mark devices with Date Code, SMC 

Part No., and ROM Code. Any additional marking should 
be shown below.) 

Telephone Number 

Sales Representative Customer Service Representative 

INPUT MEDIUM 

See following page for approved formats. Please check 
the medium you are using. 

OPTIONS FOR MPU830 ROM-1/0 

Option 1 = D 
CE0 Select, enter: 0 for CE0 

1 for CE0 D 2716 EPROM 
D 2708 EPROM 
__ Total number of EPROMs 

Option 2 = D 
CE,/IOR Select, enter: O for IOR 

1 for CE, 
2 for CE, 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIONaii== 

Package Outlines 
14, 16, 18, 20 PIN HERMETIC PACKAGE 

DIM 

~[~~]] 
I A ~F~1 

A 

c 
D 

F. 

G 

fil-!-
mffllm=1-f[\ 
-[f-o I I \ '1 -1 M V 

-j G - SEATING PLANE -L-J 

J 
K 
L 

M 

N 

24, 28, 40 LEAD HERMETIC DIP 
DIM 

~c:~~~~c::r~~J ~:~. 
·~~-D E==-- T 
• ~ - -0010NOM ~11-0040 TYP 1-- I 

PIN SPACING -f-0.018 TYP .600 REF-

A 

B 

c 
D 

E 

F 

-I 0750 I 

l~ 
~ -11~ 1~~ 

TYP TYP TYP 

ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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14 LEAD 16 LEAD 18 LEAD 20 LEAD 

MIN MAX MIN MAX MIN MAX MIN MAX 

.670 .760 .790 .810 .885 .915 .965 .995 

.175 .175 .175 .175 

.015 .021 .015 .021 .015 .021 .015 .021 

.048 .060 .048 .060 .048 .060 .048 .060 

.090 .110 .090 .110 .090 .110 .090 .110 

.008 .012 .008 .012 .008 .012 .008 .012 

.130 .170 .130 .170 .130 .170 :130 .170 

.295 .325 .295 .325 .295 .325 .295 .325 

10° 100 10° 10° 

.025 .060 .025 .060 .025 .060 .025 .060 

24 LEAD 28 LEAD 40 LEAD 

MIN MAX MIN 

1.188 1.212 1.386 

.568 .598 .568 

.590 .610 .590 

.070 .090 .070 

.025 .060 .025 

.130 .170 .130 

~\ u:) 

CO[] 

MAX 

1.414 

.598 

.610 

.090 

.060 

.170 

14 LEAD PLASTIC DIP 

MIN MAX 

1.980 2.020 

.568 .598 

.590 .610 

.070 .090 

.025 .060 

.130 .170 

I 



8 LEAD PLASTIC DIP 

rW ~·-------· 
I 400MAX I 

.018TYPJ ld , TYP 

.060 
TYP 

.012 ± 0.002 

18 LEAD PLASTIC DIP 

~ 
\~ 

1~:::::::1 [(] 
~ ""'"~ 

-

1.! -1~ 1!2"21 ~ ~ TYP TYP TYP 

16 LEAD PLASTIC DIP 

20 LEAD PLASTIC DIP 

-~---Lfuvv---- ............... ............-1 

1,050 MAX 

~l[==~n 
TYP TYP TYP TYP 

.012 ± 0.002 

24, 28, 40 PIN PLASTIC DIP 

24 LEAD 28 LEAD 40 LEAD 

DIM MIN MAX MIN MAX MIN MAX 

A 1.245 1.255 1.445 1.455 2.045 2.055 
0---PIN 1 IDENTIFICATION c .145 .155 .145 .155 .145 .155 

D .018 TYP .018TYP .018 TYP 

I I 
F .060TYP .060TYP .060TYP 

G .099 .101 .099 .101 .099 .101 

·~--------~ c ======== 
L --------

+ M ~I~, 
J .010 .014 .010 .014 .010 .014 

K .130 .170 .130 .170 .130 .170 

L .645 .675 .645 .675 .645 .675 

M .210 .210 .210 
ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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STANDARD MICROSYSTEMS 
CORPORATION, 

I 

Cerdip Package Outlines 
8 LEAD CERDIP PACKAGES 14, 16, 18, 20 LEAD CERDIP PACKAGES 

0 
I~~~~~[~] 
cf~:::] 

J]~l--~ JL 
24, 28, 40 LEAD CERDIP PACKAGES 

w 
J 

DIM 8LEAD 14 LEAD 16 LEAD 18 LEAD 20 LEAD 24 LEAD 28 LEAD 40 LEAD 

A .400 MAX .785MAX .810 MAX .915 MAX .970 MAX 1.280 MAX 1.460 MAX 2.070 MAX 

B .245-.295 .244-.295 .244-.295 .265-.295 .265-.295 .510-.595 .510-.595 .510-.595 

c .160 MAX .160 MAX .180MAX .180 MAX .180 MAX .180 MAX .180 MAX .180 MAX 

D .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 

E .290-.320 .290-.320 .290-.320 .310-.330 .310-.330 .590-.620 .590-.620 .590-.620 

F .050-.070 .050-.070 .050-.070 .050-.070 .050-.070 .050-.070 .050- .070 .050-.070 

G .100±.010 .100::!: .010 .100±.010 .100::!: .010 .100::!: .010 .100±.010 .100::!: .010 .100-.010 

H - .065 TYP .020TYP .040TYP .020TYP .045 TYP .045 TYP .045 TYP 

J .008-.012 .008-.012 .008-.012 .008-.012 .008-.012 .008-.012 .008-.012 .008-.012 

L .400 MAX .400 MAX .400 MAX .400 MAX .400 MAX .700MAX .700 MAX .700 MAX 

M .240-.300 .240-.300 .240-.300 .240-.300 .240-.300 .240-.300 .240-.300 .240-.300 

K .125 MIN .125 MIN .125 MIN .125 MIN .125 MIN .125 MIN .125 MIN .125 MIN 
ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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SALES REPRESENTATIVES 
ALABAMA IDAHO MISSOURI (No. Ohio, Cleveland) 
Microsystems Sales SDR2 Products & Sales Co. Abrams & Assoc. Thompson Associates 

AREA SALES Box 169147 14230 N.E. 8th Street 67 Ladue Estates 23715 Mercantile Rd. 
MANAGEMENT OFFICES 8411 Sterling Street Bellevue, WA 98007 St. Louis, MO 63141 Beachwood, OH 44122 

Suite 102 (206) 747-9424 (314) 569-0447 (216) 831-6277 
EASTERN AREA 

:~~~r2~rn~~3 TWX 810-427-9453 
IOWA MONTANA 35 Marcus Boulevard 

TWX 910-997-0646 Quantum Sales SDR2 Products & Sales Co. OKLAHOMA Hauppauge, NY 11788 
10800 Normandale Blvd. 14230 N.E. 8th Street Technology Sales Co. (516) 273-3100 

TWX 510-227-8898 ARIZONA Bloomington, MN 55437 Bellevue, WA 98007 4851 Keller Springs Rd. 
TELEX 221646 RELCOM Inc. (612) 884-4700 (206) 747-9424 Suite 103 

4314 E. Tonto St. Dallas, TX 75248 
WESTERN AREA Phoenix, AZ 85044 ILLINOIS NEBRASKA (214) 380-0200 
Turk Enterprises (602) 893-1209 METCOM Associates Corp. S.W. Wollard Co. 
2172 Dupont Dr., Patio Bldg. Two Talcott Road Rwral Route 1 Box 66A OREGON 

ARKANSAS Park Ridge, IL 60068 Parker, KS 66072 SDR2 Products & Sales Co. 
Irvine, CA 92715 
(714) 955-1575 Technology Sales Co. (312) 696-1490 (913) 898-6552 1056 N.E. Birchaire Lane TWX 910-595-2635 4851 Keller Springs Rd. 

NEVADA 
Hillsboro, OR 97123 

Suite 103 IN DIANA (503) 796-1350 SOUTHERN AREA Dallas, TX 75248 Wilson Technical Sales, Inc. RELCOM Inc. 
(214) 380-0200 P.O. Box 40699 4314 E. Tonto St. PENNSYLVANIA 

Microsystems Sales 

Indianapolis, IN 46240 Phoenix, AZ 85044 (Eastern) 
Box 169147 

CALIFORNIA (317) 298-3345 (602) 893-1209 Triteck Sales Inc. 
8411 Sterling Street 
Suite 102 (Southern) TWX 810-341-3264 

NEW JERSEY 
21 E. Euclid Ave. Irving, TX 75063 Varigon Associates Haddonfield, NJ 08033 

137 Eucalyptus Drive KANSAS (Northern) (215) 627-0149 
(214) 252-5548 

El Segundo, CA 90245 S.W. Wollard Co. Lorac Sales Electronics Inc. TWX 710-896-0881 
TWX 910-997-0646 

(213) 322-1120 Rural Route 1 Box 66A 550 Old Country Rd. 
NO. CENTRAL AREA Parker, KS 66072 Room410 

Hicksville, NY 11801 
(Western) Standard Micro Sales, Inc. Varigon Associates (913) 898-6552 

(516) 681-8746 
Thompson & Associates P.O. Box 292497 22976 El Toro Rd. 
b1.i5y\;~,L6~n~5~~9 3411 Office Park Drive Suite 1 KENTUCKY (201) 622-4958 

Suite209B El Toro, CA 92630 Wilson Technical Sales, Inc. 
(Southern) 

(513) 435-7733 Kettering, OH 45429 (714) 855-0233 P.O. Box 40699 
Indianapolis, IN 46240 Tritek Sales Inc. RHODE ISLAND 

(513) 293-5393 

(San Diego) (317) 298-3345 21 E. Euclid Ave. Mill-Bern Assoc., Inc. 
TWX 810-459-1617 

CERCO TWX 810-341-3264 Haddonfield, NJ 08033 120 Cambridge St. 
5230 Carroll Canyon Rd. (215) 627-0149 Suites 
San Diego, CA 92121 LOUISIANA TWX 710-896-0881 Burlington, MA 01803 VIRGINIA 
(619) 450-1755 Technology Sales Co. (617) 273-1313 Robert Electronic Sales 

4851 Keller Springs Rd. NEW HAMPSHIRE Suite 103 
(Northern) Suite 103 Mill-Bern Assoc., Inc. SOUTH DAKOTA 7637 Hull St. 
Costar, Inc. Dallas, TX 75248 120 Cambridge St. Quantum Sales Richmond, VA23235 
19220 Stevens Creek Blvd. (214) 380-0200 Suites 10800 Normandale Blvd. (804) 276-3979 
Cupertino, CA 95014 Burlington, MA 01803 Bloomington, MN 55437 
(408) 446-9339 MAINE (617) 273-1313 (612) 884-4700 (West Virginia) 
TWX 910-338-0206 Mill-Bern Assoc., Inc. 

NEW MEXICO 
Thompson Associates 

120 Cambridge St. TENNESSEE 23715 Mercantile Rd. 
COLORADO Suites RELCOM Inc. Microsystems Sales Beachwood, OH 44122 
D-Z Associates, Inc. Burlington, MA 01803 4314 E. Tonto St. Box 169147 (216) 831-6277 
3699 West 73rd Ave. (617) 273-1313 Phoenix, AZ 85044 8411 Sterling Street TXW 810-427-9453 
Westminster, CO 80030 (602) 893-1209 Suite 102 
(303) 429-9369 MARYLAND Irving, TX 75063 WASHINGTON 
TWX 910-931-0809 Robert Electronic Sales NEW YORK (214) 252-5548 SDR2 Products & Sales Co. 

5525 Twin Knolls Rd. Larae Sales Electronics Inc. TWX 910-997-0646 14230 N.E. 8th Street 
CONNECTICUT Suite 331 550 Old Country Rd. Bellevue, WA 98007 
Orion Group Columbia, MD 21045 Room410 TEXAS (206) 747-9424 
27 Meriden Ave. (301) 995-1900 Hicksville, NY 11801 (El Paso) 
Southington, CT 06489 (516) 681-8746 RELCOM Inc. WASHINGTON D.C. 
(203) 621-8371 MASSACHUSETTS (201) 622-4958 4314 E. Tonto St. Robert Electronic Sales 

Mill-Bern Assoc., Inc. Phoenix, AZ 85044 5525 Twin Knolls Rd. 
DELAWARE 120 Cambridge St. (Upstate) (602) 893-1209 Suite 331 
Tritek Sales Inc. Suites L-Mar Assoc., Inc. Columbia, MD 21045 
21 E. Euclid Ave. Burlington, MA 01803 216 Tilden Drive Technology Sales Co. (301) 995-1900 
Haddonfield, NJ 08033 (617) 273-1313 E. Syracuse, NY 13057 4851 Keller Springs Rd. 
(215) 627-0149 (315) 437-7779 Suite 103 WISCONSIN 
TWX 710-896-0881 MICHIGAN Dallas, TX 75248 (East) 

A.P. Associates L-Mar Assoc., Inc. (214) 380-0200 Metcom Associates Corp. 
FLORIDA P.O. Box 777 4515 Culver Rd. TLX 910-860-5368 237 S. Curtis Rd. 
Microsystems Sales Brighton, Ml 48116 Rochester, NY 14622 W. Allis, WI 53214 
Box 169147 (313) 229-6550 (716) 323-1000 Technology Sales Co. (414) 476-1300 
Bit 11 Sterling Street TWX 810-242-1510 3409 Executive Center Rd. 
Suite 102 NORTH DAKOTA Suite 139 (West) 
Irving, TX 75063 MINNESOTA Quantum Sales Austin, TX 78731 Quantum Sales 
(214) 252-5548 Quantum Sales Inc. 10800 Normandale Blvd. (512) 345-2331 10800 Normandale Blvd. 
TWX 910-997-0646 10800 Normandale Blvd. Bloomington, MN 55437 Bloomington, MN 55437 

Bloomington, MN 55437 (612) 884-4700 UTAH (612) 884-4700 
GEORGIA (612) 884-4700 

OHIO 
D-Z Associates, Inc. 

Microsystems Sales 2520 So. State St. WYOMING 
Box 169147 MISSISSIPPI (Southern) Suite 154 SDR2 Products & Sales Co. 
8411 Sterling Street Microsystems Sales Thompson & Associates Salt Lake City, Utah 84115 14230 N .E. 8th Street 
Suite 102 Box 169147 b~~;~~.'6~n~5~~·9 (801) 486-4233 Bellevue, WA 98007 
Irving, TX 75063 8411 Sterling Street (206) 747-9424 
(214) 252-5548 Suite 102 (513) 435-7733 VERMONT 
TWX 910-997-0646 Irving, TX 75063 TLX 810-459-1767 Mill-Bern Assoc., Inc. PUERTO RICO 

(214) 252-5548 120 Cambridge St. Mill-Bern Assoc., Inc. 
TWX 910-997-0646 Su1te8 G.P.O. Box 4543 

Burlington, MA 01803 San Juan, Puerto Rico 00936 
(617)273-1313 (809) 792-1541 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 
AUSTRIA (Ottawa) FRANCE ITALY SOUTH KOREA 
0. Lackner Haltronics, Ltd. Tekelec Airtronic Datt. Ing. Guiseppe Kortronics Enterprise 

EUROPE SALES OFFICE Elektron Bauelemente 1510 Merivale Rd. #4 Cite Des Bruyeres De Mica S.P.A. Room 307, 8-9 
und Gerate Nepean, Ontario K2G 3J6 Rue Carle Vernet Viale Vittorio Veneta 8 #604-1, Gura-Dong, Guro-gu Standard Microsystems GmbH 
Landstrasser (800) 387-7955 BP2 92319 Sevres 20060 Cassina De Pecchi Seoul Arabellastrasse 5-Buero 131 
Hauptstrasse 37 33-1-534-7535 Milano, Italy 634-5497 D-8000 Muenchen 81 
A-1031 Wien (Montreal) TLX204552F 02-95-20-551 TLX MICROS K28484 WEST GERMANY 
43-222-752618 Haltronics, Ltd. TLX330869 49-89-919594 
TLX 847111198 6600 Trans Canada GREAT BRITAIN SPAIN TLX 5214433 SMCG 

Suite #750 Manhattan (Skyline) Ltd. JAPAN AmitronS.A. 
AUSTRALIA Pointe Claire, 517 Forlease Rd. TOM EN Electronics Corp. Leeches, 6 APPLICATIONS CENTER 
Total Electronics Quebec H9R 4S2 Maidenhead 1-1 Uchisaiwai-Cho Madrid 8, Spain FAR EAST 9 Harker St. (800) 387-7955 Berks, England SL6 JRP 2 Cherne, Chiyoda-Ku 34-1-2485863 SMC International Burwood, Victoria 3125 United Kingdom Tokyo 100 Japan TLX 83145550 6F-1, 323 (03) 288 4044 (Calgary) 44-628-75831 506-4670-6 

~~3~n~:oad TLXAA31261 Haltronics, Ltd. TLX851·847898 TLXJ23548 SWEDEN 
205 9th Ave. S.E. NAXAB 

~a~-~-Taiwan BELGIUM Suite #300 HOLLAND lnternix Inc. Box4115 
Auriema, Belgium S.A./N.V. Calgary Auriema Nederland BV 7-4-7 Nishishinjuku 17104 Solna, Sweden 02-946-9666 

~~1~~~o~~u~zs~f;,a~~~f ~~ Alberta T2G OPS · Doornakkersweg 26 Tokyo 160 08-98-51-40 TLX 78532490 SMC FE 
(800) 387-7949 5642MP Eindhoven 03-369-1101 TLX 17912 

32-2-523-6295 Nederland TLX:J26733 
TLX 84621646 DENMARK 31-40-816565 SWITZERLAND 

~~T1~r~~~';vAaj~22 TLX 84451992 NORWAY DatacompAG 
BRAZIL National Elektra A/S Zurchestr 20 
Filcres 275D Ballerup HONGKONG Trade Division CH-8952 Schlieren, Zurich 
Rua Aurora, 165 Denmark Protech Components Ltd. Ulvenveien 75 41-1-7302165 
CEP 01209 45-2-658111 Wi~ Shing Ind. Bldg., P.O. Box 53, Oekern TLX 854553533 
Caixa Postal 18767 TLX 85535293 ~~n ~~~~~;,t. N. Oslo, 5, Norway 
Sao Paulo 02-644970 TAIWAN 
011-223-7388 FINLAND Kowloon TLX71265 ~!jt~~~hs1~~~ i~r~oad TLX1131298 lnstrumentarium Elektroniikka 3-255106 

P.O. Box64 TLX 38396 PTLD HX SOUTH AFRICA Taipei 105 Taiwan R.O.C. 
CANADA SF-02631 ESPOO 63 Eagle Electric 02-769-1225 
(Toronto) 90-755-4144 INDIA 31-41 Hout Street TLX23756 
Haltronics, Ltd. TLX 124426 FEGU, Inc. Capetown 8000 
355 lroquiois Shore Rd. Electronics Div. Republic of South Africa WEST GERMANY 
Oakville, Ontario 3308 Middlefield Road 451421 Tekelec Airtronic Gmbh 
Canada L6H 1 M3 Palo Alto, CA 94306 TLX 960570713 Nussbaumstralle 4 
(416) 844-2121 (415) 493-1788 8000 Muenchen 2 
TLX 06-982389 TWX345599 89-594621 

TLX 05-22241 

DISTRIBUTORS 
ARIZONA ·Western Micro Sales ILLINOIS RC Components ~j1~;~~~m~~ics, inc. A.C.T.-Salt Lake City 
Cetec Electronics 10040 Bubb Road Diplomat Electronics, Inc. 222 Andover St. 2105 E. 6320 S. 
3617 N. 35th AV6. Cupertino, CA 95014 1071 Judson St. Wilmington, MA 01887 j;;~i~~g~~i·o~.v. 11735 

Salt Lake City, UT 84121 
Phoenix, AZ 85017 (408) 725-1660 Bensenville, IL 60106 (617) 657-4310 (801) 487-8131 
(602) 272-7951 (312) 595-1000 

COLORADO MICHIGAN ~jl~~~~~~~:~~ NY 
WASHINGTON 

Kachina Electronic Dist. Bell Industries Mar-Con Advent Electronics Western Microtechnology Sales 
1425 N. 27th Lane Electronic Distributor Div. 4836 Main Street 24 713 Crestview Ct. Pittsford, NY 14534 14778 N.E. 95th Street 
Phoenix, AZ 85009 8155 W. 48th Ave. Skokie, IL 60076 Farmington Hills, Ml 48018 (716) 385-9330 Redmond, WA 98052 
(602) 269-6201 Wheatridge, CO 80033 (312) 675-6450 (313) 477-1650 (206) 881-6737 

(303) 424-1985 OHIO 
Western Microtechnology Sales INDIANA Calder Electronics Applied Data Management WISCONSIN 
7740 E. Redfield Diplomat Electronics, Inc. Advent Electronics 6731 28th St., N.E. 435 Dayton St. ~~6'.0~~;~~~c1 N Scottsdale, AZ 85260 96 lverness Dr., East 8446 Moller Rd. Grand Rapids, Ml 49506 Cincinnati, OH 45214 
(602) 948-4240 UnitR Indianapolis, IN 46268 (616) 949-2900 (513) 579-8108 Milwaukee, WI 53201 

Englewood, CO 80112 (317) 872-4910 
~"J,~m=m~3414 CALIFORNIA (303) 799-8300 MINNESOTA Milgray/Cleveland 

Cetec Electronics IOWA The Joel Company 6155 Rockside Rd. 
5610 E. Imperial Hwy. A.C.T.-Rocky Mountain Advent Electronics 8836 7th Ave. North Cleveland, OH 44131 CANADA 
South Gate, CA 90280 4016 Youngfield Street 682 58th Ave., CT., SW Minneapolis, MN 55427 !216) 447-1520 Future Electronics Inc. 
1213) 773-6521 Wheatridge, CO 80033 Cedar Rapids, IA 52404 (612) 545-5669 8001321-0006 237 Hymus Blvd. 
714) 521-7412 (303) 422-9229 (319) 363-0221 800 362-2808 (Point Claire) 

KANSAS 
NEW JERSEY Montreal, Quebec 

Cetec Electronics CONNECTICUT Diplomat Electronics, Inc. OKLAHOMA Canada H9R 5C7 
721 Charcot Ave. Diplomat Electronics, Inc. 

Milgray/Kansas City 490 South Riverview Dr. ~~ili~-~~~~~ents (514) 694-7710 
San Jose, CA 95121 52 Federal Road 6901 West 63rd St. Totowa, NJ 07512 
(408) 263-7373 Danbury, CT06810 Overland Park, KS 66202 (201) 785-1830 Tulsa, OK 7 4129 Future Electronics Inc. 

(203) 797-9674 
(913) 236-8800 (918) 664-8812 82 St. Regis Crescent North 

Cetec Electronics 
~~~~ad~~:~~~~re Valley 

Downsview, Ontario, M3J 123 
3940 Ruffin Rd. J.V. Electronics, Inc. 

MARYLAND PENNSYLVANIA (416) 638-4771 
San Diego, CA 92123 690 Main Street 

Diplomat Electronics, Inc. Executive Campus QED Electronics, Inc. 
(619) 278-5020 East Haven, CT 06512 9150 Rumsey Rd., Suite A6 Marlton, NJ 08053 139 Terwood Rd. Future Electronics Inc. 

(203) 469-2321 Columbia, MD 21045 
!609! 983-5010 BoxT e~~~:ui~~r~~at. V5R 5J7 Cetec Electronics (301) 995-1226 800 257-7808 Willow Grove, PA 19090 

1692 Browning Mi lg ray/Connecticut Milgray/Washington 800 257-7111 (215) 657 ·5600 (604) 438-5545 
Irvine, CA 92714 378 Boston Post Road 
(714) 250-4141 Orange, CT 06477 11820 Parklawn Dr. 

NEW MEXICO TEXAS Future Electronics, Inc. 
(203) 795-0711 Rockville, MD 20852 

Bell Industries Quality Components, Inc. Baxter Center 
Diplomat Electronics, Inc. (301) 468-6400 

?f~~~rli~~e~u~nic Div. 
4257 Kellway Circle 1050 Baxter Road 

1293A Mt. View-Alviso Rd. FLORIDA (800) 638-6656 P.O. Box819 Ottawa, Ontario, K2C 3P2 
Sunnyvale, CA 94086 Diplomat Electronics, Inc. Resco/Baltimore Albuquerque, NM 87123 Addison, TX 75001 (613) 820-8313 
(408) 734-1900 2120 Calumet St. 4961 Mercantil<: Road (505) 292-2700 (214) 733-4300 

Diplomat Electronics, Inc. Clearwater, FL 33515 White Marsh, MD 21236 Future Electronics Inc. 
(813) 443-4514 NEW YORK Quality Components, Inc. 5809 Mac Lead Trail S. 140 McCormick Ave. (301) 529-0500 

Diplomat Electronics 1005 Industrial Blvd. Unit 109 Costa Mesa, CA 92626 Diplomat Electronics, Inc. TWX 710-232·1819 
11 O Marcus Dr. Sugarland, TX 77478 Calgary, Alberta T2H OJ (714) 549-8401 1300 N.W. 65th Place 

Resco/Washington Melville, NY 11747 (713) 491-2255 {403) 259-6408 

Diplomat Electronics 
Ft. Lauderdale, FL 33309 (516) 454-6400 
(305) 974-8700 10523 Ewing Rd. 

~~t~tA~~~gonents, Inc. 20151 Bahama St. Beltsville, MD 20705 
Chatsworth, CA 91311 Milgray/Florida, Inc. (301) 937-9100 Diplomat Electronics 

Austin, TX 78758 (818) 341-4411 461 O Wetzel Road 
1850 Lee Rd., Suite 104 Liverpool, NY 13088 (512) 835-0220 
Winter Park, FL 32789 MASSACHUSETTS 

Diplomat Electronics Diplomat Electronics, Inc. (315) 652-5000 
9787 Aero Drive (305) 647-5747 

28 Cummings Pk. UTAH 
San Diego, CA 92123 (800) 327 -5262 

Woburn, MA01801 ~1u~r~~r~ism~~gents Bell Industries 
(619) 292-5693 GEORGIA (617) 935-6611 Elect. Distributor Div. 

Hauppauge, NY 11788 3639 West 2150 South 
NESCO Diplomat Electronics, Inc. 

JV Elec. of Boston Inc. (516) 273-2600 Salt Lake City, UT 84120 
7110 Gerald Ave. 6659 Peachtree Ind. Blvd. 

207A Cambridge St. (801) 972-6969 
Van Nuys, CA 91406 Suites ADD Electronics 

Norcross, GA 30092 Burlington, MA 01803 
7 Adler Drive Diplomat Electronics, Inc. (800) 423-2664 (404) 449-4133 (617) 273-4300 
E. Syracuse, NY 13057 3007 S.W. Temple 

NESCO 

~; 1f{~X~~'d~t~ark, Suite 102 ~~1%~i~~:~ii1ng~~nd 
(315) 437-0300 Salt Lake City, UT 84115 

1651 E. Edinger Ave. (801) 486-4134 
Suite 108 Atlanta, GA 30338 Burlington, MA 01803 
Santa Ana, CA 92705 

(404) 393-9666 1617) 272-6800 (714) 541-6181 (800) 241-5523 
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