




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8044AH/8344AH/8744H 

WAVEFORMS 

Memory Access 

PROGRAM MEMORY READ CYCLE 

ALE 

PSEN __ TPXAV 

PORTO 
AT-AD INSTR IN 

PORT 2 
ADDRESS AI S-A8 ADDRESS AIS-A8 

231663-8 

DATA MEMORY READ CYCLE 

TWHlH 
..... 1-_---------TllDV 

ALE 

TllWl 

TllAX TRHDX 

PORTO A1-AO DATA IN 

TRlAZ 

PDRT2 ADDRESS AIS-A8 OR SFR-P2 

231663-9 

DATA MEMORY WRITE CYCLE 

TWHlH 

ALE 

--------4----------J 
TOVWH TWHQX 

PORTO DATADUT 

PDRT2 ADDRESS AIS-A8 OR SFR-P2 

231663-10 
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8044AH/8344AH/8744H 

SERIAL I/O WAVEFORMS 

SYNCHRONOUS DATA TRANSMISSION 

~-----------TDCY---------~ 

--------. f----TDCL--+I ~-----..... 

SCLK 

'--_______ ...J j.---TOCH--..! '------

DATA 

TTO 

231663-11 

SYNCHRONOUS DATA RECEPTION 

t--------TOCY---------I 

I+-----TDCH --+I 

DATA 

TOSS '--'----TOHS,--------l 

231663-12 
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inter 8044AH/8344AH/8744H 

AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS 
INPUT IOUTPUT 

2.4==>(20 2.0)<= 
TEST POINTS 

US ... 0:::: .• :..... ____ --=0::, .• 

231663-13 
AC testing inpuls Bre driven at 2.4V for a LogiC "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and O.BV for a Logic "0". 

EXTERNAL CLOCK DRIVE XTAL2 

~FL~O~A=T-----------------------------' 

j -----FLOAT--------t 2.4 2_.0 _2.0 2.4 

0.45:" 0.1 0.45 
231663-14 

TCHCL 

1------------ TCLCL ----------1 
231663-15 

Variable Clock 
Symbol Parameter Freq = 3.5 MHz to 12 MHz Unit 

Min Max 
TCLCL Oscillator Period 83.3 285.7 ns 
TCHCX High Time 20 TCLCL·TCLCX ns 
TCLCX Low Time 20 TCLCL·TCHCX ns 
TCLCH Rise Time 20 ns 
TCHCL Fall Time 20 ns 
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8044AH/8344AH/8744H 

CLOCK WAVEFORMS 

INTERNAL 
CLOCK I STATE 4 I STATE 5 I S~'ATE 6 I STATE 1 I STATE 2 I STATE 3 I STATE 4 

~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 
STATE 5 

PI I P2 

XTAl2 ..r1....f"U1..J 
ALE --.J I I . I IL...-._ 

EXTERNAL PROGRAM MEMORY FETCH 2 THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 

L---=._~I ,,, 1 L 
PO 

P2(EXT) ____ ---,1 INDICATES AODRESS TRANSIONS 1 ...... _________ --1 

READ CYCLE 

RD 

PO 

P2 
WRITE CYCLE 

WR 

PO 

P2 

PORT OPERATION 

MOV PORT, SRC 

DPl OR Ri 
OUT 

OOH IS EMITTED PCl OUT (IF PROGRAM 
DURING THIS PERIOD MEMORY IS EXTERNAL) 

~¢ FLOAT S=O .nL-. 
INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

I PCl OUT(EVEN IF PROGRAM 
L-_________ ---' MEMORY IS INTERNAL) 

DPl OR Ri 
OUT !. DATA OUT 

INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

OLD DATA I NEW DATA 

. $-;1 tCl OUT ;I~OGRAM 
I MEMORY IS EXTERNAL) 

~:-:-::-~=-=_· ______________ .... --LPO PINS SAMPLED 
MOV DEST. PO ~:., !--4t 
MOV DEST. PORT (Pl. P2. P3) PO PINS SAMPLED r:::::::::l 
(INCLUDES INTO. INTI. TO. TI) ~,--__________________ ..... r ,-L--

Pl. P2. P3 PINS SAMPLED Pl. P2. P3 
SERIAL PORT SHIFT CLOCK 

J~~DE O)-------~XD SAMPLED 

PINS SAMPLED 

L---___ .......;q:J 
RXDSAMPlED 

231663-16 

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the 
pins, however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as tempera­
ture and pin loading. Propagation also varies from output to output and component to component. Typically 
though, (T A = 25°C, fully loaded) RD and WR propagation delays are approximately 50 ns. The other signals 
are typically 85 ns. Propagation delays are incorporated in the AC specifications. 
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inter 8044AH/8344AH/8744H 

8744H EPROM CHARACTERISTICS 

Erasure Characteristics 

Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave­
lengths shorter than approximately 4,000 Ang­
stroms. Since sunlight and fluorescent lighting have 
wavelengths in this range, constant exposure to 
these light sources over an extended period of time 
(about 1 week in sunlight, or 3 years in room-level 
fluorescent lighting) could cause unintentional era­
sure. If an application subjects the 8744H to this 
type of exposure, it is suggested that an opaque la­
bel be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat­
ed dose of at least 15 W-sec/cm2 rating for 20 to 30 
minutes, at a distance of about 1 inch, should be 
sufficient. 

Erasure leaves the array in an all 1 s state. 

Programming the EPROM 

To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro­
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins P2.0-
P2.3 of Port 2, while the data byte is applied to Port 
o. Pins P2.4-P2.6 and PSEN should be held low, and 
P2.7 and RST high. (These are all TTL levels except 
RST, which requires 2.5V for high.) EAIV~P is held 
normally high, and is pulsed to + 21 V. While EAI 
VPP is at 21V, the ALE/PROG pin, which is normally 
being held high, is pulsed low for 50 msec. Then 
EAIVPP is returned to high. This is illustrated in Fig-

ure 8. Detailed timing specifications are provided in 
the EPROM Programming and Verification Charac­
teristics section of this data sheet. 

Program Memory Security 

The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden bit" is programmed, electrical ac­
cess to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as de­
scribed in "Programming the EPROM" with the ex­
ception that P2.6 is held at a TTL high rather than a 
TTL low. In addition, Port 1 and P2.0-P2.3 may be in 
any state. Figure 9 illustrates the security bit pro­
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 

Program Verification 

Program Memory may be read only when the "secu­
rity feature" has not been activated. Refer to Figure 
10 for Program Verification setup. To read the Pro­
gram Memory, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz oscilla­
tor. The address of a Program Memory location to 
be read is applied to Port 1 and pins P2.0-P2.3 of 
Port 2. Pins P2.4-P2.6 and PSEN are held at TTL 
low, while the ALE/PROG, RST, and EAIVPP pins 
are held at TTL high. (These are all TTL levels ex­
cept RST. which requires 2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When P2.7 is strobed low, the contents of the ad­
dressed location will appear at Port O. External pull­
ups (e.g., 10K) are required on Port 0 during program 
verification. 
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8044AH/8344AH/8744H 

+5V 

ADDR. --....-o-.:~ Pl 
Vee 

OOOOH­
OFFFH 87UH 

P2.0- PO PGMDATA 

P2.3 

P2.4 

P2.5 ALE --ALE PROG 

P2.6 

P2.7 

XTAL2 EA __ rAiVPP 

XTALl RST VIHl 

VSS mN 

-

Figure 8. Programming Configuration 

+5V 

Ne Pl 
Vee 

87UH 

P2.0- PO Ne 
Ne P2.3 

P2.4 

231663-17 

P2.5 ALE ___ ALE/PiiOG 50 ms PULSE TO GND 

P2.6 

TTL HIGH P2.7 

XTAL2 EA -- EAIVPP +21V PULSE 

XTALl RST VIHl 

VSS mN 

- -

Figure 9. Security Bit Programming Configuration 
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inter 8044AH/8344AH/8744H 

+5V 

ADDR. -----,,.,,.......,='\1 P1 
Vee 

8744H OOOOH­
OFFFH f-----'\ PGM DATA 

PO (USE 10K PULLUPS) P2.0-
P2.3 

P2.4 

P2.5 

P2.6 

ENABLE-----i P2.7 

XTAL2 

XTAL1 

VSS 

A: TTTLH'GH 

EA 

RST VIH1 

= 

Figure 10. Program Verification Configuration 

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION CHARACTERISTICS 
TA = 21°C to 27°C, Vee = 4.5V to 5.5V, vss = OV 

Symbol Parameter Min 

Vpp Programming Supply Voltage 20.5 

IPP Programming Current 

1/TCLCL Oscillator Frequency 4 

TAVGL Address Setup to PROG 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL Data Setup to PROG 48TCLCL 

TGHDX Data Hold after PROG 48TCLCL 

TEHSH ENABLE High 10 Vpp 48TCLCL 

TSHGL Vpp Setup to PROG 10 

TGHSL Vpp Hold after PROG 10 

TGLGH PROGWidlh 45 

TAVOV Address to Data Valid 

TELOV ENABLE to Data Valid 

TEHOZ Data Float after ENABLE 0 

22-25 

Max 

21.5 

30 

6 

55 

48TCLCL 

48TCLCL 

48TCLCL 

231663-19 

Units 

V 

rnA 

MHz 

tJ-sec 

tJ-sec 

msec 



8044AH/8344AH/8744H 

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION WAVEFORMS 

PROGRAMMING VERIFICATION 

P1.0-P1.7 
P2.0-P2.3 

PORTO 

ALEPiiOG 

~ T 

!iiVPP 

ADDRESS 

DATA IN 

TDVGL 

TAVGL 

\ 
TSHGL L-....J 

Tci"L"GH 
21V . . 5V 

ADDRESS 

TAVQV --
DATA OUT 

-
TGHDX 

--TGHAX 

~ 

\ 
TTL HIGH TTL HIGH TTL HIGH 

TEHSH 
_ TELQV _ TEHQZ --I~ )~-~-------.J).----

231663-20 
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I(;E-5tOO/452 III-(;Ir~ult E.ulator 

IN·C'RCVIT EMIJ£A'I'Ollt'OR THE IJP,.-·4521:4Ml".. 0,., 
PROGRAMMABU I/O P~ESSORS 
The ICE·51 001452 In·Cireuit Emulator is a complete hardwlIl't'/sunwlIl't' dl'hug I'nvi('()nml'nt for 
developing embedded control applic,ations based on the IntelllPI"·4~2 family uf I/O pt'riphl'raIK 
With high·performance full·speed emulation, symbolic dehugging, and nl'xibll' I1\cmlll'~ mapping. thl' 
ICE·5100/452 emulator expedites all stages of development: hardware dewlulllIIl'flt. sollwan' 
de\elopment, system integration, and system t~'St: shortening yuur p('()ject"s tim!' tu markl't. 

J'EAI'IJRES 
• Full speed to the speed of the component. 
• 64KB of emulation mapped memory. 
• 254 frames of execution trace. 
• Symbolic debug. 
• Serial link to an IBM PC XT, AT, 100% 

compatible. 
• Four address breaklloints with in·range, 

out-of·range. and page breaks. 
• On·line disassembler and single line 

assembler. 
• Full emulation and debug support for the 

FIFO Buffer. 

• Suurce cod(' dislllay. 
• ASM·51 and PUM·51 languagl' SUllport. 
• Pop·up help. . 
• DOS sill' II ('5('apl'. 
• On-line tuturial. 
• Built·in CRT based editor. 
• System self-t1~~t diagnostics. 
• \Vorldwidl' s('rvil'l' and support. 

i~ ______________________ __ 
Intd GUfJX,fallun assunw.'l'I nil l"I'Spllnslhllll~ 'ur lilt· U~' III' <III), rill'ulln olin lhulllin.'UlIf) 11I1INllIit'd in illliIl1l'lllmduI1. 'In IIlhl'l' mmll (lOlwnl IK1'1L~'S arc' 
Impllt'tl. In(!lrIDal.,," runlamn:l t\I'rdn ,",UIII'f'SI,'dl'li pra,\luu:;I~ putlli~hr.'CI !lp"'lhl'J.lIlIl1~ un Ihr.~' ilt'\ln'll rmllllllid ami ~"i l-Iuhjl,'t tndliLlII.'1' IIotthllul 11111.1,,', 

K.1JtI'rnh'f, I!IftH 
e lmdCurr)lll'<Illun 191m IIrck'r \uluh.'r: 1H1IH17,nlli 
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ONE 'l'tHH.1'OIl ENTlaE' 
DEI'EUJPIfIEN'I' CyaE 
'fht' IG~:-n 1OI1I4n2 ('mulatnr Nrx'(~IN targ(1 SYN!t'm 
(k'\'('IOllm('n\ hy allov. inll hardll'''''' and suft\\1lr(' (h~illn In 
IIJ'(X'I~'I simultanmuNly_ 'bu 1'<111 d('wln[1 snft\Van' ('\'I'n 
Ix'fun' pmlntYPl' hUl'llwun' is I'illish(~L Ami h(~'auiil' thl' 
IG~:-r.HK1I4r.2 I'mulmur pn,'isl'ly mm('h(~ tht' rum[xml'l1t's 
t'I(,tril'll! ami tillling ('har[M'I('riSi i('s, it's II \'aluulll(' tlM,1 for 
IlImlv;an' (k'l1'lo[,ml'n\ 111111 dt'hull, Thus, Lltt' IC~:-r. HKll1r.2 
('mulator fan d('hull a [mllulYIM' III' prlKhH'lion systml aI, 
<lilY NWI.~' in i~~ dl'vl'l(~"11I'nt. lI'ithoul. inl11Mluring ('~lra/1('ous 
h[lI'lIv;<II,(' j,r suftWaI,(' I('SI ImlN. 

IIIGII-..~PEED. aE.U-'I'IIfIE EIfIIJ£.f'l'ION 
Thl' IG~:-r.IIK1I4r.2 ('Illublllll' (l1'II\'id(~ fllll-SIM~~L 1'('ul-lin1l' 
('l1Iulalioll up 10 Ih(' sp('(~1 uf Ihl' ('(lIllllom'lI!. li(,'uUSI' th(' 
('mulalor is fully IranSp[m'nllnlll(' [[II'1l(1 sySl('m, ~1I1i hall' 
,'ol11pl(1{' I'IIlIlml ml'r IUl/'IllI'a,,' alld sol'tllun' d!'llUll illld 
sysl('m intt'walion, 

(i41\B of ZI'ro v;ait-htat('I'mulatMm ml'ITlI!ry'is [1\[1i1uhll' to 
rl'[llaCl' targl1 sySl('m ('(Idt' mt'lnnry, alloll'inll ii1l1't\\I1n' 
d!'llUg til Ill'llin ('wn befon' IIn)\(lty[X' harUllan' i~ finisht'<1. 

I'UXIBU BaE.f"POINnNG ,. 
(lIJIC" PIlOIJUIfI ISOM'I'ION 
The ICI<:-51001452 ('mulalAIf' supports UJrt~ rlifffrt!lIt tYPffi 
uf bwak spt'{'ifications: sPI'!'lfK' addn'Ss breaks un up to 
64,000 pusslhle aclclrl~SI'S: rang!' hrtlaks, hoth within and 
outside a user-defined range: and pagl' breaks. up to 256 
pablt'S on 256-bytt' houndaril'S_ 254 frames·of ext'Cution 
trace memury prnvidl~ ample dehug informatiun, with t'<lch 
framl' dividt'd Intu 16 bits uf prugram t'xecUliun addn's.~ 
and 8 hits of external t'Vt'nt informatkln_ A maximulII uf hlr 
tracl1luints alluws qualilil'CI tral'(' fur a variety uf dehull 
conditiuns_ 

SI'IfII1fJUC DEBIJGG'NG I'OIlI'.fS'I' 
DEI'E£tJPIfIEN'I' 
IX'Silll1lt'llm prudul'tivity is "noont"d hy Lltt" USI' uf 
symlKllir (k,hug n'l\'n'lIx'S tu 1'"IIlI'amlim,_ hillh-Il,vd 
stalt'mI'l1L~. and IlIIK1ull' !lnd vaI'iuhl(' nanll~, Till' It'l'ms 
USI,II tu dl'Vl'lu[1 [mlWmns aI'!' LIt" 8[1111(' uSI,1 for sySll'm 
Ik'hugllinll. 

P.f'l'CII CODE ""'I'IIfJIJ'I' aECtJMPIUNG 
nKII~llalrhing is I'as~ with thl'IO:-;,HK1I452 ('mulator's 
sinlll(~lill!' aNSI'mhl('r. \Im'hilk' I1KI(' ran hI' dl!;.:ls.'lI'mhll~1 III 
ml1l'n~lIIi('s fur signilk,mU~ I'Usil'l' dl'llUllIling ,md Ill'IIj('t 
dlWlupm('nL. 

E.fSY 'I'tJ U.f.N .fND IJSE 
'I'h('IC:~:-!i 10!1I452 is al'("mpani(~1 hy a full tuturial that 
l'x[llains all lIyslt'm functiuns and Ilnlvicll'S many t,xampft'S_ 
:\llditiunal f('atu,,'11 sul'h as lin-lint' h('I,i, a hullt.-In C:R'[~llIISI~1 
1~lilor_ and DOS Shl'III'S(~I[K' mak!' thl' ('mulator fast and 
I'as~' In USI' for IKlth nov",' und l'x[I!'rienCI~IIlSl~rs, You ran 
dl'\l'Iop yuur u\Vn tl~t suilt~ ur saw frl'IUl'lltly-used dehug 
rtlutil1l'll as dl'lllllllll'lK,'durl'll (I'RO(~~) that ean hi' invukl'd 
with a singl(' mmmand_ 

_£D""DE SEa",CE .fND SIJPPtJIl'l' 
'I'hl' IG~:';, I (K1I452 l'mulatllr is SUPllllttl,1 hy Intd-s 
woriliwidl' SI'rvin' and support organizcllkm_ In addition to 
an l'xtl'ndl'd walTanty. you ('an l'h!llIS/' fmm hlltlim' support.' 
on-sitl' sySl('m ('nllint,'rinll as.~isuml'('_ and a \-aril'ly of 
hands~1n tmininll lI'orkshups, 
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ELECTRICAL CONSIDERAJ'lONS 
Tlw ~lIIulation processor's user-pin timings ami loadings are 
id~ntieal to the 452 component t'xeppt as follows: 

• L'l'tIl 20, I'f of additional pin capacitance is l'Ontril1lJ1ril 
b) till' proressor module and target adaptor assl'm!llies. 

PROCESSOR IfIODfJLE DIIfIEN.~/ONS 

flcure I: Processor \lodule Dimensions 

SPECifiCATIONS 

Ho8t Req.'re.e.'8: 
1ll\1 PC-XT. .W or compatible 
PC-DOS 3.0 or later 
512f,; K~\1 

. One f1upp; drill' ami hard disk 

PllY8'cai ClJaracrerl8UC8: 
The ICI::-5100/452 emulator consists of the [ollowing 
components; 

1I.lt Width He.pt te·C'" 
Ind. e.. Inch C: .. I.ch tID 

Omtl'lliler Pod 1I.2~ 21.0 1.:i :l.B J:I.~ 34.3 
l'ser Cable 39.0 99.0 
Processor 
~I()dule· 3.8 9.7 1.5 3.B 4.0 10.2 
POller Suppl; 7.6 IB.1 4.0 10.2 11.0 28.0 
SerIal Cable 14·400 360.0 

·with SUPIJlied laI'gpt adapter. 

Ekelrlcal ClJaraclerl8Uc8: 
1'0\\('1' sup[lly 
H)(~ 120v or 220-240\ s('il'('tahlt' 
:;(~60 Hz 
2 amps (AC max) @ 120\ 
I amp (IIC max) @ 2~O\" 

1i."'I'O •• e.ral Cllaracreri8rk:8: 
Operating temperature; + looe UI + 40°(; (50 0 P til 104°P) 
Operating humidity; ~laxill1ulII of H5% r~latiVl' humidity. 
non-condensing 
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ORDERING INFORMATION 

Order Q)de 

pl452KITAD 

pl452KITD 

pC452KITD 

TA452E 

D86ASM51 

D86PLM51 

D86EDlNL 

Description 

Kit rontalns ICE·51001452 user probe 
assembly. power supply and cables. 
serial cables. target adapter. crystal 
power acressory. emulator controller 
pod. emulator software. OOS host 
communication cables. ASM·51 and 
AEDIT text editor (requires software 
lioense). 

Kit contains the same components as 
p1452KITAD. excluding ASM·51 and the 
AEDIT text editor (requires SOftware 
license). 

Conversion kit for ICE'51 001451. 
ICE·51001252. or ICE·51001044 running 
PC·DOS 3.0 or later. to provide 
emulation support ror 8OC452 
components (requires softwaI'C license). 

Target adapter for 68·pin PLCC package 
support. 

ASMIRL 51 package for PC-OOS 
(requires software license). 

PUMJRL 51 package ror PC-DOS 
(requires software license). 

AEDIT text editor ror PC-OOS. 

MCS is a registered trademark and ICE is a trademal:'k of 
Intel Corporation. 

IBM and PClAT are registered trademarks and PG'XT a 
trademal:'k or International Business Machines Corporation. 

For direct information on Intel·s Development Tools. or for 
the oomber of your nearest sales oIfIce or distributor. call 
800-874-6835 (U.S.). For Inrormation or literature 00 
additional Intel products. call 8()()'548-4725 (U.s. and 
Canada). 
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inter 8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 

• TTL Drive Capability • Decimal, Binary, and Double Precision 

• 2 /-ts (-1:1.3 /-ts, -2:1.5 /-ts) Instruction Arithmetic 

Cycle • Ability to Provide Priority Vectored 

• Powerful Problem Solving Instruction Interrupts 

Set • 512 Directly Addressed 1/0 Ports 

• 6 General Purpose Registers and an • Available in EXPRESS 
Accumulator - Standard Temperature Range 

• 16-Bit Program Counter for Directly • Available in 40-Lead Cerdip and Plastic 
Addressing up to 64K Bytes of Memory Packages 

• 16-Bit Stack Pointer and Stack (See Packaging Spec. Order # 231369) 

Manipulation Instructions for Rapid 
Switching of the Program Environment 

The Intel@ BOBOA is a complete B-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip 
using Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control 
and processing applications. 

The BOBOA contains 6 B-bit general purpose working registers and an accumulator. The 6 general purpose 
registers may be addressed individually or in pairs providing both single and double precision operators. 
Arithmetic and logical instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic opera­
tion. 

The BOBOA has an external stack feature wherein any portion of memory may be used as a last in/first out 
stack to store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general 
purpose registers. The 16-bit stack pointer controls the addressing of this external stack. This stack gives the 
BOBOA the ability to easily handle multiple level priority interrupts by rapidly storing and restoring processor 
status. It also provides almost unlimited subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and B-line 
bidirectional data busses are used to facilitate easy interface to memory and I/O. Signals to control the 
interface to memory and I/O are provided directly by the BOBOA. Ultimate control of the address and data 
busses resides with the HOLD signal. It provides the ability to suspend processor operation and force the 
address and data busses into a high impedance state. This permits OR-tying these busses with other control­
ling devices for (DMA) direct memory access or mUlti-processor operation. 

NOTE: 
The BOBOA is functionally and electrically compatible with the Intel BOBO. 
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'I BIT, 
INTERNAL DATA BUS 

A,. 
GNO 

O. 
D. 
Os' 
0, 
0, 
0, 

8080A/8080A-1/8080A-2 

ACK 

TIMING 
AND 

CONTROL 

Figure 1. Block Diagram 

40 
39 
38 
37 
36 
35 
34 
33 

0,0 32 

D. 10 8080A 31 
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Table 1 Pin Description 

Symbol Type Name and Function 

A15-AO 0 ADDRESS BUS: The address bus provides the address to memory (up to 64K S-bit 
words) or denotes the I/O device number for up to 256 input and 256 output devices. Ao 
is the least significant address bit. 

DrDo I/O DATA BUS: The data bus provides bi-directional communication between the CPU, 
memory, and I/O devices for instructions and data transfers. Also, during the first clock 
cycle of each machine cycle, the BOBOA outputs a status word on the data bus that 
describes the current machine cycle. Do is the least significant bit. 

SYNC 0 SYNCHRONIZING SIGNAL: The SYNC pin provides a signal to indicate the beginning 
of each machine cycle. 

DSIN 0 DATA BUS IN: The DSIN signal indicates to external circuits that the data bus is in the 
input mode. This signal should be used to enable the gating of data onto the SOBOA data 
bus from memory or I/O. 

READY I READY: The READY signal indicates to the BOBOA that valid memory or input data is 
available on the BOBOA data bus. This Signal is used to synchronize the CPU with slower 
memory or I/O devices. If after sending an address out the BOBOA does not receive a 
READY input, the BOBOA will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 

WAIT 0 WAIT: The WAIT signal acknowledges that the CPU is in a WAIT state. 

WR 0 WRITE: The WR signal is used for memory WRITE or I/O output control. The data on 
the data bus is stable while the WR signal is active low (WR = 0). 

HOLD I HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state 
allows an external device to gain control of the BOBOA address and data bus as soon as 
the BOBOA has completed its use of these busses for the current machine cycle. It is 
recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 

entering the HOLD state the CPU ADDRESS SUS (A15-AO) and DATA SUS (D7-DO) 
will be in their high impedance state. The CPU acknowledges its state with the HOLD 
ACKNOWLEDGE (HLDA) pin. 

HLDA 0 HOLD ACKNOWLEDGE: The HLDA signal appears in response to the HOLD Signal and 
indicates that the data and address bus will go to the high impedance state. The HLDA 
signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of <1>2. 

INTE 0 INTERRUPT ENABLE: Indicates the content of the internal interrupt enable flip/flop. 
This flip/flop may be set or reset by the Enable and Disable Interrupt instructions and 
inhibits interrupts from being accepted by the CPU when it is reset. It is automatically 
reset (disabling further interrupts) at time T1 of the instruction fetch cycle (M1) when an 
interrupt is accepted and is also reset by the RESET signal. 

INT I INTERRUPT REQUEST: The CPU recognizes an interrupt request on this line at the end 
of the current instruction or while halted. If the CPU is in the HOLD state or if the 
Interrupt Enable flip/flop is reset it will not honor the request. 

RESETl I RESET: While the RESET signal is activated, the content of the program counter is 
cleared. After RESET, the program will start at location 0 in memory. The INTE and 
HLDA flip/flops are also reset. Note that the flags, accumulator, stack pointer, and 
registers are not cleared. 

Vss GROUND: Reference. 

VDD POWER: +12 ±5% V. 

Vee POWER: + 5 ± 5% V. 

Vee POWER: -5 ±5% V. 

<1>1, <1>2 CLOCK PHASES: 2 externally supplied clock phases. (non TTL compatible) 

NOTE: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under'Bias ............ O·C to + 70·C 

Storage Temperature .......... -65·C to + 150·C 

All Input or Output Voltages 
with Respect to Vee ........... - 0.3V to + 20V 

Vee, VOO and Vss 
with Respect to Vee ........... - 0.3V to + 20V 

Power Dissipation .......................... 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = o·c to 70·C, Voo = +12V ±5%, Vee = +5V ±5%, Ves '= -5V ±5%, Vss = OV;' unless otherwise 
noted 

Symbol Parameter Min Typ Max 

VILe Clock Input Low Voltage Vss - 1 Vss + 0.8 

VIHe Clock Input High Voltage 9.0 VOO + 1 

VIL Input Low Voltage Vss - 1 Vss + 0.8 

VIH Input High Voltage 3.3 Vee + 1 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 3.7 

100 (AV) Avg. Power Supply Current (VOO) 40 70 

ICC(AV) Avg. Power Supply Current (Vcd 60 80 

lee (AV) Avg. Power Supply Current (Vee) 0.01 1 

IlL Input Leakage ±10 

ICL Clock Leakage ±10 

10L Data Bus Leakage in Input Mode -100 
-2.0 

IFL Address and Data Bus Leakage +10 
During HOLD -100 

CAPACITANCE 
TA = 25·C, Vec = Voo = Vss = OV, Vee = -5V 

Symbol Parameter Typ Max Unit Test Condition 

C'" Clock 17 25 pF fc = 1 MHz 
Capacitance 

CIN Input 6 10 pF Unmeasured Pins 
Capacitance 

COUT Output 10 20 pF Returned to Vss ' 
Capacitance 
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Unit Test Condition 
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A.C. CHARACTERISTICS (8080A) TA = O·Cto 70·C, voo = +12V ±5%, Vee = +5V ±5%, 
VBB = -5V ±5%, Vss = OV; unless otherwise noted 

Symbol Parameter 
-1 -1 -2 -2 Unit Test Condition Min Max Min Max Min Max 

tey(3) Clock Period 0.48 2.0 0.32 2.0 0.38 2.0 J.A-s 

tr, tl Clock Rise and Fall Time 0 50 0 25 0 50 ns 

tcl>1 cl>1 Pulse Width 60 50 60 ns 

tcl>2 </>2 Pulse Width 220 145 175 ns 

t01 Delay </>1 to </>2 0 0 0 ns 

t02 Delay </>1 to </>2 70 60 70 ns 

t03 Delay </>1 to </>2 Leading Edges 80 60 70 ns 

tOA Address Output Delay From </>2 200 150 175 ns 
CL=100pF 

too Data Output Delay From </>2 200 180 200 ns 

toe Signal Output Delay From </>1 or </>2 
120 110 120 ns CL = 50 pF (SYNC, WR, WAIT, HLDA) 

tOF DBIN Delay From </>2 25 140 25 130 25 140 ns 

tOI(1) Delay for Input Bus to Enter Input Mode tOF tOF tOF ns 

tOS1 Data Setup Time During </>1 and DBIN 30 10 20 ns 

tOS2 Data Setup Time to </>2 During DBIN 150 120 130 ns 

tOH(1) Data Hold Time From </>2 and DBIN (1) (1) (1 ) ns 

tiE INTE Output Delay From </>2 200 200 200 ns CL = 50 pF 

tRS READY Setup Time During </>2 120 90 90 ns 

tHS HOLD Setup Time During </>2 140 120 120 ns 

tiS INT Setup Time During </>2 120 100 100 ns 

tH Hold Time From </>2 (READY, INT, HOLD) 0 0 0 ns 

tFO Delay to Float During Hold 
120 120 120 ns (Address and Data Bus) 

tAW Address Stable Prior to WR (5) (5) (5) ns 

tow Output Data Stable Prior to WR (6) (6) (6) ns 

two Output Data Stable From WR (7) (7) (7) ns 

tWA Address Stable From WR (7) (7) (7) ns 

tHF HLDA to Float Delay (8) (8) . (8) ns 

tWF WR to Float Delay (9) (9) (9) ns 

tAH Address Hold Time After DBIN During HLDA -20 -20 -20 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

I}CL:l00 PF 
TEST 

-= 231453-4 
CL = 100 pF 
CL Includes Jig Capacitance 
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Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V. "0" = 1.0V; INPUTS "1" = 3.3V. "0" = 0.8V; OUTPUTS "1" = 2.0V. 
"0" = 0.8V 
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WAVEFORMS (Continued) 
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NOTES: 
(Parenthesis gives -1, - 2 specifications, respec­
tively.) 
1. Data input should be enabled with DBIN status. 
No bus conflict can then occur and data hold time 
is assured. 
tOH = 50 ns or tOF, whichever is less. 
2. tCY = t03 + tr4>2 + t$2 + t/4>2 + t02 + tr4> 1 :?: 
4aO ns (-1 :320 ns, - 2:3aO ns). 
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3. The following are relevant when interfacing the 
aOaOA to devices having VIH = 3.3V: 

a) Maximum output rise time from o.av to 3.3V= 
100 ns @ CL = SPEC. . 
b) Output delay when measured to 3.0V = SPEC 
+60 ns @ CL = SPEC. 
c) if CL = SPEC, add 0.6 ns/pF if CL > CSPEC, 
subtract 0.3 ns/pF (from modified delay) if CL < 
CSPEC· 

4. tAW = 2 tCY - t03 - tr4>2 - 140 ns (-1:110 
ns, - 2:130 ns). 
5. tow = tCY - t03 - tr4>2 - 170 ns (-1 :150 ns, 
- 2:170 ns). 
6. If not HLDA, two = tWA = t03 + tr4>2 + 10 ns. 
If HLDA, two = tWA = tWF. 
7. tHF = t03 + tr4>2 - 50 ns. 
a. tWF = t03 + tr$2 - 10 ns. 
9. Data in must be stable for this period during 
DBIN T 3. Both tOS1 and tOS2 must be satisfied. 
10. Ready signal must be stable for this period dur­
ing T 2 or T W. (Must be externally synchronized.) 
11. Hold signal must be stable for this period during 
T 2 or T W when entering hold mode, and during T 3, 
T 4, T 5 and T WH when in hold mode. (External syn­
chronization is not required.) 
12. Interrupt signal must be stable during this peri­
od of the last clock cycle of any instruction in order 
to be recognized on the following instruction. (Ex­
ternal synchronization is not required.) 
13. This timing diagram shows timing relationships 
only; it does not represent any specific machine cy­
cle. 
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INSTRUCTION SET 

The accumulator group instructions include arithme­
tic and logical operators with direct, indirect, and im­
mediate addressing modes. 

Move, load, and store instruction groups provide the 
ability to move either 8 or 16 bits of data between 
memory, the six working registers and the accumula­
tor using direct, indirect,and immediate addressing 
modes. 

The ability to branch to different portions of the pro­
gram is provided with jump, jump conditional, and 
computed jumps. Also the ability to call to and return 
from subroutines is provided both conditionally and 
unconditionally. The RESTART (or single byte call 
instruction) is useful for interrupt vector operation. 

Double precision operators such as stack manipula­
tion and double add instructions extend both the 
arithmetic and interrupt handling capability of the 

Data and Instruction Formats 

8080A. The ability to increment and decrement 
memory, the six general registers and the accumula­
tor is provided as well as extended increment and 
decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provid­
ed by the ability to rotate the accumulator left or right 
through or around the carry bit. 

Input and output may be accomplished using memo­
ry addresses as I/O ports or the directly addressed 
I/O provided for in the 8080A instruction set. 

The following special instruction group completes 
the 8080A instruction set: the NOP instruction, 
HALT to stop processor execution and the DAA in­
structions provide decimal arithmetic capability. STC 
allows the carry flag to be directly set, and the CMC 
instruction allows it to be complemented. CMA com­
plements the contents of the accumulator and 
XCHG exchanges the contents of two 16-bit register 
pairs directly. 

Data in the 8080A is stored in the form of 8-bit binary integers; All data transfers to they system data bus will 
be in the same format. 

107 D6 Ds D4 D3 D2 D1 Dol 

DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored in 
successive words in program memory. The instruction formats then depend on the particular operation execut­
ed. 
One Byte Instructions 

Two Byte Instructions 

ID7 D6 Ds D4 D3 02 01 Dol 

ID7 D6 Ds D4 D3 02 01 Dol 

Three Byte Instructions 

10 7 06 Ds 04 03 D2 D1 Dol 

ID7 D6 Os 04 D3 02 D1 Dol 

ID7 06 Ds D4 03 D2 D1 Dol 

OPCODE 

OPERAND 

OPCODE 

LOW ADDRESS OR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 

TYPICAL INSTRUCTIONS 

Register to register, memory reference, 
arithmetic or logical, rotate, return, push, 
pop, enable or disable Interrupt 
instructions 

Immediate mode or 1/0 instructions 

Jump, call or direct load and store 
instructions 

For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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Table 2 Instruction Set Summary 

Instruction Code (1) Operations 
Clock 

Mnemonic' Cycles 
D7D6D5D4 D3D2D1 Do Description 

(2) 

Instruction Code (1) Operations 
Clock 

Mnemonic' Cycles 
D7D6D5D4D3D2D1D~ Description 

(2) 

MOVE, LOAD, AND STORE JM 1 1 1 1 1 0 1 o Jump on minus 10 

MOVrl.r2 0 1 o 0 0 S S S Move register to 5 
register 

MOVM,r 0 1 1 1 o S S S Move register to 7 
memory 

MOVr.M 0 1 0 0 0 1 1 o Move memory to 7 

JPE 1 1 1 0 1 0 1 o Jump on parity 10 
even 

JPO 1 1 1 0 0 0 1 o Jump on parity odd 10 
PCHL 1 1 1 0 1 0 0 1 H & L to program 5 

counter 

register CALL 
MVlr 0 0 o 0 0 1 1 o Move immediate 7 

register 
MVIM 0 0 1 1 0 1 1 o Move immediate 10 

CALL 1 1 0 0 1 1 0 1 Call unconditional 17 
CC 1 1 0 1 1 1 0 o Call on carry 11/17 

memory CNC 1 1 0 1 0 1 0 o Call on no carry 11/17 

LXIB 0 0 0 0 0 0 0 1 Load immediate 10 CZ 1 1 0 0 1 1 0 o Call on zero 11/17 
register Pair B & C CNZ 1 1 0 0 0 1 0 o Call on no zero 11/17 

LXI 0 0 0 0 1 0 0 0 1 Load immediate 10 CP 1 1 1 1 0 1 0 o Call on positive 11/17 
register Pair 0 & E CM 1 1 1 1 1 1 0 o Call on minus 11/17 

LXIH 0 0 1 0 0 0 0 1 Load immediate 10 
register Pair H & L 

STAXB 0 0 0 0 0 0 1 o Store A indirect 7 

CPE 1 1 1 0 1 1 0 o Call on parity even 11/17 
CPO 1 1 1 0 0 1 0 o Call on parity odd 11/17 

STAXD 0 0 0 1 0 0 1 o Store A indirect 7 RETURN 

LDAXB 0 0 0 0 1 0 1 o Load A indirect 7 RET 1 1 0 0 1 0 0 1 Return 10 
LDAXD 0 0 0 1 1 0 1 o Load A indireCt 7 RC 1 1 0 1 1 0 0 o Return on carry 5111 
STA 0 0 1 1 0 0 1 o Store A direct 13 RNC 1 1 0 1 0 0 0 o Return on no carry 5/11 
LOA 0 0 1 1 1 0 1 o Load A direct 13 RZ 1 1 0 0 1 0 0 o Return on zero 5/11 
SHLD 0 0 1 0 0 0 1 o Store H & L direct 16 RNZ 1 1 0 0 0 0 0 o Return on no zero 5111 
LHLD 0 0 1 0 1 0 1 o Load H & L direct 16 RP 1 1 1 1 0 0 0 o Return on positive 5/11 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E. 4 RM t 1 1 1 1 0 0 o Return on minus 5/11 

H & L Registers RPE 1 1 1 0 0 0 0 o Return on parity 5/11 
STACKOPS even 

PUSHB 1 1 0 0 0 1 0 1 Push register Pair 11 
B &C on stack 

RPO 1 1 1 0 0 0 0 o Return on parity 5111 
odd 

PUSH 0 1 1 0 1 0 1 0 1 Push register Pair 11 RESTART 
D & E on stack RST 1 1 A A A 1 1 1 Restart 11 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair 11 
H & Lon stack INCREMENT AND DECREMENT 

PUSH 1 1 1 1 0 1 0 1 Push A and Flags 11 
PSW on stack 
POPB 1 1 0 0 0 0 0 1 Pop register Pair B 10 

&Cofistack 
POP 0 1 1 0 1 0 0 0 1 Pop register Pair 0 10 

& E ofistack 
POPH 1 1 1 0 0 0 0 1 Pop register Pair H 10 

& L ofi stack 
POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 10 

ofistack 
XTHL 1 1 1 0 0 0 1 1 Exchange top of 18 

stack. H&L 

INRr 0 0 DOD 1 0 o Increment register 5 
DCRr 0 0 DOD 1 0 1 Decrement register 5 
INRM 0 0 1 1 0 1 0 o Increment memory 10 
DCRM 0 0 1 1 0 1 0 1 Decrement memol'j 10 
INXB 0 0 0 0 0 0 1 1 Increment B & C 5 

registers 
INXD 0 0 0 1 0 0 1 1 Increment 0 & E 5 

registers 
INXH 0 0 1 0 0 0 1 1 Increment H & L 5 

registers 
DCXB 0 0 0 0 1 0 1 1 Decrement B & C 5 

SPHL 1 1 1 1 1 0 0 1 H & L to stack' 5 DCXD 0 0 0 1 1 0 1 1 Decrement 0 & E 5 
pointer DCXH 0 0 1 0 1 0 1 1 Decrement H & L 5 

LXISP 0 0 1 1 0 0 0 1 Load immediate 10 
stack pointer 

ADD 

INXSP 0 0 1 1 0 0 1 1 Increment stack 5 ADDr 1 0 0 0 0 S S S Add register to A 4 
pointer ADCr 1 0 0 0 1 S S S Add register to A 4 

DCXSP 0 0 1 1 1 0 1 1 Decrement stack 5 with carry 
pointer ADDM 1 0 0 0 0 1 1 o Add memory to A 7 

JUMP ADCM 1 0 0 0 1 1 1 o Add memory to A 7 
with carry 

JMP 1 1 0 0 0 0 1 1 Jump 10 ADI 1 1 0 0 0 1 1 o Add immediate to A 7 
unconditional ACI 1 1 0 0 1 1 1 o Add Immediate to A 7 

JC 1 1 0 1 1 0 1 o Jump on carry 10 with carry 
JNC 1 .1 0 1 0 0 1 o Jump on no carry 10 DADB 0 0 0 0 1 0 0 1 AddB&CtoH&L 10 
JZ 1 1 0 0 1 0 1 o Jump on zero 10 DADO 0 0 0 1 1 0 0 1 AddD&EtoH&L 10 
JNZ 1 1 0 0 0 0 1 o Jump on no zero 10 DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 10 
JP 1 1 1 1 0 0 1 o Jump on positive 10 DADSP 0 0 1 1 1 0 0 1 Add stack pointer 10 

toH&L 
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Table 2 Instruction Set Summary (Continued) 

Instruction Code (1) Operations 
Clock 

~nemonlc' Cycles 
Instruction Code (1) Operations 

Mnemonic' I>J 06 Os 04 03 02 01 Do Description 
(2) 0706 Os 04 03 02 01 Do Description 

SUBTRACT ROTATE 

SUBr 1 0 0 1 0 S S S Subtract register 4 RLC 0 0 0 0 0 1 1 1 Rotate A left 
from A RRC 0 0 0 0 1 1 1 1 Rotate A right 

SBBr 1 0 0 1 1 S S S Subtract register 4 RAL 0 0 0 1 0 1 1 1 Rotate A left 
from A with borrow through carry 

SUBM 1 0 0 1 0 1 1 o Subtract memory 7 
from A 

RAR 0 0 0 1 1 1 1 1 Rotate A right 
through carry 

SB8M 1 0 0 1 1 1 1 o Subtract memory 7 
from A with borrow SPECIALS 

SUI 1 1 0 1 0 1 1 o Subtract 7 CMA 0 0 1 0 1 1 1 1 Complement A 
immediate from A STC 0 0 1 1 0 1 1 1 Set carry 

S81 1 1 0 1 1 1 1 o Subtract 7 
immediate from A 
with borrow 

CMC 0 0 1 1 1 1 1 1 Complement carry 
DAA 0 0 1 0 0 1 1 1 Decimal adiust A 

LOGICAL INPUT/OUTPUT 

ANAr 1 0 1 0 0 S S S And register 4 
with A 

IN 1 1 0 1 1 0 1 1 Input 
OUT 1 1 0 1 0 0 1 1 Output 

XRAr 1 0 1 0 1 S S S Exclusive or 4 CONTROL 
register with A 

ORAr 1 0 1 1 0 S S S Or register with A 4 
CMPr 1 0 1 1 1 S S S Compare register 4 

with A 

EI 1 1 1 1 1 0 1 1 Enable Interrupts 
DI 1 1 1 1 0 0 1 1 Disable Interrupt 
NOP 0 0 0 0 0 0 0 o No-operation 

ANAM 1 0 1 0 0 1 1 o And memory 7 HLT 0 1 1 1 0 1 1 o Halt 
with A 

XRAM 1 0 1 0 1 1 1 o Exclusive Or 7 
memory with A 

ORAM 1 0 1 1 0 1 1 o Or memory with A 7 
CMPM 1 0 1 1 1 1 1 o Compare memory 7 

with A 
ANI 1 1 1 0 0 1 1 o And immediate 7 

with A 
XRI 1 1 1 0 1 1 1 o Exclusive Or 7 

immediate with A 
ORI 1 1 1 1 0 1 1 o Or immediate 7 

with A 
CPI 1 1 1 1 1 1 1 o Compare 7 

immediate with A 

NOTES: 
1. DDD orSSS: B = 000, C = 001, D = 010, E = 011, H = 100, L = 101, Memory = 110, A = 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
'AII mnemonics copyright © Intel Corporation 1977 
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8085AH/8085AH-2/8085AH-1 
8-BIT HMOS MICROPROCESSORS 

Single + SV Power Supply with 10% • On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 

3 MHz, S MHz and 6 MHz Selections Large System Control 

Available • Four Vectored Interrupt Inputs (One Is 

20% Lower Power Consumption than Non-Maskable) Plus an SOSOA-

SOSSA for 3 MHz and S MHz Compatible Interrupt 

1.3 I-Ls Instruction Cycle (SOSSAH); O.S • Serial In/Serial Out Port 

I-Ls (SOSSAH-2); 0.67 I-Ls (SOSSAH-1) • Decimal, Binary and Double Precision 

100% Software Compatible with SOSOA Arithmetic 

On-Chip Clock Generator (with External • Direct Addressing Capability to 64K 

Crystal, LC or RC Network) Bytes of Memory 

• Available in 40-Lead Cerdip and Plastic 
Packages 
(See Packaging Spec., Order #231369) 

The Intel 8085AH is a complete 8-bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 
8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system 
speed. Its high level of system integration allows a minimum system of three IC's [8085AH (CPU), 8156H 
(RAM/IO) and 8755A (EPROM/IO)l while maintaining total system expandability. The 8085AH-2 and 
8085AH-1 are faster versions of the 8085AH. 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a higher level of system integration. 

The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit 
data bus. The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with 
the 8085AH. 
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Figure 1. 8085AH CPU Functional Block Diagram 
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Table 1. Pin Description 

Symbol Type Name and Function 

As-A15 0 ADDRESS BUS: The most significant 8 bits of memory address or the 8 bits of the 
,,- 1/0 address, 3-stated during Hold and Halt modes and during RESET. 

ADo-7 1/0 MULTIPLEXED ADDRESSIDATA BUS: Lower 8 bits of the memory address (or 
1/0 address) appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes the data bus during the second and third clock cycles. 

ALE 0 ADDRESS LATCH ENABLE: It occurs during the firSt clock state of a machine 
cycle and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE is set to guarantee setup and hold times for the address 
information. The falling edge of ALE can also be used to strobe the status 
information. ALE is never 3-stated. 

So, S1 and 101M 0 MACHINE CYCLE STATUS: 

101M S1 So Status 
0 0 1 Memory write 
0 1 0 Memory read 
1 0 1 1/0 write 
1 1 0 1/0 read 
0 1 1 Opcode fetch 
1 1 1 Interrupt Acknowledge 
• 0, 0 Halt 
• X X Hold 
* X X Reset 
* = 3-state (high impedance) 
X = unspecified 

S1 can be used as an advanced R/W status. 101M, SO and S1 become valid at the 
beginning of a machine cycle and remain stable throughout the cycle. The falling 
edge of ALE may be used to latch the state of these lines. 

RD 0 READ CONTROL: A low level on RD indicates the selected memory or 1/0 device 
is to be read and that th~ Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 

WR 0 WROTE CONTROL: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or 1/0 location. Data is set up at the trailing edge 
of WR. 3-stated during Hold and Halt modes and during RESET. 

READY I READY: It READY is high during a rea~ or write cycle, it indicates that the memory 
or peripheral is ready to send or receive data. If READY is low, the CPU will wait an 
integral number of clock cycles for READY to go high before completing the read 
or write cycle. READY must conform to specified setup and hold times. 

HOLD I HOLD: Indicates that another master is requesting the use of the address and data 
buses. The CPU, upon receiving the hold request, will relinquish the use of the bus 
as soon as the completion of the current bus transfer. Internal processing can 
continue. The processor can regain the bus onl~fter the HOLD ~ removed. When 
the HOLD is acknowledged, the Address, Data RD, WR, and 101M lines are 
3-stated. 

HLDA 0 HOLD ACKNOWLEDGE: Indicates that the CPU has received the HOLD request 
and that it will relinquish the bus in the next clock cycle. HILDA goes low after the 
Hold request is removed. The CPU takes the bus one half clock cycle after HLDA 
goes low. 

INTR I INTERRUPT'REQUEST: Is used as a general purpose interrupt. It is sampled only 
during the next to the last clock cycle of an instruction and during Hold and Halt 
states. If it is active, the Program Counter (PC) will be inhibited from incrementing 
and an INT A will be issued. During this cycle a RESTART or CALL instruction can 
be inserted to jump to the interrupt service routine. The INTR is enabled and 
disabled by software. It is disabled by Reset and immediately after an interrupt is 
accepted. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

INTA 0 INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) 
RD during the Instruction cycle after an INTR is accepted. It can be used to 
activate an 8259A Interrupt chip or some other interrupt port. 

RST5.5 I RESTART INTERRUPTS: These three inputs have the same timing as INTR 
RST6.5 except they cause an internal RESTART to be automatically inserted. 
RST7.5 The priority of these interrupt is ordered as shown in Table 2. These interrupts have 

a higher priority than INTR. In addition, they may be individually masked out using 
the SIMinstruction. 

TRAP I TRAP: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. (See Table 2.) 

RESET IN I RESET IN: Sets the Program Counter to zero and resets the Interrupt Enable and 
HlDA flip-flops. The data and address buses and the control lines are 3-stated 
during RESET and because of the asynchronous nature of RESET, the processor's 
internal registers and flags may be altered by RESET with unpredictable results. 
RESET IN is a Schmitt-triggered input, allowing connection to an R-C network for 
power-on RESET delay (see Figure 3). Upon power-up, RESET IN must remain low 
for at least 10 ms after minimum Vcc has been reached. For proper reset 
operation after the power-up duration, RESET IN should be kept Iowa minimum of 
three clock periods. The CPU is held in the reset condition as long as RESET IN is 
applied. 

RESET OUT 0 RESET OUT: Reset Out indicates CPU is being reset. Can be used as a system 
reset. The signal is synchronized to the processor clock and lasts an integral 
number of clock periods. 

Xt, X2 I Xl and X2: Are connected to a crystal, lC, or RC network to drive the internal 
clock generator. Xt can also be an external clock input from a logic gate. The input 
frequency is divided by 2 to give the processor's internal operating frequency. 

ClK 0 CLOCK: Clock output for use as a system clock. The period of ClK is twice the Xt, 
X2 input period. 

SID I SERIAL INPUT DATA LINE: The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

SOD 0 SERIAL OUTPUT DATA LINE: The output SOD is set or reset as specified by the 
SIM instruction. 

VCC POWER: + 5 volt supply. 

VSS GROUND: Reference. 

Table 2. Interrupt Priority, Restart Address and Sensitivity 

Name Priority 
Address Branched to(1) 

Type Trigger 
When Interrupt Occurs 

TRAP 1 24H Rising Edge AND High level until Sampled 

RST7.5 2 3CH Rising Edge (latched) 

RST6.5 3 34H High level until Sampled 

RST5.5 4 2CH High level until Sampled 

INTR 5 (Note 2) High level until Sampled 

NOTES: 
1. The processor pushes the PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the CPU when the interrupt is acknowledged. 
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RESET IN 

R, 
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I : 
TYpical Power-On Reset RC Values' 
R1 ~ 75 KIl 
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c, 

I~ 
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'Values May Have to Vary Due to Applied Power Supply Ramp 
Up Time. 

Figure 3. Power-On Reset Circuit 

FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single + 5V supply; Its basic clock speed is 3 MHz 
(8085AH), 5 MHz (8085AH-2), or 6 MHz (8085-AH-1), 
thus improving onthe present 8080A's performance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC's: The CPU 
(8085AH), a RAMIIO (8156H), and an EPROMIIO 
chip (8755A). 

The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 
8085AH register set is as follows: 
Mnemonic Register . Contents 
ACC or A Accumulator 8 Bits 
PC Program Counter 16-Bit Address 
BC, DE, HL General-Purpose 8-Bits x 6 or 

Registers; data 16 Bits x 3 

SP 
pointer (HL) 
Stack Pointer 

Flags or F Flag Register 
16-Bit Address 
5 Flags (8-Bit Space) 

The 8085AH uses a multiplexed Data Bus. The ad­
dress is split between the higher 8-bit Address Bus 
and the lower 8-bit AddresslData Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the AddresslData bus. 
These lower 8 bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo­
ry or 1/0 data. 

The 8085AH provides RD, WR, So, S1, and 10lM 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter­
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 

(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE­
START inputs, 5.5, 6.5, and 7.5, has a programma­
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three maskable interrupt cause the internal exe­
cution of RESTART (saving the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter­
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta­
ble 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi­
tive like INTR (and INT on the 8080) and are recog­
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter­
nal flip-flop which generates the internal interrupt re­
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im­
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto­
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
8085AH. The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 

The status of the three RST interrupt masks can 
only be affected by the 81M instruction and 
RESET IN. (See SIM, Chapter 5 of the 8080/8085 
User's Manual.) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high­
est priority, RST 7.5, RST 6.5, RST 5.5, INTR-Iow­
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be­
fore the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
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highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il­
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an EI in­
struction is executed. 

EXTERNAL 
TRAP 
INTERRUPT 
REOUEST 

INSIDE THE 
8085AH 

TRAP 

SCHMITT 
TRIGGER 

RESET 

+5V 0 eLK 

o 
FlF 

INTERNAL TRAP F.F. 
TRAP 

ACKNOWLEDGE 

231718-4 

Figure 4. TRAP and RESET In Circuit 

The TRAP interrupt is special in that it disables inter­
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur­
rent interrupt enable status. Performing a RIM in­
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter­
rupts are disabled. See the description of the RIM 
instruction in the 8080/8085 Family User's Manual. 

The serial 110 system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 

DRIVING THE X1 AND X2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 

hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 

Parallel resonance at twice the clock frequency de­
sired 
CL (load capacitance) ::; 30 pF 
Cs (Shunt capacitance) ::; 7 pF 
Rs (equivalent shunt resistance) ::; 750 
Drive level: 10 mW 
Frequency tolerance: ± 0.005% (suggested) 

Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre­
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler­
ance of approximately ± 1 0% is acceptable. The 
components are chosen from the formula: 

f = 1 
27TJL(Cext + Cint) 

To minimize variations in frequency, it is recom­
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An RC circuit may be used as the frequency-deter­
mining network for the 8085AH if maintaining a pre­
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi­
mately 3 MHz. It is not recommended that frequen­
cies greatly higher or lower than this be attempted. 

Figure 5 shows the recommended clock driver cir­
cuits. Note in d and e that pullup resistors are re­
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera­
tor will be improved by driving both Xl and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla­
tion of the 8085AH, be sure that X2 is not coupled 
back to Xl through the driving circuit. 
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Figure 5. Clock Driver Circuits 

GENERATING AN 8085AH WAIT 
STATE 

If your system requirements are such that slow 
memories or peripheral devices are being used, the . 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 

The D flip-flops should be chosen so that 
• ClK is rising edge-triggered 
• CLEAR is low-level active. 

r--' 
CLEAR IOIISAH 

AlE' __ 
CLK eLK OUTPUT' 

"0" 
FIF 

Q 
0 +5V-

- CLK 

"0" 
FIF 

0 

TO -lADY R 
- IN 
~O-. 

PUT 

231716-10 
• ALE and ClK (OUn should be buffered if ClK input of latch 
exceeds 6065AH IOl or IOH. 

Figure 6. Generation of a 
Wait State for 8085AH CPU 

As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory.· HOLD causes the CPU 
to relinquish the bus when it is through with it by 
floating the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H and 8755A will have the following 
features: 

• 2K Bytes EPROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8.bit I/O Ports 

• t 6-bit I/O Port 

• 4 Interrupt levels 

• Serial In/Serial Out Ports 
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This minimum system, using the standard I/O tech­
nique is as shown in Figure 7. 

In addition to the standard I/O, the memory mapped 
I/O offers an efficient I/O addressing technique. 
With this technique, an area of memory address 
space is assigned for I/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 

riD~ 
Vss vee r 1 1 

shows the system configuration of Memory Mapped 
I/O using 8085AH. 

The 8085AH CPU can also interface with the stan­
dard memory that does not have the multiplexed ad­
dress/data bus. It will require a simple 8-bit latch as 
shown in Figure 9. 
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• NOTE: 
Optional Connection 

Figure 7. 8085AH Minimum System (Standard 1/0 Technique) 
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Figure 9. 8085 System (Using Standard Memories) 
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BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad­
dress on the Data Bus. Figure 10 shows an instruc­
tion fetch, memory read and 1/0 write cycle (as 
would occur during processing of the OUT instruc­
tion). Note that during the 1/0 write and read cycle 
that the I/O port address is copied on both the up­
per and lower half of the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, S1, So) and 

the three control signals (RD, WR, and INTA). (See 
Jable 3.) The status lines.can be used as advanced 
controls (for device selection, for example), since 
they become active at the T 1 state, at the outset of 
each machine cycle. Control lines RD and WR be- . 
come active later, at the time when the transfer of 
data is to take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor­
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi­
ble states, shown in Table 4. 

Table 3_ 8085AH Machine Cycle Chart 

Maj:hine Cycle 
Status Control 

101M 51 SO RD WR INTA 

OPCODE FETCH (OF) 0 1 1 0 1 1 

MEMORY READ (MR) 0 1 0 0 1 1 

MEMORY WRITE (MW) 0 0 . 1 1 0 1 

I/O READ (lOR) 1 1 0 0 1 1 

1/0 WRITE (lOW) 1 0 1 1 0 1 

ACKNOWLEDGE 
OFINTR (INA) 1 1 1 1 1 0 

BUS IDLE (BI): DAD 0 1 0 1 1 1 
ACK.OF 
RST,TRAP 1 1 1 1 1 1 
HALT TS 0 0 TS TS 1 

Table 4. 8085AH Machine State Chart 

Machine Status & Buses Control 

State 51,50 101M Aa-A15 ADo-AD7 RD,WR INTA ALE 

T1 X X X X 

T2 X X X X 

TWAIT X X X X 

T3 X X X X 

T4 1 ot X TS 

T5 1 ot X TS 

Ts 1 ot X TS 

TRESET X TS TS TS 

THALT 0 TS TS TS 

THOLD X TS TS TS 
... " o - Logic 0 T5 = High Impedance 

1 = Logic "1" X = Unspecified 
• ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
tlOfM = 1 during T 4 - T 6 of INA machine cycle. 
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Figure 10. 8085AH Basic System Timing 

24-21 



SOS5AH/SOS5AH-2/S0S5AH-1 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias ...... O·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 .......................... 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

S085AH, 80S5AH-2: T A = O·C to 70·C, Vee = 5V ± 10%, Vss = OV; unless otherwise specified" 

S085AH-1: TA = O·C to 70·C, Vee = 5V ±5%, Vss = OV; unless otherwise specified' 

Symbol Parameter Min Max Units 

VIL Input low Voltage -0.5 +O.S V 

VIH Input High Voltage 2.0 Vee +0.5 V 

VOL Output low Voltage 0.45 V 

VOH Output High Voltage 2.4 V 

lee Power Supply Current 135 mA 

200 mA 

IlL Input leakage ±10 /LA 

ILO Output leakage ±10 /LA 

VILR Input low level, RESET -0.5 +O.S V 

VIHR Input High level, RESET 2.4 Vee + 0.5 V 

VHY Hysteresis, RESET 0.15 V 

A.C. CHARACTERISTICS 
80S5AH, SOS5AH-2: T A = O·C to 70·C, Vee = 5V ± 10%, Vss = OV' 

80S5AH-1: TA = O·C to 70·C, Vee = 5V ±5%, Vss = OV 

Symbol Parameter 
. 8085AH (2) 

Min Max 

teye ClK Cycle Period 320 2000 

t1 ClK low Time (Standard ClK loading) 80 

t2 ClK High Time (Standard ClK loading) 120 

tr, tj ClK Rise and Fall Time 30 

tXKR X1 Rising to ClK Rising 20 120 

tXKF X1 Rising to ClK Falling 20 150 

tAe AS-15 Valid to leading Edge of Control (1) 270 

tAeL AO-7 Valid to leading Edge of Control 240 

tAD AO-15 Valid to Valid Data In 575 

tAFR Address Float after leading Edge of 0 
READ (INTA) 

tAL AS-15 Valid before Trailing Edge of ALE (1) 115 

'NOTE: 
For Extended Temperature EXPRESS use MSOS5AH Electricals Parameters. 
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8085AH.2 (2) 

Min Max 

200 2000 

40 

70 

30 

20 100 

20 110 

115 

115 

350 

0 

50 

Test Conditions 

IOL = 2mA 

IOH = - 400 /LA 

S085AH, SOS5AH-2 

S085AH-1 

o ~ VIN ~ Vee 

0.45V ~ VOUT ~ Vee 

8085AH-1 (2) 
Units 

Min Max 

167 2000 ns 

20 ns 

50 ns 

30 ns 

20 100 ns 

20 110 ns 

70 ns 

60 ns 

225 ns 

0 ns 

25 ns 
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A.C. CHARACTERISTICS (Continued) 

Symbol Parameter 
8085AH (2) 8085AH-2 (2) 8085AH-1 (2) 

Units 
Min Max Min Max Min Max 

tAll AO-7 Valid before Trailing Edge of ALE 90 50 25 ns 

tARY READY Valid from Address Valid 220 100 40 ns 

tCA Address (AS-15) Valid after Control 120 60 30 ns 

tcc Width of Control low (RD, WR, INTA) 400 230 150 ns 
Edge of ALE 

tCl Trailing Edge of Control to leading Edge 50 25 0 ns 
of ALE 

tow Data Valid to Trialing Edge of WRITE 420 230 140 ns 

tHABE HlDA to Bus Enable 210 150 150 ns 

tHABF Bus Float after HlDA 210 150 150 ns 

tHACK HlDA Valid to Trailing Edge of ClK 110 40 0 ns 

tHOH HOLD Hold Time 0 0 0 ns 

tHOS HOLD Setup Time to Trailing Edge of ClK 170 120 120 ns 

tlNH INTR Hold Time 0 0 0 ns 

tiNS INTR, RST, and TRAP Setup Time to 160 150 150 ns 
Falling Edge of ClK 

tLA Address Hold Time after ALE 100 50 20 ns 

tlC Trailing Edge of ALE to leading Edge 130 60 25 ns 
of Control 

tlCK ALE low During ClK High 100 50 15 ns 

tLDR ALE to Valid Data during Read 460 270 175 ns 

tLDW ALE to Valid Data during Write 200 140 110 ns 

tll ALE Width 140 80 50 ns 

tlRY ALE to READY Stable 110 30 10 ns 

tRAE Trailing Edge of READ to Re-Enabling 150 90 50 ns 
of Address 

tRO READ (or INTA) to Valid Data 300 150 75 ns 

tRY Control Trailing Edge to leading Edge 400 220 160 ns 
of Next Control 

tRoH Data Hold Time after READ INTA 0 0 0 ns 

tRYH READY Hold Time 0 0 5 ns 

tRYS READY Setup Time to leading Edge 110 100 100 ns 
ofClK 

. two Data Valid after Trailing Edge of WRITE 100 60 30 ns 

twol lEADING Edge of WRITE to Data Valid 40 20 30 ns 

NOTES: 
1. Aa-A15 address Specs apply 101M, SO, and S1 except Aa-A15 are undefined during T 4 - T 6 of OF cycle whereas 101M, 
SO, and S1 are stable. 
2. Test Conditions: teye = 320 ns (SOS5AH)/200 ns (SOS5AH-2);/167 ns (SOS5AH-1); CL = 150 pF. 
3. For all output timing where C "" 150 pF use the following correction factors: 

25 pF S; CL < 150 pF: -0.10 ns/pF 
150 pF < CL S; 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of teye use Table 5. 
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A.C. TESTING INPUT. OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING LOAD CIRCUIT 
, 

.. ~u u)C .>. TEST POINTS < . 
DEVICE 

~CL=150'PF 
UNDER 

TEST 

D.. 0.1 
0.45 

231718-15 

A.C. Testing: Inputs are driven at 2.4V for a Logic "I" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Leglc "I" and 0.8V for a Logic "0". 

-= 

CL = 100 pF 
CL Includes Jig Capacitance 

Table 5. Bus Timing Specification as a TCYC Dependent 

Symbol 8085AH 8085AH·2 8085AH·1 

tAL (1/2)T - 45 (1/2)T - 50 (1/2)T - 58 

tLA (1/2)T - 60 (1/2)T - 50 (1/2)T - 63 

tll (1/2)T - 20 (1/2)T - 20 (1/2)T - 33 

tlCK (1/2)T - 60 (1/2)T - 50 (1/2)T - 68 

tlC (1/2)T - 30 (1/2)T - 40 (1/2)T - 58 

tAO (5/2 + N)T - 225 (5/2 + N)T - 150 (5/2 + N)T - 192 

tRO (3/2 + N)T - 180 (3/2 + N)T - 150 (3/2 + N)T - 175 

tRAE (1/2)T - 10 (1/2)T - 10 (1/2)T - 33 

teA (1/2)T - 40 (1/2)T - 40 (1/2)T - 53 

tow (3/2 + N)T - 60 (3/2 + N)T - 70 (3/2 + N)T - 110 

two (1/2)T - 60 (1/2)T- 40 (1/2)T - 53 

tcc (3/2 + N)T - 80 (3/2 + N)T - 70 (3/2 + N)T - 100 

tCl (1/2)T - 110 (1/2)T - 75 (1/2)T - 83 

tARY (3/2)T - 260 (3/2)T - 200 (3/2)T - 210 

tHACK (1/2)T - 50 (1/2)T - 60 (1/2)T - 83 

tHABF (1/2)T +'50 (1/2)T + 50 (1/2)T + 67 

tHABE (1/2)T + 50 (1/2)T + 50 (1/2)T + 67 

tAC (2/2)T - 50 (2/2)T - 85 (2/2)T - 97 

t1 (1/2)T - 80 (1/2)T - 60 (1/2)T - 63 

t2 (1/2)T - 40 (1't2)T - 30 (1/2)T - 33 

tRY (3/2)T - 80 (3/2)T - 80 (3/2)T - 90 

tlOR (4/2 + N)T - 180 (4/2)T - 130 (4/2)T - 159 

NOTE: 
N is equal to the total WAIT states. T = Icvc. 
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Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 

Maximum 

Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 

Minimum 

Maximum 

Maximum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 
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WAVEFORMS 

CLOCK 

Xl INPUT 

elK 
OUTPUT 

READ 

WRITE 

fr_I_' __ _ 

I-"--~, 
tXKR _-_____ teye ______ _ 

-tXKF-

T, I T, T, T, 

elK \~---,/~-J---,' \'-_-J! \~---J 
_llCK _ - .teA _ 

S ). ADDRESS 

~I-
tRAE ~ ---I--- . -------._ ... ... -----1AO -- -.~ IRDH -. 

7 ) ADDRESS <fll. /////-.J DATA IN 
,., 11---

,,---

ALE 

t f-tlL- -- f LA .. -------

tAFR ___ - 'lOR---~ -'Cl-J 

_tAL_ J-- ...... ·'RO--
I _--'CC .~ 

_tlC ---" 
ROflNTA 

_IAC_ 

T, I T, I T, I T, 

eLK \~---J! ~_----J/"'-"""'\'-_-J!"'-"""'\'------' 
r'm-I' 

)! ADDRESS X 
r tLDW -

I'CA-I 
) ADDRESS ) DATA OUT X 
I-i tLL_1 4-- tLA---1 -tow . _two_I 

ALE 
~ f-- tWDL tJ 

_tAL_ 

-tee . 
~'"=f 

__ tCL _ 

tAC -

WR 
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WAVEFORMS (Continued) 

HOLD 

T2 T3 THOLD T HOLD T, 

:\ ClK \ / \ / \ 

HOLD t "\ ~~ 
'HOS· ~HDH r- t HACK " 

t \ 
- to-- t HABF -

I. tHABE-H 

HlDA 

BUS (ADDRESS. CONTROlSI >---1 1.1"" 

I 

231718-20 

READ OPERATION WITH WAIT CYCLE (TYPICAL)-SAME READY TIMING APPLIES TO WRITE 

I T, T2 TWAIT T3 T, 

ClK J ~ 

4-- tLCK _teA ____ 

Ae·A'5 ) ADDRESS 

- 'AD - tROH .. J'RAE-
ADo ,AD, ) ADDRESS 'fill $#) DATA IN 

.,.. 
; 
'I 

i4-t-'u- -tLA-

I tAFR_ - -'CL-J ALE tLOR 

'. 'Al . 1- 'RD . 
I 

RO/iNTA I -'LC_'{ .. ~~-'CC 
i 

I---- -'LRY J tAC----+ 

! • tARv .,1 tRVS tRY" .1. tRYS tRVH 

READV ,--"-I-IIIIIIII/! I 
231718-21 

NOTE: 
1. Ready must remain stable during setup and hold times. 
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WAVEFORMS (Continued) 

INTERRUPT AND HOLD 

I THOLO I T, 

11------ BUS FLOATING" ----~ 

ALE 

oo------------~----~~----------------~ 

t HA8E 

HOLD 

HLDA 

231718-22 

• NOTE: 
101M is also floating during this time. 
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Table 6. Instruction Set Summary 

Mnemonic Instruction Code Operations 
D7 D6 Ds D4 D3 D2 D1 Do Description 

Instruction Code Operations 
Mnemonic D7 D6 Ds D4 D3 D2 D1 Do Description 

MOVE, LOAD AND STORE STACK OPS (Continued) 

MOVr1 r2 0 1 ODD S S S Move register POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 
to register off stack 

MOVM.r 0 1 1 1 0 S S S Move register XTHL 1 1 1 0 0 0 1 1 Exchange top of 
to memory stack, H & L· 

MOVr.M 0 1 0 0 D 1 1 0 Move memory SPHL 1 1 1 1 1 0 0 1 H&Ltostack 
to register pointer 

MVlr 0 0 0 0 D 1 1 0 Move immediate LXISP 0 0 1 1 0 0 0 1 Load immediate 
register stack pOinter 

MVIM 0 0 1 1 0 1 1 0 Move immediate INXSP 0 0 1 1 0 0 1 1 Increment stack 
memory pOinter 

LXIB' 0 0 0 0 0 0 0 1 Load immediate OCXSP 0 0 1 1 1 0 1 1 Decrement stack 
register Pair B & C pointer 

LXID 0 0 0 1 0 0 0 1 Load immediate !JUMP 
register Pair 0 & E JMP 1 1 0 0 0 0 1 1 Jump unconditional 

LXIH 0 0 1 0 0 0 0 1 Load immediate 
register Pair H & L 

STAXB 0 0 0 0 0 0 1 0 Store A indirect 

JC 1 1 0 1 1 0 1 o Jump on carry 

JNC 1 1 0 1 0 0 1 '0 Jump on no carry 

STAXO· 0 0 0 1 0 0 1 0 Store A indirect 
JZ 1 1 0 0 1 0 1 o Jump on zero 

LOAXB 0 0 1 0 1 0 1 0 Load A indirect 
JNZ 1 1 0 0 0 0 1 o Jump on no zero 

LOAXO 0 0 0 1 1 0 1 0 Load A indirect 
JP 1 1 1 1 0 0 1 o Jump on positive 

STA 0 0 1 1 0 0 1 0 Store A direct 
JM 1 1 1 1 1 0 1 o Jump on minus 

LOA 0 0 1 1 1 0 1 0 Load A direct 
JPE 1 1 1 0 1 0 1 o Jump on parity even 

SHLD 0 0 1 0 0 0 1 0 Store H & L direct 
JPO 1 1 1 0,0 0 1 o Jump on parity odd 

LHLO 0 0 1 0 1 0 1 0 Load H & L direct 
PCHL 1 1 1 0 1 0 0 1 H & L to program 

counter 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E, CALL 

H & L Registers 
CALL 1 1 0 

STACKOPS 
0 1 1 0 1 Call unconditional 

PUSHB 1 1 0 0 0 1 0 1 Push register Pair 
B&Constack 

CC 1 1 0 1 1 1 0 o Call on carry 

CNC 1 1 0 1 0 1 0 o Call on no carry 

PUSH 0 1 1 0 1 0 1 0 1 Push register Pair CZ 1 1 0 0 1 1 0 o Call on zero 

O&Eonstack CNZ 1 1 0 0 0 1 0 o Call on no zero 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair CP 1 1 1 1 0 1 0 o Call on positive 
H&Lonstack CM 1 1 1 1 1 1 0 o Call on minus 

PUSH 1 1 1 1 0 1 0 1 
PSW 

Push A and Flags CPE 1 1 1 
on stack 

0 1 1 0 o Call on parity even 

POPB 1 1 0 0 0 0 0 1 Pop register Pair 
B & C off stack 

CPO 1 1 1 0 0 1 0 o Call On parity odd 

RETURN 

POPD 1 1 0 1 0 0 0 1 Pop register Pair RET 1 1 0 0 1 0 0 1 Return 

o & E off stack RC 1 1 0 1 1 0 0 0 Return on carry 

POPH 1 1 1 0 0 0 0 1 Pop'register Pair RNC 1 1 0 1 0 0 0 0 Return on no carry 
H & L off stack RZ 1 1 0 0 1 0 0 0 Return on zero 
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Table 6. Instruction Set Summary (Continued) 

Mnemonic. Instruction Code . Operations 
07 06 Os 04 03 02 01 Do Description 

Mnemonic Instruction Code . Operations 
D7 06 Os 04 03 02 01 Do Description 

RETURN (Continued) ADD (Continued) 

RNZ 1 1 0 0 0 0 0 0 Return on no zero DADD o 0 0 1 1 0 0 1 AddD&EtoH&L 

RP 1 1 1 1 0 0 0 0 Return on positive DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 

RM 1 1 1 1 1 0 0 0 Return on minus DAD5P 0 0 1 1 1 0 0 1 Add stack pointer 

RPE 1 1 1 0 1 0 0 0 Retumon toH&L 

parity even SUBTRACT 

RPO 1 1 1 0 0 0 0 0 Return on 5UBr 1 0 0 1 0 5 5 5 Subtract register 
parity odd from A 

RESTART 5BBr 1 0 0 1 1 5 5 5 Subtract register 

R5T 1 1 A A A 1 1 1 Restart from A with borrow 

INPUT/OUTPUT 5UBM 1 0 0 1 0 1 1 o Subtract memory 
from A 

IN 1 1 0 1 1 0 1 1 Input 

OUT 1 1 0 1 0 0 1 1 Output 
5BBM 1 0 0 1 1 1 1 o Subtract memory 

from A with borrow 
INCREMENT AND DECREMENT SUI 1 1 0 1 0 1 1 o Subtract immediate 
INRr 0 0 D D D 1 0 0 Increment register from A 

DCRr 0 0 D D D 1 0 1 Decrement register 5BI 1 1 0 1 1 1 1 o Subtract immediate 

INRM 0 0 1 1 0 1 0 0 Increment memory from A with borrow 

DCRM 0 0 1 1 0 1 0 1 Decrement memory LOGICAL 

INXB 0 0 0 0 0 0 1 1 Increment B & C ANAr 1 0 1 0 0 5 5 5 And register with A 

registers XRAr 1 0 1 0 1 5 5 5 Exclusive OR 

INXD 0 0 0 1 0 0 1 1 Increment D & E register with A 

registers ORAr 1 0 1 1 0 5 5 5 OR register 

INXH 0 0 1 0 0 0 1 1 Increment H & L with A 

registers CMPr 1 0 1 1 1 5 5 5 Compare register 

DCXB 0 0 0 0 1 0 1 1 Decrement B & C with A 

DCXD 0 0 0 1 1 0 1 1 Decrement D & E ANAM 1 0 1 0 0 1 1 o And memory with A 

DCXH 0 0 1 0 1 0 1 1 Decrement H & L XRAM 1 0 1 0 1 1 1 o Exclusive OR memo!,) 
with A 

ADD 

ADDr 1 0 0 0 0 5 5 5 Add register to A 

ADCr 1 0 0 0 1 5 5 5 Add register to A 
with carry 

ORAM 1 0 1 1 0 1 1 o OR memory with A 

CMPM 1 0 1 1 1 1 1 o Compare 
memory with A 

ANI 1 1 1 0 0 1 1 o And immediate 
ADDM 1 0 C 0 0 1 1 o Add memory to A with A 
ADCM 1 0 0 0 1 1 1 o Add memory to A XRI 1 1 1 0 1 1 1 o Exclusive OR 

with carry immediate with A 
ADI 1 1 0 0 0 1 1 o Add immediate to A ORI 1 1 1 1 0 1 1 o OR immediate 
ACI 1 1 0 0 1 1 1 o Add immediate to A with A 

with carry CPI 1 1 1 1 1 1 1 o Compare 
DADB 0 0 0 0 1 0 0 1 AddB&CtoH&L immediate with A 
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Table 6. Instruction Set Summary (Continued) 

Operations Mnemonic Instruction Code 
07 Os 05 04 03 02 01 Do Description 

Mnemonic Instruction Code 
07060504030201 Do 

ROTATE CONTROL 

RLC 0 0 0 0 0 1 1 1 Rotate A left EI 1 1 1 1 1 0 

RRC 0 0 0 0 1 1 1 1 Rotate A right 01 1 1 1 1 0 0 

RAL 0 0 0 1 0 1 1 1 Rotate A left NOP 0 0 0 0 0 0 
through carry HLT 0 1 1 1 0 1 

RAR 0 0 0 . 1 1 1 1 1 Rotate A right NEW 8085AH INSTRUCTIONS 
through carry 

RIM 0 0 1 ·0 
SPECIALS 

CMA 0 0 1 0 1 1 1 1 Complement A SIM 0 0 1 1 
STC 0 0 1 1 0 1 1 1 Set carry 

CMC 0 0 1 1 1 1 1 1 Complement carry 

DAA 0 0 1 0 0 1 1 1 Decimal adjust A 

NOTES: 
1. DDS or SSS: B 000, COOl, 0010, EOll, H 100, L101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags . 
• All mnemonics copyrighted @)Intel Corporation 1976. 
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Operations 
Description 

Enable Interrupts 

Disable Interrupt 

No·operation 

Halt 

Read Interrupt 
Mask 

Set Interrupt Mask 
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8155H/8156H/8155H-2/8156H-2 

2048-BIT STATIC HMOS RAM 
WITH 1/0 PORTS AND TIMER 

• Single +5V Power Supply with 10% • 1 Programmable 6-Bit I/O Port 
Voltage Margins • Programmable 14-Bit Binary Counter/ 

• 30% Lower Power Consumption than Timer 
the 8155 and 8156 • Compatible with 8085AH and 8088 CPU 

• 256 Word x 8 Bits • Multiplexed Address and Data Bus 

• Completely Static Operation • Available in EXPRESS 

• Internal Address Latch - Standard Temperature Range 

• 2 Programmable 8-Bit I/O Ports - Extended Temperature Range 

The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate 
technology (HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit 
use with no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 have maximum access times of 330 ns for 
use with the 8085H-2 and the 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. . 

G 
101M 

PAo- 7 

ADo, 256 X 8 

STATIC 

RAM 

G 
* 

PBo-7 
ALE 

RD 

G 
WR 

PCO- S 
RESET TIMER 

TIMER elK VCC 1+5VI 

TIMER OUT vss lovi 

231719-1 
'8155H/8155H·2 = CEo 8156H/8156H·2 = CE 

Figure 1. Block Diagram 
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PC3 Vee 

PC. PC2 

TIMER IN PC, 

RESET PCo 

PCs PB, 

TIMER OUT PBs 

101M PBs 

PB. 

AD PB3 

WR PB2 

ALE PB, 

ADo PBo 

AD, PA, 

AD2 PAs 

AD3 PAs 

AD. PA. 

ADs PA3 

AD. PA2 

AD, PA, 

V's PAo 

231719-2 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231719-001 
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Table 1. Pin Description 

Symbol Type Name and Function 

RESET I RESET: Pulse provided by the 8085AH tc;> initialize the system (connect to 
8085AH RESET OUT). Input high on this line resets the chip and initializes the 
three 110 ports to input mode. The width of RESET pulse should typically be 
two 8085AH clock cycle times. 

ADo-7 1/0 ADDRESS/DATA: 3-state Address/Data lines that interface with the CPU 
lower 8-bit AddresslData Bus. The 8-bit address is .iatched into the address 
latch inside the 8155H/56H on the falling edge of ALE. The address c~ be 
either for the memory section or the 1/0 section depending on the 101M input. 
The 8-bit data ~either written into the chip or read from the chip, depending 
on the WR or RD input signal. 

CEorCE I CHIP ENABLE: On the 8155H, this pin is CE and is ACTIVE LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 

RD I READ CONTROL: Input low on this line with the Chip Enable active enables 
and ADo_7 buffers. If 101M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected 1/0 port or commandlstatus 
registers will be read to the AD bus. 

WR I WRITE CONTROL: Input low on this line with the Chip Enable active causes 
the data on the Address/Data bus to be writt~n to the RAM or 1/0 ports and 
commandlstatus register, depending on 101M. 

ALE I ADDRESS LATCH ENABLE: This control signal latches ~th the address on 
the ADo-7 lines and the state of the Chip Enable and 101M into the chip at the 
falling edge of ALE. 

101M I 1/0 MEMORY: Selects memory if low and 1/0 andcommandlstatus registers 
if high. 

PAO-7 (8) 1/0 PORT A: These 8 pins are general purpose 1/0 pins. The inlout direction is 
selected by programming the command register. 

PBO-7 (8) 1/0 PORT B: These 8 pins are general purpose 1/0 pins. The in lout direction is 
selected by programming the command register. 

PCO-5 (6) 1/0 PORT C: These 6 pins can function as either input port, output port, or as 
control signals for PA and PB. Programming is done through the command 
register. When PCO-5 are used as control signals, they will provide the 
following: 
PCo-A INTR (Port A Interrupt) 
PC1-ABF (Port A Buffer Full) 
PC~A STB (Port A Strobe) 
PCs-B INTR (Port B Interrupt) 
PC4-B BF (Port B Buffer Full) 
PC5-B STB (Port B Strobe) 

TIMER IN I TIMER INPUT: Input to the timer-counter. 

TIMER OUT 0 TIMER OUTPUT: This output can be either a square wave or a pulse, 
depending on the timer mode. 

Vee VOLTAGE: + 5V supply. 

Vss GROUND: Ground reference. 
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FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

• 2K Bit Static RAM organized as 256 x 8 

• Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 
port (PC) 

• 14-bit timer-counter 

The 10/M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAO-7, PBO-7, 
PCO-5) or the memory (RAM) portion. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _________ -.J 

231719-3 

The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 10lM are all latched on­
chip at the falling edge of ALE. 

Figure 3. 8155H/8156H Internal Registers 

Ci (111S5H ) \ / '\ 
OR 

CE (111S5H ) / \ / 

101M \ / \ 

X ADDRESS / X DATA VALID 

" 
AL E 

NOTE: 231719-4 
For detailed timing information, see Figure 12 and A.C. Characteristics. 

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE COMMAND 
REGISTER 

READING THE STATUS REGISTER 

The command register consists of eight latches. 
Four bits (0-3) define the mode of the ports, two bits 
(4-5) enable or disable the interrupt from port C 
when it acts as control port, and the last two bits 
(6-7) are for the timer. 

The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 

The command register contents can be altered at 
any time by using the 110 address XXXXXOOO during 
a WRITE operation with the Chip Enable active and 
10/M = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com­
mand register may never be read. 

The status of the timer and the liD section can be 
polled by reading the Status Register (Address 
XXXXXOOO). Status word format is shown in Figure 
6. Note that you may never write to the status regis­
ter since the command register shares the same liD 
address and the command register is selected when 
a write to that address is issued. 

6 3 2 1 

0'" INPUT 

OEFINES PBO_7 1 '" OUTPUT T-= DmNESPAO-' } 

{ 

OQ=ALTl 
11 = All 2 

DEFINES PCo-s 01 ,. ALI 3 

10'" AL T 4 

L-___________ ~~~~u~RTA 

} 
1 '" ENABLE 

0'" DISABLE L-_______ ~N,.~BRL:u~RT B 

00 = NOP - 00 NOT AFFECT COUNTER 
OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

~TlMER COMMAND 

10'" STOP AFTER Te - STOP IMMEDIATELY 
AFTER PRESENT Te IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 '" STAAT - LOAD MODE AND tNT LENGTH 
AND START IMMEDIATelY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, STAAT 
THE NEW MODE AND tNT LENGTH 
IMMEDIATEL Y AFTER PRESENT Te 
IS REACHED. 

Figure 5. Command Register Bit. Assignment 

AD, AD, ADs AD4 AD] AD2 AD, ADo 

IXlTIMfRIIN;er B~ TIN~RPN;Ef ~ 1~~ 

T TTL PORT A INTERRUPT REQUEST 

~ PORT A BUFFER FUll/EMPTV 
(lNPUT/OUTPUTI 

PORT A INTERRUPT eNABLE 

PORT B INTERRUPT REQUeST 

- PORT B BUFFER FULL/EMPTV 
(INPUT/OUTPUTI 

PORT B INTERRUPT ENABLED 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
lOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESEll. 

Figure 6. Status Register Bit Assignment 
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8155H/8156H/8155H·2/8156H·2 

INPUT IOUTPUT SECTION 

The liD section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 

• Command/Status Register (C/S)-Both regis­
ters are assigned the address XXXXXOOO. The 
CIS address serves the dual purpose. 
When the CIS registers are selected during 
WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the CIS (XXXXXOOO) is selected during a 
READ operation, the status information of the liD 
ports and the timer becomes available on the 
ADo-7 lines. 

• PA Register-This register can be programmed 
to be either input or output ports depending on 
the status of the contents of the CIS Register. 
Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The liD pins as­
signed in relation to this register are PAO-7. The 
address of this register is XXXXX001. 

• PB Register-This register functions the same 
as PA Register. The I/O pins assigned are 
PBO-7. The address of this register is XXXXX010. 

• PC Register-This register has the address 
XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out­
put ports or as control signals for PA and PB by 
properly programming the AD2 and AD3 bits of 
the CIS register. 
When PCO-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec-

ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 

When the 'C' port is programmed to either AL T3 or 
AL T 4, the control signals for PA and PB are initial­
ized as follows: 

Control Input Mode Output Mode 

BF Low Low 
INTR Low High 
STB Input Control Input Control 

1/0 Addresst 
Selection 

A7 A6 AS A4 A3 A2 Al AO 

X X X X X 0 0 0 Interval CommandlStatus 
Register 

X X X X X 0 0 1 General Purpose 1/0 Port A 
X X X X X 0 1 0 General Purpose 1/0 Port B 
X X X X X 0 1 1 Port C-General Purpose 

1/0 or Control 
X X X X X 1 0 0 Low-Order 8 bits of Timer 

Count 
X X X X X 1 0 1 High 6 bits of Timer Count 

and 2 bits of Timer Mode 

- X: Don't Care. 
t: 1/0 Address must be qualified by CE = 1 (8l56H) or CE 
= 0 (8155H) and 101M = 1 in order to select the appropri­
ate register. 
Figure 7. I/O Port and Timer Addressing Scheme 

Figure 8 shows how liD PORTS A and B are struc­
tured within the 8155H and 8156H: 

8155H/8156H One Bit of Port A or Port B 

NOTES: ] 
(1) Output MOde. Multiplexer 
(2) Simple Input Control . 
(3) Strobed Input 

I 
I 
I 
I 
I 

!3 I 
.. I 
;! I 
~ I 

ST. 

(4) = 1 for Output Mode 
= 0 for Input Mode 

READ Port = (101M = 1). (RD = 0). (CE Active). (Port Address Selected) 
WRITE Port = (101M = 1). (WR = 0) • (CE Active) • (Port Address Selected) 

Figure 8. 8155H/8156H Port Functions 
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Table 2. Port Control Assignment 

Pin ALT 1 ALT2 ALT3 ALT4 

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A BufferFull) 
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
PC3 Input Port Output Port 
PC4 Input Port Output Port 
PC5 Input Port Output Port 

Note in the diagram that when the 110 ports are pro­
grammed to be output ports, the contents of the out­
put ports can still be read by a READ operation 
when appropriately addressed. 

The outputs of the 8155H/8156H are "glitch-free" 
meaning that you can write a "1" to a bit position 
that was previously "1" and the level at the output 
pin will not change. 

Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by Writing to the port if the port is in the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 

When in the AL T 1 or AL T 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 

Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H 110 ports 
might be configured in a typical MCS®-85 system. 

TO 8085AH RST INPUT 

OUTPuT) PORT A t PORT A 

I A INTA ((,GNAlS DATA RECEIVED) 

---1 A OF (SIGNALS DATA READY) 

A STS (ACKNOWl. DATA RECEIVED) } m,,"," PORTe B 5T8 (lOADS PORT B LATCHt PERIPHERAL 

B SF (SIGNALS BUFFER IS FULL) 
INTERFACE 

B INTR ISIGNALS BUFFER .1 
READY FOR READING) 

PORT B INPUT TO INPUT PORT (OPTIONAL) 

TO 8085AH RST INPUT 

231719-8 

Figure 9. Example: 
Command Register = 00111001 

Output Port B INTR (Port B Interrupt) 
Output Port B BF (Port B Buffer Full) 
Output Port B STB (Port B Strobe) 

TIMER SECTION 

The time is a 14-bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim­
er addresses. Bits 0-13 of the high order count reg­
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 

7654321 

I·I~I~I~I~I~I~I~I 
~' , 
TIMER MODE MSB OF don LENGTH 

76543210 

I~I~I~I~I~I~I~I~I 
! LSB 'OF C~T LENGTH~ 

231719-9 

Figure 10. Timer Format 

There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 

MOCE 
BITS 

M2 Ml 

o 0 

TIMER our WAVEFORMS: 

1. SINGLE 
SQUARE WAVE 

2. CONTINUOUS 
SQUAAEWAVE 

STAAT 
COUNT COUNT COUNT 

TERMINAL (TERMINAL) 

~ ____ ~i~ ___ _ 

~ 

3. :~L~~EON ----,tr----.:.-----
TERMINAL COUNT 

4. CONTINUOUS 
PULSES -------,ur--~~ 

231719-10 

Figure 11. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register con­
tents are used to start and stop the counter. There 
are four commands to choose from: 

TM2 TM1 
o 0 Nap-Do not affect counter operation. 
o STOP-Nap if timer has not started; stop 

counting il the timer is running. 
o STOP AFTER TC-Stop immediately after 

present TC is reached (Nap il timer has 
not started) 
START-Load mode and CNT length and 
start immediately after loading (if timer is 
not presently running). II timer is running, 
start the new mode and CNT length im­
mediately after present TC is reached. 

Note that while the counter is counting, you may 
load a new count and mode into the count length 
registers. Before the new count and mode will be 
used by the counter, you must issue a START com­
mand to the counter. This applies even though you 
may only want to change the count and use the pre-
viousmode. . 

In case of an odd-numbered count, the first half-cy­
cle of the squarewave output, which is high, is one 
count longer than the second (low) half-cycle, as 
shown in Figure 12. 

5 

231719-11 

NOTE: 
5 and 4 refer to the number of clocks in that time peri­
od. 

Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 

The counter in the 8155H is not initialized to any 
particular mode or count when hardware RESET oc­
curs, but RESET does stop the counting. Therefore, 
counting cannot begin following RESET until a 
START command is issued via the CIS register. 

Please note that the timer circuit on the 8155HI 
8156H chip is designed to be a square-wave timer, 
not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, 
its registers do not contain values directly represent­
ing the number of TIMER IN pulses received. You 
cannot load an initial value of 1 into the count regis­
ter and cause the timer to operate, as its terminal 
count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of 
the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the val­
ues residing in the count registers can be used to 
calculate the actual number of TIMER IN pulses re­
quired to complete the timer cycle if desired. To ob­
tain the remaining count, perform the following oper­
ations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length 
registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 
bits through carry 

5. If carry is set, add % of the full original count (% 
full count-1 if full count is odd). 

NOTE: 
If you started with an odd count and you read the 
count length register before the third count pulse 
occurs, you will not be able to discern whether one 
or two counts has occurred. Regardless of this, the 
8155H/56H always counts out the right number of 
pulses in generating the TIMER OUT waveforms. 
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8085AH MINIMUM SYSTEM' 
CONFIGURATION 

Figure 13a shows a minimum system using three 
chips, containing: 

• 256 Bytes RAM 

ADO·7 

• 2KBytes EPROM 

• 38//0 Pins 
• 1 Interval Timer 

• 4 Interrupt Levels 

.. - ~Al,E __ ~ ______ ~ __ r-~' ~~--r-----~ 
!ill r- 1-""-+-+-,,-----­

r-
10iM 

ClK 

RESET. OUT 

READY 

TIMER_ O. 
OUT - -- L::..S' 

I 
'--l lATCHES J 

'--r-=i 
CONTROL 

256 x 8 
RAM 

B.B B 

r-
r--
r-
r-
t--

8755A (EPROM. 1/01 

Figure 13a; 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM • 38 1/0 Pins 
• 1 Interval Timer 

Figure 13b shows a five chip system containing: • 2 Interrupt Levels 
• 1.2SK Bytes RAM 

• 2K Bytes EPROM 

/' Vss Vee 

I I 
S+- CE POR!K)(> 

~-+--WR <A> 
AD PORT (8) 

''Il/102 B 

Vee 

l4 I ."" GND 
MANUAL 

GND RESET 
(VSS) 

rD1 
X, X, 

ClK 

READY 

RES 
8284 

RESET 

ROYl 

f---

Aa-A19 
~,-

ADDR 
~ 
v 

" f..", 
CLKADo-AD7 ~ ADDR/DATA ,--- ~~ 

8088 ~ 
,.-- READY 

MNfMX I---vee 

ALE r- r-
RST ® AD r- r-f-

INA -
f-- 101M -

r--- -
~ 

Vee 

.... 
(j) 

\~ 

'5-~ 
\-r-

A 

Figure 13b. 8088 Five Chip System Configuration 
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ALE PORT W DATAl C (6) 
ADDR 

IN_ --- 101M TIMER 

RESET 
OUT -

lOW 

AD 

ALE rx> PO~T 

CE A 

"- Aa· 1o 
-V 

'75~A-2 

DATAl 
ADDR 

101M PORT 

K)(> ~- RESET B I READY Vee 
iOR-.l 

I I I LpROG 
Vss Vee Voo 

WR 

RD 

CE, 
"15·2 

ALE 

CS, 

CE, 

As.Ag 

ADO. 1 

! L Vss 

231719-13 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·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 .......................... 1.5W 

• Notice: Stresses above those listed under ':Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Vee = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+ 0.5 V 

VOL Output Low Voltage 0.45 V IOl = 2mA 

VOH Output High Voltage 2.4 V IOH = -400 p.A 

III Input Leakage ±10 p.A OV ~ VIN ~ Vee 

IlO Output Leakage Current ±10 p.A 0.45V ~ VOUT ~ Vee 

lee Vee Supply Current 125 mA 

III (CE) Chip Enable Leakage 
8155H +100 p.A OV ~ VIN ~ Vee 
8156H -100 p.A 

A.C. CHARACTERISTICS TA = O·Cto 70·C, Vee = 5V ±10% 

Symbol Parameter 8155H/8156H 8155H-2/8156H-2 
Units 

Min Max Min Max 

tAL Address to Latch Setup Time 50 30 ns 

tlA Address Hold Time after Latch 80 30 ns 

tle Latch to READ/WRITE Control 100 40 ns 

tRD Valid Data Out Delay from READ Control 170 140 ns 

tLD Latch to Data Out Valid 350 270 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

tll Latch Enable Width 100 70 ns 

tRDF Data Bus Float after READ 0 100 0 80 ns 

tel READ/WRITE Control to Latch Enable 20 10 ns 

tell WRITE Control to Latch Enable for CIS Register 125 125 ns 

tee READ/WRITE Control Width 250 200 ns 

tDW Data In to WRITE Setup Time 150 100 ns 

tWD Data In Hold Time after WRITE 25 25 ns 

tRY Recovery Time between Controls 300 200 ns 

twp WRITE to Port Output 400 300 ns 
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A.C. CHARACTERISTICS TA = O·C to 70·C, vee = 5V ± 10% (Continued) 

Symbol Parameter 
8155H/8156H 8155H-2/8156H-2 

Units 
Min Max Min Max 

tpR Port Input Setup Time 70 50 ns 

tRP Port Input Hold Time 50 10 ns 

tSBF Strobe to Buffer Full 400 300 ns 

tss Strobe Width 200 150 ns 

tRBE READ to Buffer Empty 400 300 ns 

lsi Strobe to INTR On 400 300 ns 

tRDI READ to INTR Off 400 300 ns 

tpss Port Setup Time to Strobe 50 0 ns 

tpHS Port Hold Time After Strobe 120 100 ns 

tSBE Strobe to Buffer Empty 400 300 ns 

tWBF WRITE to Buffer Full 400 300 ns 

tWI WRITE to INTR Off 400 300 ns 

tTL TIMER-IN to TIMER-OUT Low 400 300 ns 

tTH TIMER-IN to TIMER-OUT High 400 300 ns 

tRDE Data Bus Enable from READ Control 10 10 ns 

t1 TIMER-IN Low Time 80 40 ns 

t2 TIMER-IN High Time 120 70 ns 

tWT WRITE to TIMER-IN 360 200 ns 
(for writes which start counting) 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.0 2.0 u=x )C > TEST POINTS < 
0.8 0.8 

0.45 

231719-14 
A.C. testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and O.BV for a logic "0". 

DEVICE 
UNDER 

TEST ± CL = 150 pF 

231719-15 
CL = 150pF 
CL Includes Jig Capacitsnce 
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WAVEFORMS 

. READ 

I / '\ 
OR 

/ 
r-

\. / CEII.-, 

101M \ V \ 
'AD 

, ) ADDRESS ) DATA VALID ~ 
-tAl - -tLA -

ALE I \ / 
-tLL - _ tRDE" _tRDF _ 

-'Le-r 
~tRO_ 

"----
-tCL--'ee--r- _tRV -

'LO 
231719-16 

WRITE 

5111t) \ I \ 
o R 

cEIl 'IIIM) / 
. ..., 

\. / 

IO/J\i \ / \ 

A °0_7 ) ADDRESS K .) DATA VALID ]( 
;---'OL- -'LO- _tow--' -'eL-

ALE I i\ V 
~'ll- _t LC-==1 I-two -

WR 1\i I 1\-i' leLL 

I-tcc -
'WT 

I-tRV -

~ 
TIMER IN I 

231719-17 
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WAVEFORMS (Continued) 

STROBED INPUT 

BF 

INTR 

INPUT DATA 
FROM PORT 

8155H/8156H/8155H-2/8156H-2 

----------~~---+--~~-------------------------------
231719-18 

STROBED OUTPUT 

BF 

INTR 

OUTPUT DATA 

roroRT ____________________________ -'~------------------------------------

231719-19 

BASIC INPUT BASIC OUTPUT 

'R' } -I 
RD } 

'" 
I 

k .... 

<NPUT~ 

WR 

'I--twp -

'----_.-J)( =--= DATA BUS· 

DATA BUS· ------=x 
-------

OUTPUT )'r-____________________ -J~ 

231719-20 231719-21 
'Data Bus Timing is shown in Figure 7. 
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.f:> 

t 

TIMER IN 

TIMER OUT 
IPULSE) 

TIMER OUT 
ISOUARE WAVE) 

'NOTE: 

LOAD COUNTER FROM CLR __ I 
I 2 I 5 4 

I \ INOTE 1) I 
\~ ___ J 

\ INOTE 1) I 
\ I ~ ________ .J 

1. The timer output is periodic if in an automatic reload mode (M1 Mode bit = 1). 

-I 
i 
m 
:D 
0 
~ 
'U 
c: 
-I 
0 
0 c: 
Z 
-I 
C 

-I RElOAD COUNTER FROM CLR 

I 2 I ~ 
Z 
"'1'1 
:D 
0 
3: 
en 

a 
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== l> 
< m 
." 
0 ::u 
3: 
en 
'0 
0 
:::J 
<:!: 
:::J 
c: 
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s, 

l 

OCI ... 
UI 
UI 
::t: ..... 
OCI ... 
m 
::t: ..... 
OCI .... 
UI 
UI 
::t: • N ..... 
OCI ... 
UI 
CD 
::t: . 
N 



8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS®-85 

• Multiplexed Address and Data Bus 

• Directly Compatible with SOS5AH and 
SOSS Microprocessors 

• Low Operating Power Dissipation 

• Low Standby Power Dissipation 

• Single + 5V Supply 

• High Density 1S-Pln Package 

The Intel 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N­
channel Silicon-Gate MaS technology. The multiplexed address and data bus allows the 8185 to interface 
directly to the 8085AH and 8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085AH-2 and the 
5 MHz 8088. 

C8 . 
CEl 
CE2 

RIW RD LOGIC 
WR 

ALE 

1 

¢= ~ DATA 1Kxa 
BUS RAM r-v BUFFER MEMORY 

ARRAY 

x·y DECDDE 

As. A9 

~ 'lXIWU ~ 
ALE 

231450-1 

Figure 1. Block Diagram 
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ADO Vee 

ADl RD 

AD2 WR 

ADJ ALE 

AD4 CS 

ADs CEl 

AD6 CE2 

AD-, A9 

Vss As 

231450-2 

Figure 2. Pin Configuration 

ADo-AD7 
Aa.Ag 
CS 
CE1 
CE2 
ALE 
WR 

Pin Names 

Address/Data Lines 
Address Lines 
Chip Select 
Chip Enable (IO/M) 
Chip Enable 
Address Latch Enable 
Write Enable 

May 1987 
Order Number: 231450-002 
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FUNCTIONAL DESCRIPTION 
The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 

At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo_7' As and A9, and the 
status of GE1 and GE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both GE1 and GE2 are active, the 8185 
powers itself up, but no action occurs until the GS 
line goes low and the appropriate RD or WR control 
signal input is activated. 

The GS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de­
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
GE1 and GE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con­
nection would be to wire the 8085A's 10/M line to 
the 8185's GE1 input, thereby keeping the 8185 
powered down during 1/0 and interrupt cycles. 

CE1 

1 

X 

0 

0 

NOTES: 

Table 1. Truth Table for 
Power Down and Function Enable 

CE2 CS (CS*)(2) 8185 Status 

X X 0 Power Down and 
Function Disable(1) 

0 X 0 Power Down and 
Function Disable(1) 

1 1 0 Powered Up and 
Function Disable(1) 

1 0 1 Powered Up and 
Enabled 

X = Don't Care. 
1: Function Disable implies Data Bus in high impedance 
state and not writing. 
2: CS' = (CEt = 0) X (CE2 = 1) x (CS = 0). 

CS' 1 signifies ali chip enables and chip select ac-
tive. 

(CS*) 

0 

1 

1 

1 

NOTE: 

Table 2. Truth Table for 
Control and Data Bus Pin Status 

RD WR 
ADo-7 During Data 8185 Function 

Portion of Cycle 

X X Hi-Impedance No Function 

0 1 Data from Memory Read 

1 0 Data to Memory Write 

1 1 Hi-Impedance Reading, but not 
Driving Data Bus 

X = Don't Care. 

24.46 

------

r1Df--} 
Vss Vee 

I II 
TRAP 

X, X, RESET IN c.-HOLD 

RST7.S HlDA -, 
RST6,5 8085A SOD -
RST5.5 SID-

INTR S,_ 

lNfA RESET 
SD-ACDR/ OUT 

ADDA DATA ALE lID ViR 101M ROY eLK 

IS) (B) Vr Vr 
~- ~ POR~W 

~~ PORT (8) 
RJj 8156 B 

:~:AI POR~ 16) 

ADDA 
IN 

~ 101M TIMER 

~ f- f- RESET .oUT 

lOW 

RJj 

ALE 

~ POAT 

Itt- C< A 

I~~ I" Aa_l0 

~ 8755A 
DATAl 
ADD A 

101M PORT ~ RESET, B 

ROY 
..- elK 

vs~ v!c JOD tROG 

WR 

RJj 

CE, 8185 
ALE 

~- CS, eE2 

<- A8. Ag 

AD()'7 

vL vt 

231450-3 

Figure 3, 8185 in an MCS®·85 System 

4 Chips: 
2K Bytes EPROM 
t.25K Bytes RAM 
38 I/O Lines 
t Counter/Timer 
2 Serial 110 Lines 
5 Interrupt Inputs 

Vee 

Vee 
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iAPX 88 FIVE CHIP SYSTEM: 

• 1.25K Bytes RAM 

• 2K Bytes EPROM 

• 38 liD Pins 

• 1 Internal Timer 

• 2 I nterrupt Levels 

/'- Vss Vee 

I I 
1+- f- ee POR!~ 

>-f-- - ViR kA> PORT __ RD B (8) 

1155-2 

ALE PORTkA> 
DATAl C (6) 

;y.- ADDR 
IN_ 

~ --- 101M TIMER 

RESET 
OUT -

Aa- A'9 
-- ~ lOW AODR 

v Rii 

AOo- AD1 Vt-;'DDR/DATA- ~ ALE 

kA> 

~ ClK J~ 
PORT 

ee A 

- f-- - -- __ . '----. .--1'_ A8_10 
8088 - rrr V 

,..-- REAOY 
18755A·2 

MN/MX ~Vee 
DATAl 
ADDR 

[Dl ALE - f-- W 101M PORT 

r- RST@ RO - - f----- >---- RESET B 
X, x, 

ClKt- IvR - I READY Vee 

READY t-- 101M f-- iOR -l 

RES r------ LpROG 12_ 
f-- 111 

RESET f-- Vss Vee Voo 

RDYl Vee 

WR 

.... RD 

CD eE, 8115-2 
ALE 

\ f- cs. 
r-r- CE, 

\-- AII.Ag 

ADo_7 

I J 
vss Vee 

, ~ 

231450-4 

Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C 
Storage Temperature .......... - 6S·C to + 1S0·C 
Voltage on Any Pin 

with Respect to Ground .......... - O.SV to + 7V 
Power Dissipation .......................... 1.SW 

"Notice: Stresses above those listed under· "Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O·Cto 70·C, Vcc = SV ±10% 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -O.S 0.8 V 

VIH Input High Voltage 2.0 Vcc+ O.S V 

VOL Output Low Voltage 0.4S V IOL = 2mA 

VOH Output High Voltage 2.4 IOH = -400/LA 

IlL Input Leakage ±10 /LA OV:>: VIN:>: Vcc 

ILO Output Leakage Current ±10 /LA O.4SV :>: VOUT :>: Vcc 

Icc Vcc Supply Current 
100 mA 

Powered Up 

Powered Down 3S mA 

A.C. CHARACTERISTICS TA = 0·Ct070·C, Vcc = SV ±10% 

Symbol Parameter 
8185 8185-2 

Min Max Min Max Units 

tAL Address to Latch Set Up Time SO 30 ns 

tLA Address Hold Time After Latch 80 30 ns 

tLC Latch to READ/WRITE Control 100 40 ns 

tRD Valid Data Out Delay from READ Control 170 140· ns 

tLD ALE to Data Out Valid 300 200 ns 

tLL Latch Enable Width 100 70 ns 

tRDF Data Bus F,oat After READ 0 100 0 80 ns 

tCL READ/WRITE Control to Latch Enable 20 10 ns 

tcc READ/WRITE Control Width 2S0 200 ns 

tDW Data Into WRITE Set Up Time 1S0 1S0 ns 

tWD Data In Hold Time After WRITE 20 20 ns 

tsc Chip Select Set Up to Control Line 10 10 ns 

tcs Chip Select Hold Time After Control 10 10 ns 

tALCE Chip Enable Set Up to ALE Falling 30 10 ns 

tLACE Chip Enable Hold Time After ALE SO 30 ns 
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infef 8185/8185-2 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 2.4=>\2.0 2oX= > TEST POINTS < 
0.8 0.8 

0.45 

231450-5 

A.C. Testing: Inputs Are Driven at 2,AV for a Logic "1" and 
0.45V for a Logic "0." Timing Measurements Are Made at 
2.0V for a Logic "1" and O.BV for a Logic "0." 

WAVEFORM 

ALE 

(CE,"OI. 
(CE 2""11 

WR,RD 

ADO-AD7 
(As,Ag) 

DEVICE 
UNDER 

TEST 

CL = 150pF 

i CL = 150pF 

221450-6 

CL Includes Jig Capacitance 

(READ CYCLE) 

(WA ITE CYCLE) 

\'-------'--/ _~_sc r-- -<x----
(SELECTED) (DESELECTED) 

231450-7 
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8224 
CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 

• Single Chip Clock Generator/Driver for • Crystal. Controlled for Stable 
8080A CPU System Operation 

• Power-Up Reset for CPU • Reduces System Package Count 

• Ready Synchronizing Flip-Flop • Available in EXPRESS 

• Advanced' Status Strobe - Standard Temperature Range 

• Oscillator Output for External System· • Available in 16-Lead Cerdip Package 

Timing (See Packaging Spec, Order # 231369) 

The Intel 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected 
by the designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of p,ackages used to generate clocks and timing 
for 8080A. 

~ XTALl 

1!9 XTAL2 

@> TANK 

~--J~----o~ §> 

>---., IE> 
1--1:) ....... --., \j]> 

1-----",'ITLI[9 

II> SYNC -----i----I ..... , 

~ RESIN 

H~lJ--+---RESET II> 
!D RDVIN----HO!ll-----READViD 

231464-1 

Figure 1. Block Diagram 

RESIN 

RESET 

RDYIN 

READY 

SYNC 

STSTB 

rb-
<P2 

24-50 

RESET Vee 

iiESiN XTAll 

RDYIN XTAL2 

READY TANK 

SYNC OSC 

~2'ITLI 4, 

STs'TB ~, 

GND VDD 

231464-2 

Reset Input 

Reset Output 

Ready Input 

XTAl1 } Connections 

XTAl2 for Crystal 

Ready Output TANK Used with Overtone XTAl 

Sync Input OSC Oscillator Output 

StatusSTB <P2 (TTl) <P2 ClK (TTl level) 

(Active low) Vee +5V 

} 8080 
Clocks 

VDD +12V 

GND OV 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231464-001 



8224 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O°C to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Supply Voltage, Vee ............... -0.5V to + 7V 

Supply Voltage, Voo ............ - 0.5V to + 13.5V 

Input Voltage ..................... -1.5V to + 7V 

Output Current .......................... 1 00 mA 

D.C. CHARACTERISTICS 

'Notice: Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = O°Cto + 70°C, Vee = +5.0V ±5%, Voo = +12V ±5% 

Symbol Parameter 
Limits 

Units Test Conditions 
Min Typ Max 

IF Input Current Loading -0.25 mA VF = 0.45V 

IR Input Leakage Current 10 /LA VR = 5.25V 

Ve Input Forward Clamp Voltage 1.0 V Ie = -5mA 

VIL Input "Low" Voltage 0.8 V Vee = 5.0V 

VIH Input "High" Voltage 2.6 V Reset Input 

2.0 V All Other Inputs 

VIH-VIL RESIN Input Hysteresis 0.25 V Vee = 5.0V 

VOL Output "Low" Voltage 0.45 V (<1>1, <1>2)' Ready, Reset, STSTB 
IOL = 2.5 mA 

0.45 V All Other Outputs 
IOL = 15 mA 

VOH Output "High" Voltage 

<1>1, <1>2 9.4 V IOH = -100/LA 

READY,RESET 3.6 V IOH = -100/LA 

All Other Outputs 2.4 V IOH = -1 mA 

lee Power Supply Current 115 mA 

100 Power Supply Current 12 mA 

NOTE: 
1. For crystal frequencies of 18 MHz connect' 51 on resistors between the X1 input and ground as well as the X2 input and 
ground to prevent oscillation at harmonic frequencies. 

Crystal Requirements 

Tolerance: 0.005% at 0°C-70°C 

Resonance: Series (Fundamental)' 

Load Capacitance: 20 pF-35 pF 

Equivalent Resistance: 750-200 

24-51 

Power Dissipation (Min): 4 mW 

'NOTE: 
With tank circuit use 3rd overtone mode. 



8224 

. A.C. CHARACTERISTICS 
Limits Test 

Symbol Parameter Units Conditions Min Typ Max 

t</>1 <1>1 Pulse Width 2tcy 
--20ns 

9 

t</>2 <1>2 Pulse Width 5tcy 
--35ns 

9 -
t01 <1>1 to <1>2 Delay 0 

t02 <1>2 to <1>1 Delay 2tcy ns CL = 20 pF to 50 pF 
- -14ns 

9 

t03 <1>1 to <1>2 Delay 2tcy 2tcy 

9 
9+ 20ns 

tR <1>1 and <1>2 Rise Time 20 

tF <1>1 and <1>2 Fall Time 20 

to</>2 <1>2 to <1>2 (TIl) Delay -5 . +15 ns <1>2 TTL, CL = 30 
R1 = 300n 
R2 = 600n 

toss <1>2 to STSTB Delay 6tcy 6tcy 
- - 30ns ns 

9 9 

tpw STSTB Pulse Width ' tcy STSTB, CL = 15 pF 
- -15ns 9 . R1 = 2K 

RDYIN Setup Time to 4tcy R2 = 4K 
tORS 50ns-- ns 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 
afterSTSTB 9 

tOR 
RDYIN or RESIN to 4tcy Ready & Reset 

- ~ 25ns 
<1>2 Delay 9 . CL = 10pF ns 

R1 =:' 2K 
R2 = 4K 

tCLK CLK Period tcy ns 
9 

fmax 
Maximum Oscillating 27 MHz 
Frequency 

, 

Cin Input Capacitance 8 pF VCC = +5.0V 
Voo = +12V 
VBIAS =2.5V 
f = 1 MHz 

, 
NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at tcy = 488.28 ns. 
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8224 

A.C. CHARACTERISTICS (Continued) 
For tev = 488.28 ns; TA = O°C to 70°C, Vee = +5V ±5%, VOO = + 12V ±5% 

Symbol Parameter 

t</>1 <1>1 Pulse Width 

t<J>2 <1>2 Pulse Width 

t01 Delay <1>1 to <1>2 

t02 Delay <1>2 to <1>1 

t03 Delay <1>1 to <1>2 Leading Edges 

tr Output Rise Time 

tf Output Fall Time 

toss <1>2 to STSTB Delay 

to<J>2 <1>2 to <1>2 (TTL) Delay 

tpw Status Strobe Pulse Width 

tORS RDYIN Setup Time to STSTB 

tORH RDYIN Hold Time after STSTB 

tOR READY or RESET 
to <1>2 Delay 

fMAX Oscillator Frequency 

A.C. TESTING, INPUT, 
OUTPUT WAVEFORM 

Min 

89 

236 

0 

95 

109 

296 

-5 

40 

-167 

217 

192 

.'J: )C 2.0 2.0 > TEST POINTS <~ 
0.8 0.8 

0.45 

231464-3 

A.C. Tes1ing: Inputs are driven at 2.4V for a logic "1" and OA5V 
for a logic "0". Timing measurements are made at 2.0V for a 
logic "1" and O.BV for a logic "0" (unless otherwise noted). 

Limits Units Test Conditions 
Typ Max 

ns - tcv = 488.28 ns 

ns 

ns 

ns <1>1 &. <1>2 Loaded to 

129 ns CL = 20 pF to 50 pF 

20 ns 

20 ns -
326 ns 

+15 ns 

ns Ready & Reset Loaded 

ns 
to 2 mAl 1 0 pF 
All measurements 

ns referenced to 1.5V 

ns unless specified 
otherwise. 

18.432 MHz 

A.C. TESTING LOAD CIRCUIT 

-r-Vcc 

R, 

DEVICE 
UNDER 

CLi 

TEST 
;. R, 

~ 

-= -:!:-
231464-4 

CL Includes Jig Capacitance 
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inter 8224 

WAVEFORMS 

'F 

" 

" 1_--__ ''',' ___ --1\1-----'0,----1 

SYNC 
(FROM 8080A) 

I----------IDSS------~-IPW 

1------tDRH-----J 

~Ir----------------,Ir--------- -------------------
ROVIN OR R~SIN 

lOR 

-------------------,~--------+-----------------------
READY OUT 

-----------------------'IF- - - - - - - - - - - - - - - - - - - - - - - - - - - . 
lOR 

RESET OUT 

231464-5 

VOLTAGE MEASUREMENT POINTS: <1>1. 4>2 Logic "0" ~ 1.0V. Logic "I" ~ a.ov. All other signals measured at 1.5V. 

CLOCK HIGH AND LOW TIME (USING X1, X2) 

Xl elK 
18MHz a =r X2 

R, R2 

"":" -=- 231464-6 
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8228 
SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 

• Single Chip System Control for • User Selected Single Level Interrupt 
MCS®-SO Systems Vector (RST 7) 

• Built-In Bidirectional Bus Driver for • Available in EXPRESS 
Data Bus Isolation - Standard Temperature Range 

• Allows the Use of Multiple Byte • Available in 2S-Lead Cerdip and Plastic 
Instructions (e.g. CALL) for Interrupt Packages 
Acknowledge (See Packaging Spec, Order #231369) 

• Reduces System Package Count 

The Intel® 8228 is a single chip system controller and bus driver for MCS®-80. It generates all signals required 
to directly interface MCS-80 family RAM, ROM, and liD components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 
data bus from memory and liD. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and liD. The isolation of the bus driver also provides for enhanced system 
noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 

NOTE: 
The specifications for the 3228 are identical with those for the 8228. 

10 0 -0,_ 
CPU Dl -

DATA 0]-
BUS 0._ 0,_ 

0,-
0,-

-DB'1 
-OBI 
-DBO' 

:= ~:! SYSTEM DATA BUS 

-DBs 
-oB6 
-081 

III ~ STATUS 

~LATCH 

STSTB _--_____________ .....J 

DBIN -----------------------~ 
~------------------------~ 

HLOA -----------------------1 

Figure 1. Block Diagram 
231465-1 
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231465-2 

07-00 Data Bus (8080 Side) INTA Interrupt Acknowledge 

OB7-DBO Data Bus (System Side) HLDA HLDA (from 8080) 

1/0A 110 Read WI'l WR (from 60aO) 

IIOW 1/0 Write BUSEN Bus Enable Input 

"""" Memory Read = Status Strobe (from 8224) 

MrnW MemoryWrile Vee +5V 

DBIN DBIN (from B080) GND aVolls 

Figure 2. Pin Configuration 

September 1987 
Order Number: 231465-002 



inter 8228 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O°C to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Supply Voltage, Vee ............... -0.5V to + 7V 

Input Voltage ...................... -1.5 to + 7V 

Output Current ..................•....... 1 00 mA 

• Notice: Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O°C to + 70°C, Vee = 5V ± 5% 

Limits 
Symbol Parameter Unit Test Conditions 

Min Typ(1) Max 

Ve Input Clamp Voltage, 0.75 -1.0 V Vee = 4.75V; Ie = -5 mA 
All Input 

IF Input Load Current STSTB 500 /LA Vee = 5.25V 

02&06 750 /LA VF = 0.45V 

00,01,04, 250 /LA 
05&07 

All Other Inputs 250 /LA 

IR Input Leakage Current STSTB 100 /LA Vee =5.25V 

OBo-OB7 20 /LA 
VR = 5.25V 

All Other Inputs 100 /LA 

VTH Input Threshold 0.8 2.0 V Vee"; 5V 
Voltage, All Inputs 

lec Power Supply Current 140 190 mA Vee = 5.25V 

VOL Output Low Voltage 00-0 7 0.45 V Vee = 4.75V; 10L = 2 mA 

All Other Outputs 0.45 V 10L = 10 mA 

VOH Output High Voltage 00-07 3.6 3.8 V Vee = 4.75V; 10HI= -10/LA 

All Other Outputs 2.4 V 10H = -1 mA 

los Short Circuit Current, All Outputs 15 90 mA Vee = 5V 

10 (off) Off State Output Current 100 /LA Vee = 5.25V; Vo = 5.25V 
All Control Outputs -100 /LA Vo = 0.45V 

liNT INTA Current 5 mA (See INTA Test Circuit) 

NOTE: 
1. Typical values are for T A = 25°e and nominal supply voltages. 
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infef . 8228 

CAPACITANCE VBIAS = 2.5V, vee = 5.0V, TA = 25·C, f = 1 MHz 
1. This parameter is periodically sampled and not 100% tested. 

Symbol 
Limits 

Parameter 
Min Typ(1) Max 

Unit 

CIN Input Capacitance 8 12 pF 

COUT Output Capacitance 7 15 pF 
Control Signals 

I/O I/O Capacitance 8 15 pF 
(D or DB) 

A.C. CHARACTERISTICS T A = O·C to + 70·C, Vee = 5V ± 5% 

Symbol Parameter 
Limits 

Min Max 
Unit Conditions 

tpw Width of Status Strobe 22 ns 

tss Setup Time, Status Inputs Do-D7 8 ns 

tSH Hold Time, Status Inputs Do-D7 5 ns 

toe Delay from STSTB to any Control Signal 20 60 ns CL = 100 pF 

tRR Delay from DBIN to Control Outputs 30 ns CL = 100 pF 

tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns CL = 25 pF 

tRO Delay from System Bus to 8080 Bus during Read 30 ns CL = 25 pF 

tWR Delay from WR to Control Outputs 5 45 ns CL = 100 pF 

tWE Delay to Enable System Bus DBo-DB7 after STSTB 30 ns CL = 100 pF 

two Delay from 8080 Bus Do-D7 to System Bus 5 40 ns CL = 100 pF 
DBo-DB7 during Write 

tE Delay from System Bus Enable to System Bus DBo-DB7 30 ns CL - 100 pF 

tHO HLDA to Read Status Outputs 25 ns 

tos Setup Time, System Bus Inputs to HLDA 10 ns 

tOH Hold Time, System Bus Inputs to HLDA 20 ns CL = 100 pF 

AC TESTING LOAD CIRCUIT INTA Test Circuit (for RST 7) 

+12V 

-r" Vee 

< 
R, lKn±IO'1o 

DEVICE 
UNDER 

Cli 

TEST ;> 
R, 

~ 

-= -= 
8228 

231465-3 
For Do-D7: Rl ~ 4 Kn, R2 ~ .on, CL ~ 25 pF. 
For all other outputs: Rl ~ SOOn, R2 ~ 1 Kn, CL ~ 100 pF. 23 

INTA 0--------' 

231465-4 
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8228 

WAVEFORMS 

., 
·1----

STATUS STROlE 

I0IO DATA IUS 

OlIN 

INTA, lOR, MEMR 

HLDA 

INTA, lOR, iiiiii 
DURINGHLDA 

SYSTEM IUS DURING READ 

I0IO IUS DURING READ 

lOW OR iiiiiiW 

1010 lUI DURING WRITE 

S"TEM IUS DURING WRITE· 

S"TEM IUS ENAILE 

8YSTEM IUS OUTPUTS 

-I,. ..... 
I'-' 

x: * ,~j.:: .... ;;-:I 
\. 

"'Rt=.. 
\. 1 

loc- I. 

- I_'HD 

\ ..A 

-------- -.--_I-'os- -IoH.j,-- __ ....; _ ,... ____ .;;, ____ 
-------- ---r~\D.I- ~ - - - - - - - ~ - - - --

-------- -r----r<[ X - - - -.:. - - - - - - - - - -
'RE- I=-

\. J 
'wR-~ .1- ...... 11-"wR 

1- .1 
--------- -

~'WDi --------- -
--------- < 

-'WE-

uu __ u ____ -?~ ... ~uu----'-u--
23.1465-5 

VOLTAGE MEASUREMENT POINTS: 00-07 (w~en OUtputs) Logic "0" = O.BV, Logic "1" = 3.0V, All other signals mea­
sured at 1.5V. 
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inter 
8755A 

16,384-8IT EPROM WITH 1/0 

• 2048 Words x 8 Bits • 2 General Purpose 8-Bit I/O Ports 

• Single + 5V Power Supply (VCC) • Each I/O Port Line Individually 

• Directly Compatible with 8085AH Programmable as Input or Output 

• U.V. Erasable and Electrically • Multiplexed Address and Data Bus 

Reprogrammable • 40-Pin DIP 

• Internal Address Latch • Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range 

The Intel 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
8085AH microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with no wait states in an 8085AH CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line 
is individually programmable as input or output. 

ClK 

READY 

ADo-, 

As- IO 

CE2 

101M 

ALE 

RD 
lOW 

RESET 

lOR 

2K.8 
EPROM 

PROG/CE , 

voo---...J 

G 

G 

Vee 1+5V) 

'-----Vss 10V) 

Figure 1. Block Diagram 
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231735-1 

PROG ANDCE , vee 

CE2 PB, 

ClK PBs 

RESET PBs 

Voo PB4 

READY PB3 

101M PB2 

lOR PB, 

RD PBo 

lOW PA, 

ALE PAs 

ADD PA5 

AD, PA. 

AD2 PA3 

AD3 PA2 

AD. PA, 

AD5 PAD 

ADs A,D 

AD, Ag 

Vss As 

231735-2 

Figure 2. Pin Configuration 

November 1986 
Order Number: 231735·002 



inter 8755A 

Table 1. Pin Description 

Symbol Type Name and Function 

ALE I AD!!.RESS LATCH ENABLE: When Address latch Enable goes high, ADO-u. 
101M, AS-10, ~ and CE1 enter the address latches. The Signals, (AD, 101M, 
ADs-10, CE2, CE1) are latched in at the trailing edge of ALE. 

ADo_7 I BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or liD 
address are applied to the bus lines when ALE is high. 
Du~ an I/O cycle, Port A or B is selected based on the latched value of ADo. 
IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

ADs-1O I ADDRESS BUS: These are the high order bits of the PROM address. They do 
not affect liD operations. 

PROG/CE1 I CHIP ENABLE INPUTS: CE1 is active low and CE2 is active high. The 8755A 
CE2 can be accessed only when both Chip Enables are active at the time the ALE 

signal latches them up. If either Chip Enable input is not active, the ADo_7, and 
READY ouputs will be in a high impedance state. CE1 is also used as a 
programming pin. (See section on programming.) 

101M I I/O MEMORY: If the latched 101M is high when RD is low, the output data 
comes from an 1/0 port. If it is low the output data comes from the PROM. 

RD I READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled and output either the selected PROM location or 
1/0 port. When both RD and lOR are high, the ADo-7 output buffers are 3-
stated. 

lOW I 1/0 WRITE: If the latched Chip Enables are active, a low on lOW causes the 
output port pointed to bt!he latched value of ADo to be written with the data on 
ADo-7. The state of 101M is ignored. 

ClK I CLOCK: The ClK is used to force the READY into its high impedance state 
after it has been forced low by CE1 low, CE2 high, and ALE high. 

READY 0 READY is a 3-state output controlled by CE1, CE2, ALE and ClK. READY is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next ClK. (See Figure 6c.) 

PAO-7 1/0 PORT A: These are general purpose 1/0 pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port A is 
selected for write operations when the Chip Enables are active and lOW is low 
and a 0 was previously latched from ~ AD1. 
Read Operation is s~ected by either lOR low and active Chip Enables and ADo 
and AD1 low, or 101M high, RD low, active Chip Enables, and ADo and AD1 
low. 

PBO-7 liD PORT B: The general purpose liD port is identical to Port A except that it is 
selected by a 1 latched from ADo and a 0 from AD1. 

RESET I RESET: In normal operation, an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 

lOR I I/O READ: When the Chip Enables are active, a low on lOR will output the 
selected 1/0 port o.!}!o the AD bus. lOR low performs the same function as the 
combination of 101M high and RD low. When lOR is not used in a system, lOR 
should be tied to Vee ("1 "). 

Vee POWER: + 5V supply. 

Vss GROUND: Reference. 

Voo POWER SUPPLY: Voo is a programming voltage, and must be tied to Vee 
when the 8755A is being read. 
For programming, a high voltage is supplied with Voo = 25V, typical. (See 
section on programming.) 
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intJ 8755A 

FUNCTIONAL DESCRIPTION 

PROM Section 

The 8755A contains an 8-bit address latch which 
allows it to interface directly to MCS®-48 and 
MCS®-85 processors without additional hardware. 

The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CEt and CE2 are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 101M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro­
vided that Voo is tied to Vee>. 

1/0 Section 

The 1/0 section of the chip is addressed by the 
latched value of ADo-t. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out­
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding 1/0 port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre­
sponding 1/0 port bit is in the output mode. In this 
manner the 1/0 ports of the 8755A are bit-by-bit pro­
grammable as inputs or outputs. The table summa­
rizes port and DDR designation. DDR's cannot be 
read. 

ADl ADD Selection 

0 0 PortA 
0 1 Port B 
1 0 Port A Data Direction Register (DDR A) 
1 1 Port B Data Direction Register (DDR B) 

When lOW goes low and the Chip Enables are ac­
'tive, the data on the ADo-7 is written into 1/0 port 
selected by the latched value of ADo-t. During this 
operation all 1/0 bits of the selected port are affect­
ed, regardless of their 1/0 mode and the state of 101 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 
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A port can be read out when the latched Chip En­
ables are active and either RD goes low with 101M 
high, or lOR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 

To clarify the function of the 1/0 Ports and Data Di­
rection Registers, the following diagram shows the 
configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 

8755A ONE BIT OF PORT A AND DDR A 

D. 

~ 
READ PA 

231735-3 
WRITE PA ~ (lOW ~ 0) • (CHIP ENABLES ACTIVE) • (PORT A 
ADDRESS SELECTED) 
WRITE DDR A ~ (lOW ~ 0) • (CHIP ENABLES ACTIVE) • (DDR 
A ADDRESS SELECTED) 
READ PA ~ I(IO/M ~ 1) • (RD ~ 0) + (lOR ~ O)} • (CHIP 
ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE: 
Write PA is not qualified by 101M. 

Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 

The diagram also shows that the contents of PORT 
A and PORT B can be read even when the ports are 
configured as outputs. 



8755A 

ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (.4:). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A .in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la­
bels are available from Intel which should be placed 
over the 8755A window to prevent unintenti.onal era­
sure. 

The recommended erasure procedure for the 8755A 
,S exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV infensity x exposure'time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min­
utes using an ultraviolet lamp with a 12000 p.W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits ,of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program­
ming "0" into the desired bit locations. A pro­
grammed "0" can only be changed to a "1" by UV 
erasure. 

The 8755A can be programmed on the Intel Univer­
sal Programmer (iUP), and iUPF8744A programming 
module. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia­
gram. In the verify cycle (I.e., normal memory 
read cycle) 'Voo' should be at +5V. 

SYSTEM APPLICATIONS 

System Interface with 8085AH 

A system using the 8755A can use either one of the 
two I/O Interface techniques: 

• Standard I/O 
• Memory Mapped I/O 

If a standard I/O technique is used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines All-15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure'4. 

If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 10/M using ADs-15 address 
lines. See Figure 3. 

r---
A J\ 

Aa..15 

~ ~ 
8085AH ADa.7 

~lE 
1m I-

l'1l'i t-

elK (f21 I-

READY I-
101M I- _I 

} 
I-

1 --- 7 ' ;. 
AlO .. , A ... 11 RD elK IDIIi 

iiiR ALE ilII'i READY fi 

8155A 

231735-4 

Figure 3. 8755A In 8085AH System 
(Memory-Mapped I/O) 
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8755A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .... '.' ...... O·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 .......................... 1.5W 

D.C. CHARACTERISTICS 
TA = O·C to 70·C, Vee = Voo = 5V ±5% 

Symbol Parameter Min 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output Hig~ Voltage 2.4 

IlL Input Leakage 

ILO Output Leakage Current 

lee Vee Supply Current 

100 Voo Supply Current 

CIN Capacitance of Input Buff~r 

CliO Capacitance of 1/0 Buffer 

• Notice: Stresses above those listed under '~bso­
lute Maximum Ratings"may cause permanent dam­
age 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 opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Max Unit Test Conditions 

0.8 V Vee = 5.0V 

Vee + 0.5 V Vee = 5.0V 

0.45 V IOL = 2mA 

V IOH = -400 p.A 

10 p.A Vss s: VIN s: Vee 

±10 p.A 0.45V s: VOUT s: Vee 

180 mA 

30 mA Voo = Vee 

10 pF fe = 1 p.Hz 

15 pF fe = 1 p.Hz 

D.C. CHARACTERISTICS-PROGRAMMING 
T A = O·C to 70·C, Vee = 5V ± 5%, Vss = OV, Voo = 25V ± 1V 

Symbol Parameter llilln Typ Max Unit 

Voo Programming Voltage (during Write to EPROM) 24 25 26 V 

100 Prog Supply Current 15 30 mA 
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inter 8755A 

A.C. CHARACTERISTICS 
TA = o·c to 70·C, vcc = 5V ±5% 

8755A 
Symbol Parameter Unit 

Min Max 

tCYC Clock Cycle Time 320 ns 

T1 ClK Pulse Width 80 ns 

T2 ClK Pulse Width 120 ns 

tf, tr ClK Rise and Fall Time 30 ns 

tAL Address to latch Set Up Time 50 ns 

tLA Address Hold Time after latch 80 ns 

tlC latch to READ/WRITE Control 100 ns 

tRD Valid Data Out Delay from READ Control' 170 ns 

tAD Address Stable to Data Out Valid" 450 ns 

tll latch Enable Width 100 ns 

tRDF Data Bus Float after READ 0 100 ns 

tCl READ/WRITE Control to latch Enable 20 ns 

tcc READ/WRITE Control Width 250 ns 

tDW Data in Write Set Up Time 150 ns 

tWD Data in Hold Time after WRITE 30 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time to Control 50 ns 

tRYH READY HOLD Time to Control 0 160 ns 

tARY ADDRESS (CE) to READY 160 ns 

tRV Recovery Time between Controls 300 ns 

tRDE READ Control to Data Bus Enable 10 ns 

NOTES: 
CLOAD = 150 pF. 
'Or TAD - (TAL + T Le>, whichever is greater. 
"Defines ALE to Data Out Valid in conjunction with TAL. 

A.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vcc = 5V ±5%, Vss = OV, VDD = 25V ±1V 

Symbol Parameter Min Typ Max Unit 

tps Data Setup Time 10 ns 

tpD Data Hold Time 0 ns 

ts Prog Pulse Setup Time 2 JLs 

tH Prog Pulse Hold Time 2 JLs 

tpR Prog Pulse Rise Time 0.01 2 JLs 

tpF Prog Pulse Fall Time 0.01 2 JLs 

tpRG Prog Pulse Width 45 50 ms 
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intJ 8755A 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

"=X x= 2.0 2.0 > TEST POINTS < .. 
0.8 0.8 

0.45 

231735-7 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing Measurements are made at 2.0V for a 
Logic "1" and O.SV for a Logic "0". 

WAVEFORMS 

CLOCK SPECIFICATION FOR 8755A 

PROM READ, 1/0 READ AND WRITE 

AS·l0 

101M 

ADo.1 

ALE 

(PAOGI/CE, 

CE, 

IRDE 

--r----.DW 

Please note that eEl must remain low for the entire cycle. 

24·66 

DEVICE 
UNDER 

~CL=150PF TEST 

. -
CL = 150 pF 231735-S 

CL Includes Jig Capacitance 

231735-9 

ADDRESS 

I....---~>-
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8755A 

WAVEFORMS (Continued) 

1/0 PORT 

~OR ~"F------'! 
PINOpRUTT -,. j; + '.. I- +-' .. 
~ __________________ ~J>(~r======= 

DATA'- - -- - - -)( 

BUS ------- --------------------
A. Input Mode 

\ { GLITCH FREE -- --------':: ~ X 0"''"' PORT 
OUTPUT ------------

DATA' - - - - - ~ 
BUS ____ _ -" _______ .... X'-___ _ 

B. Output Mode 

WAIT STATE (READY = 0) 
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8755A 

WAVEFORMS (Continued) 

8755A PROGRAM MODE 

FUNCTION 

/ ... ------- PROGRAM CYCLE ------...... 1 ... · ---- VERIFY CYCLE' ------l--- PROGRAM CYCLE 

ALE 

A/DO_7 

A8-10 

IpS 

+25 

+5------------__________ -( 

OAf A TO BE 
PROGRAMMED 

lpO 

·Verify cycle is a regular Memory Read Cycle (with VOO = + 5V for 8755A). 
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Interrupt, 1-5, 1-7 
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Interrupt Timing, 1-7 
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Pin Description, 1-16 
Port I, 1-5, 1-17 
Port 2, 1-5, 2-9 
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Power Down, 1-13 
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RD, 1-17,2-9 
Read ,Cycle, 2-3 
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s 
Single Step, 1-11, 1-14 
Stack, 1-5 
State Counter, 1-10 
Sync Mode, 1-15 

T 
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Timer, 1-7, 1-9 
Timing, 1-13 
Timing Circuits, 1-9 
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v 
Vee, 1-17 
Voo, 1-17 
Verifying EPROM, 1-18 
VSS, 1-17 

w 
WR, 1-17,2-9 
Write Cycle, 2-3 
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ADD, 6-28, 6-38 
ADDC, 6-29, 6-38 
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BCD, 5-8, 5-10 
Bit Addressable, 6-5 
Boolean Instructions, 5-11, 5-12, 6-22 
Bus Cycle 
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Program Memory, 5-16 

Byte Addressable, 6-7 

MCS®-S1 INDEX 

c 
C (Carry) Flag, 5-6, 5-12, 6-10, 8-4 
Capture Mode, 9-21 
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CJNE, 5-14, 6-34 
CLR, 5-12, 6-6, 6-36 
Compare Mode, 9-21 
Control Registers, 8-3 
CPL, 5-12, 6-37, 8-7 
CPU Timing, 5-14 
Crystal, 5-14, 8-28 
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DA A, 5-8, 6-3 
Data Memory, 5-4, 5-5, 5-11, 6-3, 8-7, 9-1 

Read Cycle, 8-32, 9-9 
Write Cycle, 8-33, 9-9 

Data Pointer, 8-3, 9-4 
Data Transfers,5-9, 6-21 
DEC, 6-40, 8-7 
Direct Addressing, 5-7, 6-3, 6-5 
DIV AB, 5-8, 6-41, 8-23 
DJNZ, 5-14, 6-42, 8-7 
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EA (Enable All), 8-21, 8-22 
EA (External Access), 5-4, 8-7, 8-28, 9-10 
Encryption Array, 8-27, 9-37 
EPROM Programming, 8-27, 9-37 
EPROM Verifying, 8-27 
Execution Times, 5-7 
External Clock, 8-29, 8-30, 8-31 
External Program Execution, 5-4, 8-7, 9-8 

F 
Fetch/Execution Sequence, 5-15 

. Framing Error Detection, 9-25 

H 
High Speed Output, 9-22 

I 
I/O Buffers, 6-4, 8-5 
Idle Mode, 5-3, 6-10, 8-26, 9-35 
IE (Interrupt Enable), 5-17,6-11, 8-3, 8-21, 9-30, 10-8 
Immediate Constants, 5-7 
INC, 6-43, 8-7 
Indexed Addressing, 5-7 
Indirect Addressing, 5-7, 6-3, 6-5 
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Instruction Opcodes, 6-24 
Instruction Set, 5-6, 6-20 
Internal Timing, 8-31 
Interrupt Response Time, 8-23, 9-32, 9-33 
Interrupts, 5-4, 5-17, 6-11, 8-21, 9-4, 9-29, 10-7 

External, 6-11, 8-23, 9-30 
IP (Interrupt Priority), 5-17, 6-12, 8-3, 8-22, 9-30, 10-9 

J 
JB, 5-12, 6-45 
JBC, 5-12, 6-45, 8-7 
JC, 5-12, 6-46 
JMP, 5-13, 6-47 
JNB, 5-12, 6-48 
JNC, 5-12, 6-48 
J~Z, 5-14, 6-49 
Jump Instructions, 5-13, 6-22 
JZ, 5-14, 6-49 

L 
LCALL, 5-13, 6-50 
LJMP, 5-13, 6-50 
Lock Bits, 8-28, 9-37 
Logical Instructions, 5-9, 6-21 
Lookup Tables, 5-7, 5-11 

M 
Machine Cycle, 5-15 
Memory Organization, 5-3 
MOV, 5-12, 6-51, 8-7 

16-Bit, 5-10 
MOVC, 5-11, 6-56 
MOVX, 5-11, 5-16, 6-57 
MUL AB, 5-7, 6-59, 8-23 
Multiprocessor Communication, 8-12,9-25 

N 
Ninth Data Bit, 8-12, 8-18 
NOP, 6-59 

o 
ONCE (On-Circuit Emulation) Mode, 8-28, 9-37 
ORL, 5-12, 6-60, 8-7 
Oscillator, 5-14, 8-24, 8-28, 9-37 

External, 5-15 
Oscillator Fail Detec,t, 10:4 
Oscillator Frequency, 8-13 
OV (Overflow) Flag, 6-10, 8-4 

p 
P (Parity) Flag, 5-7, 6-10, 8-4 
PCA Timer/Counter, 9-17 , 
PCON, 6-10, 6-19, 8-3, 8-13, 8-26, 9-4, 9-36 
Polling Sequence, 5-17, 8-22 
POP, 5-9, 6-63 

P (Continued) 
Port Bit Latch, 8-4, 9-6 
Ports, 8-3, 8-4, 8-33, 9-4, 9-5, 10-3 
Power Down Mode, 5-3,6-10, 8-26, 9-36 
Power Off Flag, 9-36 
Program Memory, 5-3, 5-4, 6-2, 8-7, 8-27, 8-32,9-1 
Program Memory Locks, 8-27 
Programmable Counter Array (PCA), 9-4, 9-16 
PSEN, 5-4, 5-16, 8-7 
PSW (Program Status Word), 5-6,6-10, 8-3, 8-4, 9-4 
Pulse Width Modulator (PWM), 9-23 
PUSH, 5-9, 6-63 

Q 
Quick-Pulse Programming Algorithm, 8-27 

R 
RD Signal, 5-4, 8-7 
Register Banks, 5-7, 6-5, 6-10, 8-4 
Register Instructions, 5-7 
Register-Specific Instructions, 5-7 
Relative Offset, 5-12 
Reset, 6-8, 8-24, 9-33 

Power-On, 8-25, 9-34 
RET, 5-13, 6-64, 8-23 
RET!, 5-13, 6-22, 6-64, 8-23 
RI (Receive Interrupt) Flag, 6-18, 8-13, 8-15, 8-18, 8-21 
RL,6-65 
RLC, 6-65 
ROM Protection, 8-28 
RR,6-66 
RRC,6-66 

S 
SBUF, 8-3, 8-11, 8-15 
SCaN, 6-18, 8-3, 8-12, 8-13 
SEPCON, 10-5 
SEPSTA, 10-6 
Serial Expansion Port, 10-4 
Serial Port, 6-10, 6-12, 6-16, 6-18, 6-19, 8-11,9-4 
SETB, 5-12, 6-67, 8-7 
SFRs, 5-6, 6-5, 6-7, 8-1, 9-2 
Single-Step Operation, 8-24 
SJMP, 5-13, 6-68 

. Software Timer, 9-21 
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Stack Pointer, 6-5, 8-3, 9-4 
Start Bit, 8-12, 8-15, 8-18 
State Time, 5-15 
Status Flags, 5-7 
Stop Bit, 8-12,8-15, 8-18 
SUBB,6-69 
SWAP A, 5-9, 6-70 



AFLAG, 12-1, 12-3 
BFLAG, 12-1, 12-3 
Control Status Register, 12-2 
Handshake, 12-1 
IBF, 12-2 
IDS, 12-1, 12-2 
OBF,12-2 
ODS, 12-1, 12-2 
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ALABA ..... 

~~~Ordor.,#2 
Huntsville 35805 
Tel: (205)93().4()10 
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4~n~5 ~~Btt, Dr. 
Suite [)...21. 
Phoenix 65029 
Tel: (602) 869-4980 
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TUC8Oll85715 
Tel: (602) 299-6815 
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~~~~~ ~:Owan Street 
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~~f8r~~9= 
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Suite 218 

~8~f~)d~O 

15~~~~a1~Ultel01 
Tel: (916) 920-8096 
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Suite 450 
Santa Ana 92705 

W£J:~~l~ 
t:9+~.~ 
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2nd Floor 
Santa Clara 95051 

~~~~=.e5 
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=1~Panc Drive 
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~~or:ld9) ~~~k 80907 

~~!~= 51., Suite 915 

~~b.=Wl-:9 
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~~:lIFPI~;' Road 
2nd Floor 
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~~~~ 
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~~1l:~?1~ 
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~5~~~ 
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Blooml~~on 55431 

~6J~0-~1:7 
MISSOURI 

!~:I ~'City Expressway 
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~~~~Jl-;:~~ 
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=I~~~I Boulevard N.E. 
SuiteS 295 

~~~&~'5)'kuge2~~ 
NEW YORK 

Inlel Corp. 
127 MaIn Street 
Binghamton 13905 

~~~~cii-~~J 

£~;~~~USlness Center 
Bldg. 300, Route 9 
Fishkill 12524 

~~~~112.:~;: 
NORTH CAROUNA 

tlnt&ICorp. 
5800 Executive Center Dr. 
Suite 105 
Charlotte 26212 

~~~7~~~~ 

It:l~fit Road 

~:II:ei8r91~~~22 
OHIO 

~rgf'~6enter Drive 
Sulle 220 

~~J~5~2~~ 
t~~ ~~~ce Park Dr" Suite 100 
Beachwood 44122 

~~J~l:.tS:i3J:8 
OKLAHOMA 

;umf'~O:Oadway 
Suite 115 
Oklahoma City 73162 
Tel: (405) B4~086 

OREGON 

Greenbrier Parxway 

97006 

~~~~6~~7~1 
PENNSYLVANIA 

Intel Corp.' 
400 Penn Center Blvd., Suite 610 

~:N~~rgh81~70 
PUERTO RICO 

TEXAS 

l~~J.Ct~erson Lane 
Sulte3t4 
Austin 78752 
Tel: (512) 454-3628 

t~J3h ~%"Road 
Suite 400 
Dallas 75234 

~~~~1i\J.m~~ 

J~i~ ~~i='reeway 
Suite 1490 
Houston 77074 

~J~b?sa~48~ 
UTAH 

1~n8teJ~T.ioo South 
Suite 104 

~~7ab~~:8051 
VIRGINIA 

tlntelCorp. 
, 504 Santa Rosa Road 
Suite 108 
Richmond 23288 
Tel: (804)282·5688 

WASHINGTON 

tlntal Corp. 
15510Sth Avenue N,E. 
Sulta386 
Bellevue 98004 

~~gr~2 
tlntelCorp. 
408 N. Mullan Road 
Suite 102 
Spokane 99206 
Tel; (509)928-8086 

WISCONSIN 

mte~~~utlve Dr. 
Suile 102 
Brookfield 53005 
Tel: (414)784-8087 
FAX: (414)796-2115 

CANADA 
BRITISH COLUMBIA 

ONTARIO 

~~Jglg~~~~~i:~~V~ Canada, Ltd. 

Suite 250 
Ottawa K2B 8H6 

~~~~~~9714 

QUEBEC 

l~~~I~~~~~~~~~~f Canada, Ltd. 
Pointe Claire H9R 31<2 

~~J:~~~,~ 

CG/SAL 111 01 088 



inter, 
DOMESTIC DISTRIBUTORS 

.LAB .... 
ArreNt Electronics, Inc. 
1015 Henderson Road 
Huntsville 35805 
Tel: (205) 837-8955 

CAUFORNIA 

Arrow Elecb'onics, Inc. 
1082r!a~~treet 
~ (7104) 220-6300 

Arrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 

~~J~~~~ 

tHamlltonfAvnet Electronics 
9650 Desoto Avenue 
Chatsworth 91311 
Tet: (618) 700-1161 

~,1~W::let Electronics 

Ontario 91781 
Tel: (714) 989-9411 

~~~n:ICS 
Chatsworth 91351 

~~J~~~~~ 

CAUFORNIA (Cont'd.) 

COLORADO 

CONNECTICUT 

tArrow Electronics, Inc. 
1 

HamlltOn/Avnet Electronics 
Commerce Industrial Parll: 

FLORIDA 

~~~=S,lnc. 
Suite 102 
Deerflekl Beach 33441 

~~~6 
Arrow ElectronIcs, Inc. 

~~:e"t~~ Drive 
Lake Marv32746 

'~~g~a:5= 

tMicrocomputer System Technical DIstributor Center 

FLORIDA (Cont'd.) 

:~~ev~~leSGrouP.lnc. 
Deerfield Bea:ch 33442 

~~b-C;5~~ 
GEORGIA 

!~~~~~p~ay 
Suite A 
Norcross 30071 

~~~b.~= 

:~~~e~I~:up.'nc. 
Norcross30D71 

~;'g1b.~~',1 
IWHOtS 

~~SJt~~~3:: 
Itasca 60143 
Tel: (312) 773-2300 

INDIANA 

IOWA 

Hamllton/Avnet ElectroniCS 
91533rd Avenue, S.W. 
Cedar Rapids 52404 
T&I:(319)362-4757 

KANSAS 

Arrow Electronics 
8208 Melrose Dr., Suite 210 
L.enexa68214 
Tet: (913) 541·9542 

~~:r~~'~~~~ectronlcS 
OVerland Park 68215 

~9Jf~S:=5 
PIoneer{rec Gr. 
10551 Lockman Rd. 
Lenexa 66215 
Tel: (913) 492-0500 

KENTUCKY 

Hamilton/Avnet 8ectronics 
1051 D. Newton Park 

~1(~):~U75 

MARYLAND 

Arrow Electronics, Inc. 
6300 Guilford Drive 
Suite H, River Center 
Columbia 21046 

~~1~~~ 

~~l(i~:~~:~ood~'8r. 
Columbia 21046 

~~~~9\5~2 
t~~:~~~adoglesGrouP.lnc. 
GaJ-.b';p,208n 
~~~~~~5 
MAS8ACHUSEnS 

Arrow Electronics, Inc. 
25 UI::; D., 

~:~~i9f~O~~~ 
l~~~~ri!j~~te;tronk:s 
... bod1 01960 

WU~i,~: 
MTI Systems Sales 

~~~~~~~J. 
PioneerElectronlc8 
44 Hartwell Avenue 
Lexl~n02173 

~:ir~2~~7 
MICHIGAN 

Arraw Electronics, Inc. 
755 Phoenix Drive 
Ann AIbor48104 

~Jf~l~o 

Pioneer Electronics 
4504 8roadmoor S.E. 
Grand Raplds 49508 
FAX: 616-698-1831 

~:Nt'~t!:~~~~a~nlcs· 
Livonia 48150 

~~Jn~2~~5 

MINNESOTA 

t~2~dEe~c.:.rrl°a~ Dr. 
SulteG 
Eden Pralri 55343 
Tel: (612) 944-3355 

MISSOURI 

~7c~=onlcs, Inc. 

St. Louis 63141 

~~Ji~~l.i= 

NEW HAMPSHIRE 

NEWJEASEV 

~~ait?~n~a:rc' 
Unit 11 
Martton08053 

~~~=: 

t~1.:'~~1~(~vnet Electronics 

Falrfleld 07006 

~~~~~1~8 
!~~~Wl:~~s Sales 
Falrfle1d07006 
Tel; (201) 227·5552 

l~~= ~:raronlcs 
Plnebrook 07058 

~~~~l~~ 
NEW MEXICO 

NEW YORK 

L~r~I=~~~~~ca Townllne Rd. 
Rochester 14623 

~J~1S~7~ 
Arrow Electronics, Inc. 
20 Oser Avenue 

~f!f~i!!3 

tHamlnon/Avnet Electronics 
333 Metro Park 
Rochester 14623 

~J~~'V~5~l:'0 

Pioneer 8ectronlcs 
40 Oser Avenue 

~:I~ffla~g:3~ ~::Jo 

CG/SAL2/101088 



inter 
DOMESTIC DISTRIBUTORS (Cont'd.) 

NI!W YORK (Cont'd.) 

~~!:::i~est 
~~~~r'1797 

=~~"" Falrportl4450 

~J~b-~l:, 
NORTH CAROUNA 

~~n~v:'es~ICS 
~J~b-8~~:e 
~~~~,:gr~p, Inc. 
Charlotte 28210 

~9J~~,-= 
OHIO 

tArrowElectronlcs.J~. 
6238 Cochran Road 
8010044139 

~2J~~:&. 

OKLAHOMA 

Arrow Electronics, Inc. 
1211 E.51stStreet 
Suite 101 
Tul$874146 
Tal: (918) 252·7537 

t~~~Jfs~:.;~~or~ 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 

t~'tJ.9J~~~· 
Beaverton 97005 

~~~6 

PENNSYl.YANIA 

~gw~~Ies,[nc. 
MonroevlUe 15148 
Tel: (412) 856-7000 

Hamttton/Avnet Electronics 

='b~::7~' 
Tel: (41~ 281-4150 

Pioneer Electronics 

TEXAS 

~~0C!~an'd~S6~~ 
carrolltOn 75006 

~~J1~ 
tser~WK~=~Ics, Inc. 
Suite 100 
Houston 77099 

~:1~"~~ 
tArrowElectronlcs, Inc. 
2227 W, Braker Lane 
Austin 78758 

~;J~b-~V~ 

tMlcrocomputer System Technical Diabibutor Center 

TEXAS ICont'd.) WISCONSIN 

!Hamllton/AYnet Electronics Arrow Electronics, Inc. 
111 W. Walnut Hili Lane 200 N. Patrick Blvd., 5te. 100 

~75038 Brookfield 53005 
Tel: 14~111 +~jtJ1b?2~~3 :91 5929 

:~J~~~3.~ ~=~~C$ 
Hamllton/AvnetElectronIcS 
2975 Moorland Road 
New Bertin 53151 

~Jr~~~!l~ ~~J1b?2s:tN~ 
lPloneer Eloctronlcs CANADA 8250 Kramer 
AuStin 78758 

~~J~~~ A.LBeRTA 

t~m~~~w: 
Hamllton/Avoet Electronlc$ 
2616 21stStr88t N.E. 

!iL~ :rm2J~~5~ 
Zentronics 

!~n=!=~D~e ~N1~~ Avenue N.E. 
Houston 77036 

~l4'&~2~~1 ~Jr~~aJa 
BAmSH COWIIBIA 

~g g=~:~1~:~~ onlcs 
Richardson 75081 
Tel: (214) 235-9953 

UTAH 

Arrow Electronics 
Zentronlcs 

1946 Parkway Blvd. ~?!~~~:6~~~rt Road 

~~(~';)~~U9 ~~:~~5 

l~:sm~~{~~~~nlcs MANITOBA 

~'to~1:~~.mJ9 Zentronics 
60-1313 Border Unit 60 

:91 925-4018 
~(~~:l~~i 

~e Distribution Group 
1 5 Wesl2200 South ONTA.RIO 
SutteE 

~~~1~~~?7~JJ~ Arrow Electronics, Inc. 
36 Antarea Dr, 

WASHINGTON ~:n:r3~~~ 
l~rgg~~~r~~~~y Arrow Electronics, Inc. 

1093 Meyerslde 
Bellevue 98007 

m1:f:)US:~61 f.t4 ~t~~~27 :06-218213 

Arrow Electronics, Inc. ~mJlton/Avnet Electronics 
19540 68th Ave. South 5 AaxWood Road 
Kent 98032 Units 3-4-5 
Tel: (206) 575-4420 MlssiS8a~a L4T 1 R2 

~~Jfl:l;2?:;7 
Hamllton/Avnet Electronics 
6845 ReXwood Road 
UnitS 

~18tr1butlonGroUP 
1 N.E. 90th Street 

¥~r:(~f:)%~R2 
Redmond 98052 
Tel: (206)881.1150 

ONTARIO IConl'd.) 

tHamllton/Alffi&t Electronics 
90 ColOnnade Road South 

~~~ivoo 
l;~I~~~~urt 
5f$.w~F 
l~r~~ade Road 
Unit 17 

~::(3f3FJa:~o 
Zentronlcs 
~1313 Border St. 

~~(~~:~~7 
QUEBEC 

loArrow ElectronICS Inc. 
50 Jean Talon Ouest 

Montreal H4P lWI 

~~J~1535sgg511 

ArrawEJectronics, Inc. 
909 Charest Blvd. 
Quebec J1N 2C9 

~~6~1~231 

Zentronics 

~:~ ~~~~~XT 1 M3 
Tel: (514) 737·9700 
TWX: 05-827-535 

CGfSAL3/1 01 086 



intJ 
DENMARK 

Intel 
Glentevej 61, 3rd Floor 

~~~W5~i)h:~~O ~¥ 
FINLAND 

Intel 
Ruosilanlle 2 
00390 Helsinki 

i~~}~~%~r4 644 
FRANCE 

Intel 
I, Rue Edison-BP 303 
78054 51. Quenlin-en-Yvelines Cadex 
i~~~J9~UO 57 70 00 

Intel 
4, Quai des EtrOils 
69321 Lyon Cedex 05 
i~:(~5(~~ 78424089 

EUROPEAN SALES OFFICES 

WEST GERMANY ISRAEL 

Intel' Intel" 
Oomacher Strasse 1 Atidim Industrial Park-Neve Sharet 
8016 Feldkirchen bel MuenChen P.O. Box 43202 
i~n~~g~~~90992-0 Tel-Aviv 61430 

Tel: (972) 03·498080 
FAX: 904-3948 TLX: 371215 

Intet ITALY 
Hohenzollern Strasse 5 
3000 Hannover 1 Inte'" 
Tel: (49) 0511/344081 Milanofiori Palazlo E 
rlX: 9-23625 20090 A$sago 

Milano 
Intel +~~::l,~~! 8244071 Abraham Lincoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121{7605-0 
TLX: 4-186183 

NETHERLANDS 

Intel· 
Intel ~~~e~vM~~::Jla~3 lettachring lOA 

~m~~~!J1fg67-0 ~~:(~W3Al 0-421.23.77 

NORWAY 

Inlel 
Hvamvelen 4·PO Box"92 
2013SkJetten 

~~~~~o(f~ 842 420 

SPAIN 

Intel 
Zurbaran,28 
28010 Madrid 

i~:(~J~O 40 04 

SWEDEN 

Inter' 

~:~v~rGo~~ 
irx~~~2~J34 01 00 

SWITZERLAND 

Jntel 
luerichstrasse 
8185 Winkel-Rueti bei Zuerich 

t~~~5~Vro 62 62 

UNITED KINGDOM 

Intel' 

~:'~Jo~,a~ltshlre SN3 1 RJ 

t~~~UUjtJ 696000 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bacher Electronics G.m.b.H. 
Rotenmuehlgasse 26 
1120 Wien 
Tel: (43) (0222) 83 56 46·0 
TLX: 131532 

BELGIUM 

~:,I::~~6rxmd:·~uerre 94 
1120 Bruxelles 

7i>~~oa~~~~tnlaan, 94 
Tel: (32) (02) 216 01 60 
TLX: 64475 

DENMARK 

ITT·Multikomponent 
Naverland 29 
2600 Glostrup 

~E~~~ ~Wl45 6645 

FINLAND 

OY Fintronlc AB 
Melkonkatu 24A 
00210 Helsinki 

~~f~~~2~! 6926022 

FRANCE 

Generim 
l.A. de Courtaboeut 
Av. de 18 BaltiQue-BP 88 
91943 Les Ulis Codex 

~~~~NlJ9 07 78 78 

~3~l."rue des Solets 
Silic 585 
94663 Rungls Cedex 
i~(~~:5 60 04 00 

~~~~OJ~~~leres 
4, avo Laurenl·Cely 
92606 Asnieres Cedex 
Tel: (33) (1}47 90 62 40 
TLX:611448 

Tekelec-Airtronic 
Rue Carle Vemet - BP 2 
92315 Sevres Cedex 

~~:(~~~~~5 34 75 35 

·Field Application Location 

WEST GERMANY 

:fo"s~~~~k,02rsgonent GmbH 

Bahnhofstrasse 44 

~~hV~~~~~i~879 
Jermyn GmbH 
1m Dachsstueck 9 

~~r~4~jg~§1/508.0 
TLX: 415257-0 

Metrologie GmbH 

~~i~~!~~~~~~9 
i~~~~,~~W:8042-0 

Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich 
Tel: (49) 0610313040 
TLX: 417903 

IRELAND 

Micro Marketin9 Ltd. 
Glenageary Office Park 
Glenageary 
Co. Dublin 
Tet: (21) (353) (01) 85 53 25 
TLX: 31584 

tSRAEL 

ITALY 

tntesl 
Divlsione ITT Industries GmbH 
Viale Milanofiori 
Palazzo E/5 
20090 ASS8g0 
Milano 

~~:(~;)1'f'f24701 

NETHERLANDS 

Koning en Hartman 

~6~~e~~eDe~ 
Tel: (31) 15609906 
TLX: 38250 

NORWAY 

Nordisk Elektronikk (Norge) AIS 
Poslboks 123 
Smedsvingen 4 
1364 Hvalstad 
~~:(WsWl) 84 6210 

PORTUGAL 

Oitram 
Avenida Marques de Tomer, 45·A 
1000 Usboa 
Tel: (351) (1) 73 48 34 
TLX: 14182 

SPAIN 

ATD Electronica, SA 
Plaza Cludad de Viena, 6 
28040 Madrid 

i~~~J7~~ 40 00 

ITT-SESA 

~:~joM~~d~\:ngel, 21-3 

~~~~.)4~~9 09 57 

SWEDEN 

Nordlsk Elektronik AS 
Huvudstagatan I 
Box 1409 
171 27Solna 

+~~1~50t734 97 70 

SWITZERLAND 

tndustrade A.G. 
Hertistrasse 31 
8304 Wallisellen 
Tel: (41) (801) 83 05 04 0 
TLX: 55788 

TURKEY 

EMPA Electronic 
Undwurmstrasse 95A 
8000 Muenchen 2 
Tel: (49) 089/53 80 570 
TLX: 528573 

UNITED KINGDOM 

Accent Electronic Components Ltd. 
Jubll&9 House, Jubilee Road 
Letchworth, Herts SG6 HL 
Tel: (44) (0462) 686866 
TLX: 826293 

Jermyn 
Vestry Estate 
Olford Road 
Sevenoaks 
Kent TN14 5EU 

~~~~J,~~32) 450144 

MMD 
Unit 8 Southview Park 
CavElrsham 

~:~~~~?re RG4 OAF 

+~~~6<3lr) 481666 

Rapid Silicon 
Rapid House 
Denmark Street 
High Wycombe 

~~f~l'l~~~~~I~~~:a1' 2ER 
TLX: 837931 

Rapid Systems 
Rapid House 
Denmark Street 
High Wycombe 

f~f~17~~~~i~~~:4~1 2ER 

YUGOSLAVIA 

H.R. Microelectronics Corp. 
2005 de la Cruz Blvd., Ste. 223 
Santa Clara, CA 95050 
U.S.A. 

i~(U8~m 988.(l286 

CG/SAL4/101088 



inter 
INTERNATIONAL SALES OFFICES 

AUSTII.WA ...... JAPAN (Conl'd.) kOREA 

~I~=~'~tsugi Bldg. 
1-2-1 Aaahl-machl 
~~~~awa243 B386 
FAX: 0462·2&.3781 

..... L SINGAPORE 

580 Lid. 

Intel Japan K.K. 
Shlnmaru Bldg. 
1-5-1 MarunouChI 

CHINA/HONG KONG i:~~~~'00 TAIWAN 
FAX: 03-201~ 

(Far East) UtI. 

Intel Semlconduc:tor Lid.· 

~~ower 

INTERNATIONAL 
DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

DAFSYS S.R.L 
Chacabuco. 9().01 Pisa 
1D69-Buenoa AInII 
Tel: 54-1-334-1871 

64--1-334-7726 
TUC:25472 

AUSTII.WA 

..... L 

ElebraM_ 
R. 0eraId0 Flaualna Gume •• 78 
9 ...... 
04575 ~ Sao Paulo - S.P. 
Tet: 011-55-11-534-9637 
TLX: 3911125131 ELBR BR 
FAX: 55-11-634-942<t 

CIIL! 

DIN Instruments 
SuocIa2323 
CuIII, B056, Correo 22 

~'38 
TLX: 440422 RUDY CZ 

CHINA/1fONGI KGNG 

=.~.::=~:. .. Ltd. 
Alae " 2B K"waI tiel Streel 

INDIA 

IN 

~=~18 
, ..... 

C.1toh Techno-ScIence Co., Lid. 
C.IIO.B~2-5-1_ 

r.:c~~7~'07 
FAX: 03-497-4879 

JAPAN (COnI'd.) 

011 Semlcon Systems. Inc. 
. Wacore 64, 1-aN1 SansrnJaya 
~~kyo1 
FAX: 03-487-8088 

~~"r.=' 
~otr~8'hl"60 
FAX: 052-204-2901 

~yoEtactroCorp. 
KOnwaB~. 

~~:r::a'04 
Tal: 03-546-5011 
FAX: 03-548-5044 

KOREA 

IIDlCD 

DICopIJCS.A. 
ToctitH 388 Frace. Ind. San AntonIO 

~~:r~.;~.D.F. 
TLX! 1713790 DICOME 

NI!.WZI!!ALAND 

g:~ve~~sel 
Penroae. Auckland 
AnN: Dean Danford 
T":84-9-591155 
FAX: 84-9-S92881 

SlNGAPORI! 

SOUTH AFRICA 

E1actron1cBullcSlng Elements, Ply. Ltd. 
P.O. Box 4609 
Pine Square. 18th Street 

~:e~=rlaOOO1 
Tue: 3-227788 SA 
FAX: 0927-O12~1 

TAIWAN 

...... 
5FL. 135 Sec. 2 
Chlen-Kuo N. Rd. 
~~~.10479 
Tel: (~6010056 

FAX: ~021 ~=~l 
VENI!ZUI!LA 

P. Benavides S.A. 
AYlIan.eRIo 

CG/SA.LS/l0108B 



inter 
.......... 
IntelQorp. 
5015 8I"1idfofd Dr., #2 
HuntlvlDe35B05 
Tel: (205) 830-4010 

A11IZOO1A 

~rm~28thDr. 
Suite [)'214 
_85029 
Tel: (602) 889-4980 

Intel~. 
500 E. Fry Blvd., Suite M·t5 
Sierra VIata 85635 
Tel, (602) _SOlO 

~~, ~i Dorado Place 
SuIOo301 
Tucson 85715 
Tel: (602) 299-6815 

CAUl'ORNIA 

Intel Corp. 
21515 Vanowen Street 
8ull8116 

=sr~ 

I~Corp.· 
San Tomn 4 
I:'~ Torno Expressway 

Santa Clara 85051 

~~~5 
COUIIIADO 

CON .. CTICUT 

~~~&inRoad 
200.-
Dan~"'" 
~'7,~1,3fg 

CAUFORNIA 

915 

~~SC~c;grxpreISWay 
Tel: (408) 970-1700 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
TeI,(408)_ 

DOMESTIC SERVICE OFFICES 
FLORIDA 

GEORGIA 

~~nteP'rkway 
Sulte20Q 
Norcross 30092 
Tel: (404)449-0541 

IWNOIS 

INDIANA 

~~ueRoad 
Suite 125 

~=J~= 
IOWA 

Intel Corp. 
1930 St. Andrews Drive H.E. 2nd_, 
=,~r=W ...... 

10th Street 

Park&e210 
345-2727 

.... YWlD 

I~Corp.· 
~bll'k'N.YDrtveSouttl 

Hanover 21078 

~~l~?'':. 

IlAS8ACHUSI!TTS 

=~~.Center 
3 Carlile Road 
2""'­
WeetJord01B86 

~;m';"l.-wl. 

MICHIGAN 

ItINNE80TA 

MISSOURI 

I~Corp. 

~ ~~ City Expressway 

r.~3~:r~990 
NEW,JEASEY 

=\!la,.110 
RarttanCenter 
alison 08817 
Tel: (201)225-3000 

NI!WIII!:XICO 

Intel Corp. 
8500 Menaul Boulevard N.E. 
...... 295 

~~~~ 
NIlW'YORK 

InteiCorp,-
3QO Motor Parkway 

~:t'\f,'~~1~ 
TWX: 510.221-8236 

NOATH CAROUNA 

Intel Corp. 
5700 executive DrIve 
8ulte213 
Char1otte28212 
Tel: (704) 568-8968 

Inte/Corp. 
ru:~lffROad 

~::elci~9~~W-8022 
OHIO 

Rood 

Intel Corp •• 
3401 Pari\: Center Drive 
"" .. 220 

~lt~ 

OKLAHOMA 

=~adwaY 
Bullet1S 
Oklahoma CIty 73162 
TeI:(405)~ 

OReGON 

~n2~ ~'Elam Young Parkway 
Hillsboro 87123 
Tel: (503) 881-8080 

PI!NNSYLYANIA 

PUI!RTORICO 

Intel Mlc:roprocesaor Corp. 
South Induatrial Park 
P.O. Box 910 
LaaPledtaaOO871 
Tel: (809) 733-8618 

TEXAS 

Intel Corp. 
313 E. Ahderaon Lane 
Suite 31. 
Auatln78752 
Ter: (512)454-3828 

CUSTOMER TRAINING CENTERS 
ILLIIIOI8 

=~~rtI~jl300 
Tel, (312) .'1' ... 700 

MA88ACHUSI!TT8 

3 Cartlsle Road 
Westford 01886 Tel: (508) 692-1000 

MARYLAND 

7833 Wal1tef Dr., 4th Floor 
Greenbelt2DnO 
Tel, (301)220-3380 

SYSTEMS ENGINEERING OFFICES 
IWNOIS NEWVORK 

=:~rtI~~il3OO 
Tel, (.,2).'1' ..... , 

300 Motor Parkway 

~:~\f,'~1~ 

TEXAS (Conl'd.) 

~~~:·Freeway 
Suite 1-490 
Houstonn074 

~J~~ 
UTAH 

Intel Corp. 
428 East 6400 South 
SuHe10-4 

~~~ftJ:aos, 
VIRGINIA 

WASHINGTON 

WISCONSIN 

CANADA 
IAmIH COLUMBIA 

ONTAJl:to 

Inlet Semiconductor of canada, Ltd. 
2850 OuHnlview onv. 
Suite 250 
Ottawa K2B 8He 
+~!~~8714 

Intel Semiconductor of canada, Ltd. 

QUIBEC 

Intel SemIConductor 01 Canada, Ltd. 
820 St. John Boulevard 
PoInte Claire tt9R 3K2 

~5~t~9"~ 

CGfSAL6/101088 




