
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins 81-810 
are always affected by Chip Enable (CE), optional for 
Data Ready and Any Key Down. A pulldown to ground is 
optional. 

Shift Control Lock: S C L 
These three pins determine what will be output in 
response to a new key being detected. The Caps Lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. All three pins have optional 
pulldown resistors to ground. The Lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the 89 output which is used to see if this 
key can be shifted (be it a control code or not) by modi­
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed Lock follows this table: 

L 99 S C Result 
F F F F N 
F F F T C 
F F T F S L = CAPS LOCK 
F F T T SC 99 = DATA OUTPUT 99 

N = NORMAL 
F T F F N S = SHIFT 
F T F T C C = CONTROL 
F T T F S SC = SHIFT and CONTROL 
F T T T SC 

T F F F N 
T F F T C 
T F T F S 
T F T T SC 

T T F F S ForceN->S allow shift 
(iem->M) 

T T F T SC ForceC->SC shift of Control 
T T T F 'SIN Opt Force S->N allow reverse 

(ieM->m) 
T T T T 'SC/C Opt Force remove shift in 

SC->C Shift-Control 

'The mask programmable option for the removal of the shift is 
coded as either ON for all keys or OFF. Note that the 99 DATA 
outpul{and all the others) is the code of the second decode. Note 
that shift only occurs when both the lock is true and the unmodi-
fied code gives a 99 ROM output as true. 

Repeat: ARD ARO AR1 
When the Auto-repeat option is selected and a key is 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards ifthe key is still pressed. These delays 

Minimum Switch Closure: 

consist of a programmable number of scan frequency 
time clocks varying from 2 to 131071 clock times. 

This option is masked programmable and dependent on 
the programming of the data bit 10 of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action should occur at all. 

There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 

TYPICAL INITIAL REPEAT DELAY COUNTS 
ARD = hi 80000 clock times 
ARD = low 40000 clock times 

The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation 
completely. 

TYPICAL SECONDARY REPEAT COUNTS 
ARO AR1 Count 
o 0 All Auto-Repeat Disabled 
o 1 6250 
1 0 3125 
1 1 1250 

Typical Example: 
One typical approach would be to mask program ARD 
for only one long delay value and mask ARO to ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and have the option of having one fixed short delay value. 

ROM Data: 
The actual programming data is in 10 bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 "X" outputs with 10 "Y" 
inputs. The four functions as previously defined are Con­
trol, Shift, Normal, and Shift-Control. 

The use of the optional Lock requires the programming 
of the 89 data bit. The use of the optional Auto-Repeat 
requires the programming of the 810 data bit. If the 89 
or 810 outputs are used then these will show the result 
of the contents of the "corrected" key function data bits. 
The "corrected" function is the possibly changed Nor­
mal to Shift etc. etc. so that the output is that of the 'Shifted 
key code' NOT that of the initial key code. 

T = Switch bounce + (90 x 1/f) + Strobe delay + Strobe width 

I I I I 
maximum determined determined minimum time 
expected by frequency by external required by 

of operation capacitance external circuitry 
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CONDITIONS: 

Clkl 

XO 

X1 

X2 

Delay Cap 

DataRP 

DataRL 

B1-B10 

The clock divider is 1 so that elkl is "same as clock IN". 
A key is pressed down at XOYO but the delay cap has not timed out. 
Data Ready is high true and we have already had another key. 
DataRP = Data Ready as a Pulse DataRL = Data Ready as a Level 

I I I 

------------~:~--r_~\ I 1 

l Y I I 

I I ul ------------~I~--+_~--~I r------------------------
I I 
I I 

L-.J I 
I 

I I 

--------~~~II~----------------

_____________ ~\c-------------------------

Condition: Test mode autorepeat at divide by 4 and keep key down 

Clkl 

XO I 
I I 

X1 

X2 

I I 
I I 
I 
I I I 

------------~I-L--~~~_rl~ I 
I I I 
I I I 

DelayCap L--.J I I I 
I I I 

I I I I I 

DataRP 

DataRL 

B1-B10 

--------~_HHII II IlL I I I I I I 
I I I I I I 

~+41~. LlJ ~ 
1 __ longdelay ... 1.. shortdelay ~ _____ _ 

--------------~~~----------------------
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ELECTRICAL CHARACTERISTICS: KR9600, KR9601, KR9602 

MAXIMUM GUARANTEED RATINGS 
Operating Temperature Range** ....................................................................... O°C to + 70°C 
Storage Temperature Range ...................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10sec.) ....................................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ........................................................... + 8.0V 
Negative Voltage an allY Pin, with respect to ground .......................................................... - 0.3V 

ELECTRICAL CHARACTERISTICS (TA = O°Cto 70°C, Vee = +5V ± 5%, unless otherwise noted) 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V'L 0.8 V All inputs 
High Level V,H 2.0 V Except Y + 16X CLK 

2.2 V 16XCLKonly 
YINPUTS 

High Level VYIH 2.8 V Yinput 
Low Level VYIL 0.8 V Yinput 

INPUT CURRENT 
Leakage IL 10.0 fLA All inputs except Y 

V,N = 5V 
Input with PUll-down resistor 
selected as option 75 220 fLA V,N = 5V 
Yinputs IYIL -100 -400 -500 fLA VYIL = 1 volt 

Y inputs only 
OUTPUT VOLTAGE LEVELS 

Low Level VOL 0.4 V 10L = 1.6 mA 
High Level VOH 2.4 V 10H = 100 fLA 

Except X outputs 
X output voltage VOL 0.4 V 600 fLA 

VOH 3.4 4.0 V clock high 
10H = 10 fLA 

TRI-STATE LEAKAGE 10 fLA 81-810 
~NPUT CAPACITANCE 

All inputs C'N 10 pF Except Y inputs 
POWER SUPPLY CURRENT Icc 20 40 mA KR9600101 

Icc 15 35 mA KR9602 
A.C. CHARACTERISTICS 

CLOCK FREQUENCY* F'N 0.01 4 MHz KR9601/02 
0.01 0.1 MHz KR9600 

16X CLOCK FREQUENCY DC 640 KHz KR9602 
Chip enable access time TCE 250 ns 

SWITCH CHARACTERISTICS 
Min switch closure see timing 

Contact closure resistance Zcc 300 
diagram 

ohms 
Zcc 1 x 107 

NOTE: The KR9600 is a direct replacement forthe KR3600. Please note that due to the logic level of the KR9600, when 
replacing the KR3600 in a N-Key rollover system where diodes are utilized, the polarity of the diodes must be 
reversed. 

* Divisor on ~R9601/02 must be selected such that the resulting internal scan frequency is 10 KHz min to 100 KHz max. 
** Parts optionally available in extended temperature ranges in hermetic packages. Inquire at factory. 
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KR9600-PRO DESCRIPTION 

The KR9600 PRO is a MaS/LSI device intended to sim­
plify the interface of a microprocessor to a keyboard 
matrix. Like the other KR9600 parts, the KR9600 PRO 
contains all of the logic to de-bounce and encode key­
switch closures, while providing either a 2-key or N-key 
rollover. 

The output of the KR9600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple field 
programming. 

The code in the KR9600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through XOY1, XOY2 ... X8Y9. Bit 9 is the LSB; bit 1 is the 
MSB. 

FIGURE 1 
KR9600 PRO TYPICAL APPLICATION 

64 KEY, 4 MODE 

.5 NC 

ROllover Any Key Down 

.,--/~, DalaReady 

LOCkout ~O 40 

X139 

X238 

)(3 37 

)(4 36 

X5 35 

)(6 34 

r--2 33 I,\i-}(j-
~ 32 0 14 !!..-NC 6~ 

+-+--+-+-+-1-+--+-+--",'1'0 17 g: 13!","---"'l 7~ 
+-+--+-+-+-I-+--+-+--"lYI 18 C) 12!","---"'l ~ B~ ~ 
+-+--+-+-+-I-+--+-+--"iY2 19 :s 11 84 A23 $ 9~ ti 
+-1-+--+--t-i-++-t-4Y3 20 ~ 10 85 AJ 4 ;; 11 ~ ~ 
+-+--+-+-+-1-+--+-+--9'1'4 21 ~ 9 86 ~ 12r-- u 

-I-H-++-H-+-t--"'lY5 22 1<1 13~ 
-I-H-++-H-+-t--"'lY6 23 14~ 

'1'724 A1 19 

'1'8 25 1\ "~'~ 
lyp,cals ... tch typlcalsw,tch 

iN-keyrallover! (2-keyrollovefl 1 =»' tt' : : c,r 
-", 

Bits 2 and 3 indicate the mode as follows: 
Bit 2 Bit3 
o 0 
o 1 
1 0 
1 1 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 
Figure 1 shows a PROM-encoded 64 key, 4 mode appli­
cation, using a 256 x 8 PROM, and Figure 2 a full 90 key, 
4 mode application utilizing a 512 x 8 PROM. 
If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as 
shown. This prevents "phantom" key closures from 
resulting if three or more keys are depressed 
simultaneously. 

FIGURE 2 
KR9600 PRO TYPICAL APPLICATION 

90 KEY, 4 MODE 

·5 NC 

Any Key Do ... " 

DalaReady 

';C!J 
~ X238 

)(3 37 

),4 36 "f----i~ 
)(6 34 

----.£ 33 r-'~2~ 
~ 32 0 14F" __ -"1AO 6~ 

+-+-+-+-+-11-+--+-+--4'1'0 ,1 g: 13 82 7~ 
+-+-+-+-+-11-+--+-+--'1'1'1 180 12 83 B~ 
+-+-+-+-+-11-+--+-+--'1'1'2 19 :s .11 84 '5 9~ 

-I-H-++-IH+t--"'lYJ 20 ~ lO,O"O __ --"'lA5 ~g ~ 11~ 
-I-H-++-IH+t--'-1Y4 21 ~ ~ ;! 12f2L-. 

Iyp,calswllch 
IN'key'Oliover) 

I 
Iyp'eals .... ,tel'l 
(2·~ey rOllover) 

'1'5 22 1"'-__ ~A6 18 13~ 

'1'6 23 14~ 

'1'724 

V8 2S 

=» tt IC)-
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TABLE 1 
KR9600-PRO CODING SHEET AND OPTIONS 

Normal 
XV 8·12345678910 
00 000000000 
01 000000001 
02 000000010 
03 000000011 
04 000000100 
05 000000101 
06 000000110 
07 000000111 
08 000001000 
09 000001001 
10 000001010 
11 000001011 
12 000001100 
13 000001101 
14 000001110 
15 000001111 
16 000010000 
17 000010001 
18 000010010 
19 000010011 
20 000010100 
21 000010101 
22 000010110 
23 000010111 
24 000011000 
25 000011001 
26 000011010 
27 000011011 
28 000011100 
29 000011101 
30 000011110 
31 000011111 
32 000100000 
33 000100001 
34 000100010 
35 000100011 
36 000100100 
37 000100101 
38 000100110 
39 000100111 
40 000101000 
41 000101001 
42 000101010 
43 000101011 
44 000101100 
45 000101101 
46 000101110 
47 000101111 
48 000110000 
49 000110001 
50 000110010 
51 000110011 
52 000110100 
53 000110101 
54 000110110 
55 000110111 
56 000111000 
57 000111001 
58 000111010 
59 000111011 
SO 000111100 
51 000111101 
52 000111110 
53 000111111 
54 100000000 
65 100000001 
SS 100000010 
67 100000011 
sa 100000100 
59 100000101 
70 100000110 
71 100000111 
72 100001000 
73 100001001 
74 100001010 
75 100001011 
7S 100001100 
77 100001101 
78 100001110 
79 100001111 
80 100010000 
81 100010001 
82 100010010 
83 100010011 
84 100010100 
85 100010101 
as 100010110 
87 100010111 
88 100011000 
89 100011001 

OPTIONS: 
Internal Oscillator (Pins 1, 2, 3) 
Lockout/Rollover (Pin 4) 

Internal Resistor to GND 
Lockout is Logic 1 

Shift Control Shift/Control 
8-12345678910 8-12345678910 8-12345678910 

001000000 010000000 011000000 
001000001 010000001 011000001 
001000010 010000010 011000010 
001000011 010000011 0,,000011 
001000100 010000100 011000100 
001000101 010000101 011000101 
00;000110 010000110 011000110 
001000111 010000111 011000111 
001001000 010001000 011001000 
001001001 010001001 011001001 
001001010 010001010 011001010 
001001011 010001011 011001011 
001001100 010001100 011001100 
001001101 01000,,01 0,,001101 
001001110 010001110 011001110 
001001111 010001111 011001111 
001010000 010010000 011010000 
001010001 010010001 011010001 
001010010 010010010 011010010 
001010011 010010011 011010011 
001010100 010010100 011010100 
001010101 010010101 011010101 
001010110 010010110 011010110 
001010111 010010111 011010111 
001011000 010011000 011011000 
001011001 010011001 011011001 
001011010 010011010 011011010 
001011011 010011011 011011011 
001011100 010011100 011011100 
001011101 010011101 011011101 
001011110 010011110 011011110 
001011111 010011111 011011111 
001100000 010100000 011100000 
001100001 010100001 011100001 
001100010 010100010 011100010 
001100011 010100011 011100011 
001100100 010100100 011100100 
001100101 010100101 011100101 
001100110 010100110 011100110 
001100111 010100111 011100111 
001101000 010101000 011101000 
001101001 010101001 011101001 
001101010 010101010 011101010 
001101011 010101011 011101011 
001101100 010101100 011101100 
001101101 010101101 011101101 
001101110 010101110 011101110 
00110',11 010101111 011101111 
001110000 010110000 01.1110000 
001110001 010110001 011110001 
001110010 010110010 011110010 
001110011 010110011 011110011 
001110100 010110100 011110100 
001110101 010110101 011110101 
001110110 010110110 011110110 
001110111 010110111 011110111 
001111000 010111000 011111000 
001111001 010111001 011111001 
001111010 010111010 011111010 
001111011 010111011 011111011 
001111100 010111100 011111100 
001111101 010111101 011111101 
001111110 010111110 011111110 
001111111 010111111 011111111 
101000000 110000000 111000000 
101000001 110000001 111000001 
101000010 110000010 111000010 
101000011 110000011 " 100001 1 
101000100 110000100 111000100 
101000101 110000101 111000101 
101000110 110000110 111000110 
101000111 110000111 111000111 
101001000 110001000 111001000 
10100lDOl 110001001 111001001 
101001010 110001010 111001010 
101001011 110001011 111001011 
101001100 110001100 111001100 
101001101 110001101 111001101 
101001110 110001110 111001110 
101001111 110001111 111001111 
101010000 110010000 111010000 
101010001 110010001 111010001 
101010010 110010010 111010010 
101010011 110010011 11'010011 
101010100 110010100 111010100 
101010·101 110010101 111010101 
101010110 110010110 111010110 
101010111 110010111 111010111 
101011000 11001lDOO 111011000 
101011001 110011001 111011001 

Pulse Data Ready 
Any Key Down (Pin 5) Positive Output 

Internal Resistor to GND on Shift 
and Control Pins 
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CODING FOR KR9600-STD 

Normal 
XV 8-12345678910 
00 1 1000111001 
01 

~ 1000110101 
02 1000010101 
03 , 0101110101 
04 HT 1001000001 
05 H 0001000101 
06 + 1101011001 
07 SO 0111001001 
08 P 0000110101 
09 1 1000111001 
10 2 0100111001 
11 w 1110110101 
12 , 1100110101 
13 , 0001110101 
14 RS 0111100001 
15 % 1010011001 
16 m 1011010101 
17 SI 1111000001 
lB n 0111010101 
19 2 0100111001 
20 3 1100111001 
21 e 1010010101 
22 d 0010010101 
23 , 1100010101 
24 - 1111100100 
25 $ 0010011001 
26 L 0011000101 
27 US 1111100001 
28 6 0110111001 
29 k 1101010101 
30 4 0010111001 
31 r 0100110101 
32 I 0110010101 
33 SP 0000011000 
34 CAN 0001101000 
35 CR 1011000001 
36 vi 1101111101 
37 1101000000 
3B ~ 1110111001 
39 0100011001 
40 5 1010111001 
41 1 0010110101 
42 

~ 1110010101 
43 0110110101 
44 ETX 1100000001 . 
45 I 1011111101 
46 ? 1111111001 
47 - 1011011001 
48 I 1001011001 
49 SP 0000011001 
50 6 0110111001 
51 Y 1001110101 
52 h 0001010101 
53 b 0100010101 
54 0101111001 
55 > 0111111001 
56 

NUL 
1101111001 

57 0000000001 
5B 0101011001 
59 ! 1000011001 
60 7 1110111001 
61 u 1010110101 
62 j 0101010101 
63 n 0111010101 
64 ~ 1011111000 
65 < 0011111001 
66 P 0000110101 
67 0 0000111001 
68 & 0110011001 
69 # 1100011001 
70 8 0001111001 
71 ; 1001010101 
72 k 1101010101 
73 m 1011010101 
74 I 1111011001 
75 1110011001 
76 LF 0101000000 
77 ~ 1011111001 
78 FF 0011001001 
79 ( 0001011001 
80 9 1001111001 
81 0 1111010101 
82 I 0011010101 
83 0011011001 
84 0111011001 
85 

i 
1101111001 

86 1011100101 
87 1011011001 
88 0 0000111001 
89 9 1001111001 

OPTIONS: 
Internal Oscillator (Pins 1, 2, 3) 
Any Key Down (Pin 4) Positive Output 
N-Key Rollover only 
Pulse Data Ready signal 

Shift Control Shift Control 
8-12345578910 8-12345678910 8·12345678910 

< 
0 
A 
Z 

HT 
H 
+ 
> 
@ 

I 
(ii, 
W 
S 
X 

RS 
% 

sl 
# 
E 
D 
C 

-
$ 
L 

US 
& 
( 

S 
R 
F 

SP 
( 

CR 

vi 
% 
T 

e 
ETX 

1 -
S~ 
> 
Y 
H 

~ 
> 
+ 

NUL 

! 
& 
U 
J 
N 
~ 

< 
P 
I 

& 

~ 
I 

K 
M 
? 

LF 
+ 
< 

( 

d 
L 

i 
-
0 
I 

0011111001 1 1000111011 SUB 0101100001 
1000100101 q 1000111111 OLE 0000100001 
1000000101 a 1000011111 (iiJ 0000000101 
0101100101 , 0101111111 P 0000100101 
1001000001 HT 1001000001 I 1001000101 
0001000101 H 0001000101 H 0001000111 
1101011001 + 1101011001 + 1101011011 
0111111001 SO 0111000001 SO 0111000011 
0000000101 NUL 0000000001 NUL 0000000001 
1000011001 SOH 1000000001 SOH 1000000001 
0000000101 2 0100111011 ETB 1110100001 
1110100101 w 1110111111 0011100101 
1100100101 , 1100111111 A 1000000101 
0001100101 , 0001111111 0 1000100101 
0111100001 RS 0111100001 FS 0011100001 
1010011001 % 1010011001 % 1010011011 
1011100101 CR 1011000001 CR 1011000001 
1111000001 SI 1111000001 SI 1111000011 
0111100101 SO 0111000001 SO 0111000001 
0100011001 STX 0100000001 STX 0100000001 
1100011001 3 1100111011 NAK 1010100001 
1010000101 e 1010011111 DC3 1100100001 
0010000101 d 0010011111 B 0100000101 
1100000101 , 1100011111 R 0100100101 
1111100100 - 1111100100 0111100100 
0010011001 $ 0010011001 $ 0010011011 
0011000101 L 0011000101 L 0011000111 
1111100001 US 1111100001 US 1111100011 
0110011001 ACK 0110000001 ACK 0110000001 
1101100101 DEL 1111111101 DEL 1111111101 
0010011001 4 0010111011 DC4 0010100001 
0100100101 r 0100111111 ENO 1010000001 
0110000101 1 0110011111 C 1100000101 
0000011000 SP 0000011000 SP 0000011000 
0001011000 CAN 0001100000 BS 0001000000 
1011000001 CR 1011000001 M 1011000101 
1101111101 ( 1101111111 K 1101000101 
1101000000 VT 1101000000 VT 1101000010 
1110011001 BE~ 1110000001 BEL 1110000001 
0100011001 0100011001 0100011011 
1010011001 5 1010111011 STX 0100000001 
0010100101 1 0010111111 EOT 0010000001 
1110000101 G 1110011111 D 0010000101 
0110100101 , 0110111111 S 1100100101 
1100000001 ETX 1100000001 ETX 1100000001 
1011111101 I tOl1111111 N 0111000101 
1111111001 ? 1111111011 [ 1101100101 
1011111001 - 1011011001 - 1011011011 
1001011001 S~ 1001011001 I 1001011011 
0000011001 0000011001 SP 0000011011 
0111111001 6 0110111011 SOH 1000000001 
1001100101 Y 1001111111 DCl 1000100001 
0001000101 h 0001011111 E 1010000101 
0100000101 b 0100011111 T 0010100101 
0101011001 0101111011 SYN 0110100001 
0111111001 > 0111111011 Z 0101100101 
1101011001 

NUL 
1101111011 Y 1001100101 

0000000001 0000000001 NU~ 0000000001 
0101011001 0101011001 0101011011 
1000011001 ! 1000011001 I 1000011011 
0110011001 7 1110111011 ETX 1100000001 
1010100101 u 1010111111 BEL 1110000001 
0101000101 j 0101011111 F 0110000101 
0111000101 n 0111011111 U 1010100101 
1011111000 ~ 1011111010 ~ 0111111100 
0011111001 < 0011111011 W 1110100101 
0000100101 P 0000111111 J 0101000101 
1001011001 0 0000111011 DC2 0100100001 
0110011001 & 0110011001 & 0110011011 
1100011001 # 1100011001 # 1100011011 
0101011001 8 0001111011 ESC 1101100001 
1001000101 ; 1001011111 ACK 0110000001 
1101000101 k 1101011111 G 1110000101 
1011000101 m 1011011111 ~ 0110100101 
1111111001 I 1111011001 1110011001 
0100011001 1110011001 0100011001 
0101000000 LF 0101000000 GS 1011100000 
1101011001 = 1011111001 + 1101011001 
0011111001 FF 0011000001 FF 0011000011 
0001011001 ( 0001011001 ( 0001011011 
0001011001 9 1001111011 EM 1001100001 
1111000101 0 1111011111 I 1011100101 
0011000101 I 0011011111 X 0001100101 
0011011001 0011011001 0011011011 
0111011001 0111011001 0111011011 
0101111001 

i 
1101111001 

i 
0101111001 

1101100101 1011100101 1101100101 
1111100101 1011011001 - 1111100101 
0000111001 0 0000111001 0 0000111001 
1001011001 HT 1001000001 HT 1001000001 

Internal Resistor to GND on Shift and 
Control Pins 

KR9600-STD outputs provides ASCII 
bits 1-6 on B1-B6, and bit 7 on B8 
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CODING FOR KR9601 AND KR9602 STD 

Normal Shift 
XV 8·12345678910 8-12345678910 
00 00000001 00 0101010100 
01 0000001001 0101011001 
02 0000001101 0101011101 
03 0000010001 0101100001 
04 0000010101 0101100101 
05 0000011001 0101101001 
06 00000111 01 0101101101 
07 0000100001 0101110001 
08 0000100001 0101110001 
09 0000100101 0101110101 
10 0000101001 0101111001 
11 0000101101 0101111101 
12 0000110001 0110000001 
13 0000110001 0110000001 
14 00001101 01 01100001 01 
15 0000111001 0110001001 
16 00001111 01 0110001101 
17 0001000001 0110010001 
18 00010001 01 0110010101 
19 0001001001 0110011001 
20 0001001111 0110011111 
21 0001010011 0110100011 
22 00010101 11 01101001 11 
23 0001011011 0110101011 
24 0001011111 01101011 11 
25 0001100011 0110110011 
26 0001100111 0110110111 
27 0001101011 0110111011 
28 00011011 11 01101111 11 
29 0001110011 0111000011 
30 0001110101 0111000101 
31 0001111001 0111001001 
32 0001111101 0111001101 
33 0001111101 0111001101 
34 0010000001 0111010001 
35 0010000101 0111010101 
36 0010001001 0111011001 
'37 0010001101 0111011101 
38 0010010001 0111100001 
39 0010010101 0111100101 
40 0010011011 0111101011 
41 0010011111 0111101111 
42 0010100011 0111110011 
43 00101001 11 0111110111 
44 0010101011 0111111011 
45 00101011 11 0111111111 
46 0010110011 1000000011 
47 0010110111 10000001 11 
48 0010111011 1000001011 
49 0010111011 1000001011 
50 0010111101 10000011 01 
51 0011000001 1000010001 
52 00110001 01 1000010101 
53 0011000101 1000010101 
54 0011001001 1000011001 
55 0011001101 1000011101 
56 0011010001 1000100001 
57 0011010100 1000100100 
58 0011011001 1000101001 
59 0011011101 1000101101 
60 0011100011 1000110011 
61 00111001 11 1000110111 
62 0011101011 1000111011 
63 00111011 11 1000111111 
64 0011110011 1001000011 
65 0011110111 10010001 11 
66 0011111011 1001001011 
67 0011111111 10010011 11 
68 00111111 11 1001001111 
69 00111111 11 10010011 11 
70 0100000001 1001010001 
71 0100000101 1001010101 
72 0100001001 1001011001 
73 0100001101 1001011101 
74 0100010001 1001100001 
75 0100010101 1001100101 
76 0100011001 1001101001 
77 0100011101 1001101101 
78 0100100001 1001110001 
79 0100100101 1001110101 
80 0100101001 1001111001 
81 0100101101 1001111101 
82 0100110001 1010000001 
83 0100110101 1010000101 
84 0100111001 1010001001 
85 0100111101 1010001101 
86 0101000001 1010010001 
87 0101000101 1010010101 
88 0101001001 1010011001 
89 0101001101 1010011101 

OPTIONS FOR THE KR9601-STD: 
PINS 1, 2, 3 INTERNAL OSCILLATOR [Input clock divisor = 1] 
PIN 4 CE [Active Low] 
PIN 5 AR 1 [ARO fixed at Lo = 0] 

[FIXED LONG DELAY OF 40000 CLOCK TIMES] 
[FIXED SHORT DELAY OF 6250 CLOCK TIMES] 

PIN 6 AKO [positive true] 
Pulsed DATA READY signal 
N-KEY ROLLOVER 
Pull-down resistor to ground at the following pins: 

_SHIFT 
_CONTROL 
_ CAPS-LOCK 
_ARO 
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Control Shift/Control 
8·12345678910 8·12345678910 

1010100100 1010100100 
1010101001 1010101001 
1010101101 1010101101 
1010110001 1010110001 
1010110101 1010110101 
1010111001 1010111001 
1010111101 1010111101 
1011000001 10110000 01 
1011000001 1011000001 
1011000101 1011000101 
1011001001 1011001001 
1011001101 1011001101 
1011010001 1011010001 
1011010001 1011010001 
1011010101 1011010101 
1011011001 1011011001 
1011011101 1011011101 
1011100001 1011100001 
1011100101 1011100101 
1011101001 1011101001 
10111011 11 1011101111 
1011110011 1011110011 
1011110111 1011110111 
1011111011 1011111011 
1011111111 1011111111 
1100000011 11000000 11 
11000001 11 1100000111 
1100001011 1100001011 
11000011 11 ~100001111 
1100010011 1100010011 
1100010101 1100010101 
1100011001 1100011001 
1100011101 1100011101 
1100011101 1100011101 
1100100001 1100100001 
1100100101 1100100101 
1100101001 1100101001 
1100101101 1100101101 
1100110001 1100110001 
1100110101 1100110101 
1100111011 1100111011 
11001111 11 1100111111 
1101000011 1101000011 
1101000111 1101000111 
1101001011 1101001011 
11010011 11 1101001111 
1101010011 1101010011 
11010101 11 1101010111 
11010110 11 1101011011 
1101011011 1101011011 
1101011101 1101011101 
1101100001 1101100001 
1101100101 1101100101 
1101100101 1101100101 
1101101001 1101101001 
1101101101 1101101101 
1101110001 1101110001 
1101110100 1101110100 
1101111001 1101111001 
1101111101 1101111101 
1110000011 1110000011 
11100001 11 11100001 11 
1110001011 1110001011 
1110001111 11100011 11 
1110010011 1110010011 
11100101 11 1110010111 
1110011011 1110011011 
11100111 11 1110011111 
1110011111 11100111 11 
1110011111 11100111 11 
1110100001 1110100001 
1110100101 1110100101 
1110101001 1110101001 
1110101101 1110101101 
1110110001 1110110001 
1110110101 1110110101 
1110111001 1110111001 
1110111101 1110111101 
1111000001 1111000001 
1111000101 1111000101 
1111001001 1111001001 
1111001101 1111001101 
1111010001 1111010001 
1111010101 1111010101 
1111011001 1111011001 
1111011101 1111011101 
1111000001 1111100001 
1111000101 1111100101 
1111101001 1111101001 
1111101101 1111101101 

OPTIONS FOR THE KR9602-STD: 
N-KEY ROLLOVER 

AUTO-REPEAT 
(FIXED LONG DELAY OF 40000 CLOCK TIMES) 
(FIXED SHORT DELAY OF 6250 CLOCK TIMES) 

1 STOP bit. 

No PARITY bit. 

Input clock divisor of 63 

Pull-down resistor to ground at the following pins: 
-SHIFT 
-CONTROL 
-CAPS-LOCK 



[m YO 

[ill Y2 

@lJ Y2 

~ Y2 

@U Y3 

STROBE DELAY vs C2 FOR KR9600/1/2 

,o33,--.,----.----,---,-----,_----, 

,0221---I--+---+:'7'"/9/----1I----l 

,01 1--+-"7''''/'---1--+--+-..., 
V 

,0051-----.'1-_+-_-+_-+_-1_---1 

,003 I 
/ r" =25 0 c 

.002 NOMINAL VOLTAGE :_ 
II DELAY =,3000SEC,/CPF 

,001 ttIL--+--I--l---t--+----t 

DElAY (mSI 

OSCILLATOR FREQUENCY vs 
C1 FOR KR9600/KR9601 

R == lOOK!! 

I--H--I~O~I~:~ 5UPPLY-
VOLTAGE 

\ 
\ 

\ 

20 1--1----11----1 .......... --=~o:::::--l -0~0-~2~0--4~0--6~0-~BO~~,00 
FREQUENCY (KHz) 

KEYBOARD LAYOUT FOR KR9601/9602-STD 

rm YO ~@Y]~[ru~~~~lliJrnJffi]illJ[m YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y7 YB Y9 Y4 Y5 [ill Y6 rru Y6 [ill Y4 

[ill Y1 [ill YO lli]@TI@U@U[ill@I][ill[ill[lli@1]~[; @]] YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 Y9 YB Y7 

[ill 
~ Y5 [ru[ill Y4 Y1 

Y7 

[ill Y1 [ru YO [mffi][illWJlill~[illlliJ[ill~~[N] @1] YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 Y9 YB Y6 ffiJ Y5 lliJ Y2 

[ill Y1 ~~ YO YO ffiJillJillJ@;J Y1 Y2 Y3 Y4 [m Y5 [lli[lli[llilliJ Y6 Y7 Y7 YB lliJlliJ Y9 Y6 [ill~ Y5 Y4 lliJ Y3 [ru Y5 [ill Y4 

[ill [ill I XB ~ [ill [ill Y2 Y6 Y9 YB Y7 
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Circuit diagrams utilizing SMC products are included as a means of Illustrating typical semiconductor applica­
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey tothe purchasero1the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time In order to improve design and supply the best product possible. 
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SR 501S-XXX 
SR 5015-80 
SR 5015-81 
SR 5015-133 

Quad Static Shift Register 

FEATURES 
D COPLAMOS@ N Channel Silicon Gate 

Technology 
D Variable Length-Single Mask 

Programmable-1 to 134 bits 
D Directly TTL-compatible on all inputs, 

outputs, and clock 
D Clear function 
D Operation guaranteed from DC to 1.0 MHz 
D Recirculate logic on-chip 
D Single +5.0V power supply 
D Low clock input capacitance 
D 16 pin ceramic DIP Package 
D Pin for Pin replacement for AMI S2182, 83, 85 

APPLICATIONS 
D Memory Buffering 
D Unique Buffering Lengths 
D Terminals 

REG CONTROL ABC >-~J---l----l 

INPUT A >--l----f 

BLOCK DIAGRAM 

OUTPUT A OUTPUTe 

PIN CONFIGURATION 

INPUT A 1~16 ) OUTPUT A 

RECABC 2 15 ) RID 

CLEAR 3 14 OUTPUTD 

INPUTB 4 13 INPUTD 

OUTPUTB 5 12 RECD 

GND 6 11 NC 

Vee 7 10 INPUTC 

OUTPUTC .8 9 CLOCK 

_t----<:. INPUT C 

1------< RECIRC. INPUT 0 

,-J-_-C REC. CONTROL 0 

INPUT B INPUT 0 

CLOCK CLEAR 
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General Description 

The SMC SR S01S-XXX is a quad static shift register family fabricated using SMC's COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation,low power dissipation,low clock input capacitance, and single +S volt 
power supply operation. 

These shift registers can be driven by either PL circuits or by MOS circuits and provide driving capability to MOS or PL 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR S01S-80, SR S01S-81, and SR S01S-133 are respectively 80,81, and 
133 bit quad shift registers. 

Th.e recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. 

A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single PL clock is 
required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 and 133 are available for flag storage. 

This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 

Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 

MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ................................................................ O°C to + 70°C 
Storage Temperature Range ............................................................... - SsoC to + 1S0°C 
Lead Temperature (soldering, 10 sec.) ............................................................... + 32SoC 
Positive Voltage on any Pin, with respect to ground ...................................................... +8.0V 
Negative Voltage on any Pin, with respectto ground ..................................................... -0.3V 

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

ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C, Vcc= +SV±S%, unless otherwise noted) 

Parameter Min. Typ. Max. Unit Comments 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, VIL 0.8 V 
High Level, VIH Vce-1.S Vee V 

OUTPUT VOLTAGE LEVELS 
Low Level, VOL 0.4 V IOL=1.6ma 
High Level, VOH Vee-1.S 4.0 V IOH=100JLa 

INPUT LEAKAGE CURRENT 1.0 JLa VIN=Vce 
CLOCK, CLEAR 2S pf 
All Other 10 pf 

POWER SUPPLY CURRENT 80 ma 

A.C. Characteristics TA=+2SoC 
CLOCK 

PWH 300 ns 
PWL 600 ns 
Transition, tr, tl 0.02 1.0 JLs 
Repetition Rate, 1fT 0 1.0 MHz 
tDelay 300 ns 

INPUT DATA 
to, set-up 100 ns 
to, hold 200 ns 
PWo 300 ns 

OUTPUT DATA 
to,ACC 200 3S0 ns 

RECIRCULATE CONTROL 
tR, set-up 200 ns 
tR, hold 300 ns 
PWR SOO ns 

CLEAR 
PWeLEAR 20 JLS 
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PinNa. Symbol 

A 

2 RECABC 

3 ClR 

4 B 
5 Oa 
6 GNO 
7 Vcc 
8 Oc 
9 ClK 

10 C 
11 NC 
12 RECO 

13 0 
14 00 
15 RID 

16 OA 

TIMING DIAGRAMS 

Clock 
I ' 

i pw~ I I 

PWo 

10, set-up -r-t:n- tD. hold 

InpulDala -----~~ 
I~~),--' --~ 

Ouipul Dala - ______ -:--:-~. ~. ___ _ 

Recirculate 
Control ----JL-

IR sel·up 1-J:ij- IR hold 

PWR 

PW clear 

Clear~'" 
.1 

Description of Pin Functions 

Name Function 

Input A Input signal which is either high or low depending on what 
word is to be loaded into shift register. 

Recirculate ABC Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 

Clear Input signal when high forces outputs to a low state 
immediately and clears all the registers. 

Input B Input signal for B register. 
Output B Output signal for B register. 
GNO Power supply Ground. 
+5 Volt 5 volt power supply. 
OutputC Output signal for C register. 
Clock Input Input signal which is normally low and pulses high to 

shift data into the registers. The data is clocked in on 
low to high edge of clock. 

Input C Input signal for C register. 
NC 
Recirculate Input signal which is normally low and, when goes high, 
Control 0 disconnects Input 0 to register and connects 

Recirculate Input 0 to register. 
Input 0 Input signal for 0 register. 
Output 0 Output signal for 0 register. 
Recirculate Input signal which is the input to the 0 register 
Input 0 when Recirculate Control 0 is high: RECO=1. 
Output A Output signal for A register. 
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APPLICATIONS 
Line Buffer for CRT Display . .. 80 Characters per line. 

CLK 

'-f SRS015-80 

D 

,....-1 
D, V'''.CIo," 

J 
D, 

t--~ }-

~J~ D, 

PAGE J r-MEMORY 
SMC so Serial Data Output 

[)f 
CG5004L·1 To Monitor Electronics 

D, 

~~ I-
D. 

H r-
D, 

f-I CURr 
L, L2 L4 La 

CURSOR D. 

MEMORY ~ 

C'K 

SASOI5-80 

'--'< 
RECIRCULATE 

DECODER I--~ 

A BCD 

I SCAN I COUNTER 

E,' 'ILt CI,," 

Line Buffer for Matrix Printer . .. 132 Characters per line. 

D, 

D, 

D, 

D, 

INTERFACE 
OR 

MEMORY D. 

D, 

D, 

D. 

elK -1 SR5015-133 

f.-..I 

J 
CHARACTER 

f.-..I GENERATOR t>''''"-' ROM(s} 
. Solenoid Drivers 

f.-..I SMC CG4100 
SERIES 

~~ ~ 

~ 

~ 

f-I End of Lme 

..... t SR5015-133 
elK 

REC ~ From System Timing 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica­
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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SR 5017 
SR5018 

Quad Static Shift Right/Shift Left Shift Register 
Last In First Out Buffer 

LIFO 
FEATURES 
D COMPLAMOS® N-Channel Silicon 

Gate Technology. 
D Quad 81 bit or Quad 133 bit 
D Directly Compatible with PL, MOS 
D Operation Guaranteed from DC to 

1.0MHz 
D Recirculate logic on-chip 
D Single +5.0V power supply 
D Low clock input capacitance 
D Single phase clock at PL levels 
D Clear function 
D 16-pin Ceramic DIP Package 

APPLICATIONS 
D Bi-Directional Printer 
D Computers-Push Down 

Stack-LIFO 
D Buffer data storage-memory buffer 
D Delay lines-delay line processing 
D Digital filtering 

PIN CONFIGURATION 

INPUTD I 1 \...../16 

RID I 2 

OUTPUTD I 3 

CLEAR I 4 

OUTPUT A I 5 

URCON I 6 

INPUT A I 7 

CLOCK [8 

D Telemetry Systems 
D Terminals 

15 

14 

13 

12 

11 

10 

9 

D Peripheral Equipment 

RECD 

GND 

OUTPUTC 

INPUTC 

~ INPUTB 

OUTPUTB 

RECABC 

VCC 

BLOCK DIAGRAM 
OUTPUT A 

REC CONTROL ABC )-....... t-t~ 

INPUT A >-+--l~ 

INPUT B )----( 

OUTPUTe 

r-.---<. INPUT C 

/---<. RECIRC. INPUT D 

'--.t-...... -c REC. CONTROL D 

'---J---<' INPUT D 

URCONTROL >--------....... t--r"l::!~~!.J 

CLOCK CLEAR 
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General Description 

The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC's 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 

These shift registers can be driven by either FL circuits or by MOS circuits and provide driving capability to MOS to FL 
circuits. 

This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (LiR Control) control input is common to all 
registers. 

The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vee. A single FL clock 
input is required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 or 133 are available for flag storage. 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................... O°C to + 70°C 
Storage Temperature Range ............................................................... -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .. , ............................................................ +325°C 
Positive Voltage on any Pin, with respect to ground ..................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3V 

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

ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C, Vee= +5V±5%, unless otherwise noted) 

Parameter 

D.C. Characteristics 
INPUT VOLTAGE LEVELS 

Low Level, VIL 
High Level, VIH 

OUTPUT VOLTAGE LEVELS 
Low Level, VOL 
High Level, VOH 

INPUT LEAKAGE CURRENT 
CLOCK, CLEAR 
All Other 

POWER SUPPLY CURRENT 

A.C. Characteristics 
CLOCK 

PWH 
PWL 
Transition, tr, tf 
Repetition Rate, 1/T 
t Delay 

INPUT DATA 
to, set-up 
to, hold 
PWo 

OUTPUT DATA 
to,ACC 

RECIRCULATE CONTROL 
tA, set-up 
tA, hold 
PWA 

CLEAR 
PWeLEAA 

Min. Typ. 

Vee-1.5 

Vee-1.5 4.0 

300 
600 

0.02 
0 

500 

150 
150 
300 

200 

200 
300 
500 

20 
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Max. Unit Comments 

0.8 V 
Vee V 

0.4 V IOL=1.6ma 
V IOH=100/La 

1.0 /La VIN=Vee 
25 pi 
10 pf 

100 ma 

TA=+25°C 

ns 
ns 

1.0 /Ls 
1.0 MHz 

ns 

ns 
ns 
ns 

350 ns 

ns 
ns 
ns 

/LS 

--- ------, --- ------



'--

Symbol 

D 
RID 

OD 
CLR 

OA 
URCON 

A 

CLK 

Vee 
RECABC 

09 
B 
C 
Oc 
GND 
RECD 

Ti,ning Diagram 

Clock 
I ' 

~I 
pWo 

to, set-up ~ to, hold 

Input Data ------/ 

fO.ACi 
/i------'--~ 

Output Data ---______ ---'. 

Recirculate 
Control ~ 

tR set-up I-J:.j,J- tR hold 

PWR 

R ______ '~~~ 

I. PWclear .1 
Clear~'" 

Name 

Input D 
Recirculate 
InputD 
Output D 
Clear 

Output A 
Shift Left/Shift 
Right Control 
Input A 

Clock Input 

5 Volt 
Recirculate 
ABC 

Output B 
Input B 
Input C 
OutputC 
GND 
Recirculate 
Control D 

Description of Pin Functions 

Pin Function 

Input Signal for D register. 
2 Input signal which is the input to the D register when recirculate 

control D is high: RECD = 1. 
3 Output signal for D register. 
4 Input Signal when high forces outputs to a low state immediately 

and clears all the registers. 
5 Output signal for A register. 
6 Input Signal which is low for loading data and for shifting right. 

When UR CON is high, the register will shift left. 
7 Input signal which is either high or low depending on what word 

is to be loaded into shift register. 
8 Input signal which is normally low and pulses high to shift data 

into the registers. The data is clocked in on low to high 
edge of clock. 

9 5 volt power supply. 
10 Input signal when high disconnects inputs from registers and 

connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 

11 Output signal for B register. 
12 Input signal for B register. 
13 Input signal for C register. 
14 Output signal for C register. 
15 Ground. 
16 Input signal which is normally low and, when goes high, 

disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 
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REC 
ABC'>-~--"-' 

UR 
CON 

Logic Diagram 

APPLICATION 

Line Buffer for Bidirectional Matrix Printer ..• 80/132 characters per line 

D, 

D, 

D3 

D, 

INTERFACE 
OR 

MEMORY 
D, 

D, 

D, 

D, 

STANDARD MICROSVSTEMS 
CORPORATION 

35t.wcusBlv<l.IiaI.(JpatJ\je.NY11788 
15161273·3100 rwX·Sl0·221·8898 

ClK 

'SA 50i71SR,5018 

L 
r-I---f 

.... !--I 

.... !--I 

I--i t-Lf/= 
I--i I 

I--i 

1--1 

.... ..1 SR S017/SR 5018 

ClK 

R~ DATA ENTRY 
AND LOOP CONTROL 

~ LOGIC 

CHARACTER 
GENERATOR 

ROM(s) 
SMC CG4100 

SERIES 

End of line 

_ From System Timing 

h> To Print Head 

Solenoid Drivers 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica­
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Microprocessor Products 
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MPU 800 
MPU 800-1 
MPU 800-4 

PRELIMINARY 

High-Performance 
Low-Power Microprocessor 

FEATURES 

o Variable Power Supply: 2.4V - 6.0V 
o Fully Compatible Wth Z80" Instruction Set 
o Pin-Compatible With NSC800 
o Powerful Set of 158 Instructions 
010 Addressing Modes 
o 22 Internal Registers 
o Low Power: 50 mW at 5 V Vcc 
o Multiplexed Bus Structure 
o On Chip Bus Controller and Clock Generator 
DOn-Chip 8 bit Dynamic RAM Refresh Circuitry 
o Three Speed Versions: 

MPU800-4 4 MHz 
MPU800 2.5 MHz 
MPU800-1 1 MHz 

o Capable of addressing 64 k bytes of memory, and 
256 1/0 devices 

o Five interrupt request lines on-chip 
o Schmitt trigger input on reset 
o Power-Save Feature 

PIN CONFIGURATION 

A8 Vee 
A9 PS 

Al0 WAIT 
All RESET OUT 
A12 BREQ 
A13 BACK 
A14 101M 
A15 RESET IN 
ClK RO 

XOUT WR 
XIN ALE 

ADO SO 
ADl RFSH 
AD2 51 
AD3 INTA 
AD4 INTR 
AD5 ~ 
ADS RSTB 
AD7 RSTA 

GND NMI 

GENERAL DESCRIPTION 

The MPU800 is an 8 bit microprocessor that functions as 
the central processing unit (CPU) in Standard Microsys­
tems MPU800 microcomputer family. The device is fabri­
cated in double-poly CMOS to combine high performance 
with the low-power of CMOS. 

Many system functions are incorporated on the device 

Z80 is a registered trademark of Zilog Corporation. 

691 

including: vectored priority interrupts, refresh control, 
power save, and interrupt acknowledge. 

Dedicated peripherals (MPU81 0 Ram 1/0 Timer, MPU830 
ROM 1/0 Timer, and (MPU831 1/0 Timer) have on-chip 
logic for direct interface to the MPU800. 
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(26) (22) (23) (24) (21) 
INTA RSTA RSTlI RSTC NMI 

I I I I .. 
A'(8) F',(8n 

H' (8) l' (8) 

D' (8) E' (8) 

B '(8) c' (8)( 

(8) (8)1 

(8) l (8)1 

D (8) E (8) I 

B (8) C ..l!!lJ ~ REGISTER 
I ARRAY 

IX (16) 

{ 

(40) l IY (16) _Vee 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO NAME SYMBOL FUNCTION 

40 +5 Volt Vcc + 5 volt supply 
20 Ground GND Ground 
10 Crystal Out XOUT Crystal connection 
11 Crystal In XIN Crystal connection; XIN may be used as an external clock input 

Input/Output Signals 

12-19 AddresslData ADO-AD7 MuJ!lplexed AddresslData. Active high 
At RDTime: Input data to CPU. 
AtWRTime: Output data from CPU. 
At Falling Edge 
of ALE Time: Least significant byte of address during memory 

reference cycle. 8-bit port address during 1/0 
During BREQI reference cycle. 
BACK Cycle: High impedance. 

Input Signals 

33 Reset In RESET IN Active low. Sets A (8-15) and AD (0-7) to TRI-STATE® (high impedance). 
Clears the contents of PC, I and R registers, disables interrupts, and 
causes a reset output to be activated. 

36 Bus Request BREQ Active low. Used when another device is requesting the system bus. 
BREQ is recognged at the end of the current machine cycle, then A(8-
15), AD(0-7), 101M, RD, and WR are set to the high impedance mode and 
the request is acknowledged via the BACK output signal. 

21 Non-Maskable NMI Active low. The non-maskable interrupt, generated by the peripheral 
Interrupt device(s), is the highest priority interrupt request line. The interrupt is 

edge sensitive and only a pulse is required to set an internal flip-flop 
which generates the internal interrupt request. Since the NMI flip-flop is 
monitored on the same clock edge as the other interrupts, it must also 
meet the minimum set-up time spec for the interrupt to be accepted in 
the current machine instruction. Once the interrupt is accepted the flip-
flop is reset automatically, Its execution is independent of the interrupt 
enable flip-flop. NMI execution involves saving the PC on the stack and 
automatic branching to restart address X'0066 in memory. 

22-4 Restart Interrupt RSTA, RSTB, Active low level sensitive. Restarts generated by the peripherals are rec-
A,B,C RSTC ognized at the end of the current instruction if their respective interr:.t!.E! 

enable bits and master enable bit are set. Execution is identical to NMI 
except interrupts are enabled for the following restart addresses: 

Name Restart 
Address (X') 

NMI 0066 
RSTA 003C 
RSTB 0034 
RSTC 002C 
INTR(Mode 1) 0038 

The order of priorJ!Y.i.s fixed (highest first) as follow~ 
1) NMI 2) RSTA 3) RSTB 4) RSTC 5)INTR 

25 Interrupt Request INTR Active low level sensitive. An interrupt request input generated by a 
peripheral device is recognized at the end of the current instruction pro-
vided that the interrupt enable and master interrupt enable bits are set. 
INTR is the lowest priority interrupt request input. Under program con-
trol, INTR can be executed in three distinct modes in conjunction with 
the INTA output. 

38 Wait WAIT Active low. When set low during RD, WR or INTA machine cycles, the 
CPU extends its machine cycle in increments of t (wait) states. The wait 
machine cycle continues until the WAIT input returns high. 
The wait strobe ~t will be accepted only during machine cycles that 
have RD, WR or INTA strobes and during the machine cycle immediately 
after an interrupt has been accepted by the CPU. The later cycle has its 
RD strobe suppressed but it will still accept the wait. 

39 Power Save PS Active low. PS is sampled at the end of the current instruction cycle. 
When PS is low, the CPU stops executing at the end of current instruc-
tion and keeps itself in the low-power mode. Normal operation resumes 
when PS is returned high. 

TRI·STATE' is a registered trademark of National Semiconductor Corporation. 
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PIN NO NAME SYMBOL FUNCTION 

Output Signals 

35 Bus Acknowledge BACK Active low. BACK indicates to the bus requesting device that the CPU 
bus and its control signals are in the TRI-STATE mode. The requesting 
device may then take control of the bus and its control signals. 

1-8 Address Bits 8-15 A8-A15 Active high. These are the most significant 8 bits of the memory address 
during a memory instruction. During an I/O instruction, the port address 
on the lower 8 bits of address get duplicated onto these 8 bits. During a 
BREO/BACK cycle, the A (8-15) bus is in the TRI-STATE mode. 

37 Reset Out RESET OUT Active high. When RESET OUT is high, it indicates the CPU is being 
reset. The signal is normally used to reset the peripheral devices. 

34 Input/Output/Memory 10/M An active high on the 10/M output signifies that the current machine 
cycle is relative to an input/output device. An active low on the 10iM' out-
put signifies that the current machine cycle is relative to memory. It is 
TRI-STATE during BREO/BACK cycles. 

28 Refresh RFSH Active low. The refresh output indicates that the dynamic RAM refresh 
cycle is in progress. RFSH goes low during T3 and T4 states of all Ml 
cycles. During the refresh cycle, AD(0-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 

30 Address latch Enable ALE ALE is active only during the Tl state of any M cycle and also T3 state of 
Ml cycles. The high to low transit jon of ALE indicates that a valid 
memoryll-O/refresh address is available on the AD(0-7) lines. 

32 Read Strobe RD Active low. On the trailing ~e of the RD strobe, data is input to the CPU 
via the AD(0-7) lines. The RD line is in the TRI-STATE mode during 
BREO/BACK cycles. 

31 Write Strobe WR While the WR line is low, valid data is output by the CPU on the AD(0-7) 
lines. The WR line is in the TRI-STATE mode during BREO/BACK cycles. 

9 Clock ClK ClK is an output provided for use as a system clock. The ClK output is a 
square wave at one half the input frequency. 

26 Interrupt Acknowledge INTA Active low. The interrupt acknowledge output is activated in the Ml cycle 
(S) immediately following the t state in which the INTR input is recog-
nized. [Output is normally used to gate the interrupt response vector 
from the peripheral controller onto the AD(0-7) lines.] It is used in two of 
the three interrupt modes. In mode 0, an instruction is gated ontotheAD 
(0-7) line during INTA. There will be from 1 to 4 INTA strobes issued for 
each mode 0 interrupt. The amount of INTA strobes issued is instruction 
dependent. In mode 2, a~le interrupt response vecto~ated onto 
the data bus. In mode 1, INTA is not used. In this mode, INTR functions 
like the restart interrupts. 

29,27 Status SO,Sl Bus status outputs indicate encoded information regarding the ensuing 
M cycle as follows: 

Machine Cycle 
Status Control 

SO 51 10/M RD WR 
Opcode Fetch 1 1 0 0 1 
Memory Read 0 1 0 0 1 
Memory Write 1 0 0 1 0 
I/O Read 0 1 1 0 1 
I/O Write 1 0 1 1 0 
Halt' 0 0 0 0 1 
Internal Operation' 0 1 0 1 1 
Acknowledge of Int" 1 1 0 1 1 

'ALE is not suppressed in this cycle. 
"This is the cycle that occurs immediately after the CPU accepts an interrupt 

(RSTA, RSTB, RSTC, INTR, NMI). 
Note 1: During halt, CPU continues to do dummy opcode fetch from location fol-
lowing the halt instruction with a halt status. This is so CPU can continue to do its 
dynamic RAM refresh. 
Note 2: No early status is provided for interrupt or hardware restarts. 
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TIMING CONTROL 
All necessary timing signals are provided by a single state 
inverter oscillator contained on the MPU800 chip. The 
chip operation frequency is equal to one half of the fre­
quency of this oscillator. The oscillator frequency can be 
controlled by one of the following methods: 

1. leaving the XOUT pin unterminated and driving the 
XIN pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30%-70%, either high or low. 

2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Rec­
ommended crystal is a parallel resonance AT cut crys­
tal. 

Resistor capacitor feedback network described in earlier 
data sheets will not oscillate due to gain of internal inverter 
circuit. A modification of this circuit by adding two invert­
ers in series between the RC network and XIN will work. 

The CPU has a minimum clock frequency input (@ XIN) of 
32 kHz, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the Pl'lrt. You stop it in the phase of the clock 
that has XIN low and ClK OUT high. When restarting the 
CPU, precautions must be taken so that the input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 

hN 
EXTERNAL 

CLOCK 

a. 

drain will be 2mA. This current drain can be reduced by 
placing the CPU in a wait state during an opcode fetc\) 
cycle then stopping the clock. 

FUNCTIONAL DESCRIPTION 

The MPU800 is an 8-bit general purpose microprocessor 
designed for stand-alone and DMA (direct memory 
access) applications. A minimum system can be con­
structed with an MPU800, and MPU81 0 (RAM I/O Timer) 
and an 27C16 (EPROM). 

MPU800 uses a multiplexed bus for data and addresses. 
The 16-bit address bus is divided into a high-order 8-bit 
address bus that handles bits 8-15 of the address, and a 
low-order 8-bit mulitplexed address/data bus that handles 
bits 0-7 of the address and bits 0-7 of the data. Strobe out­
puts from the MPU800 (ALE, Fm and WR) indicate when a 
valid address or data is present on the bus. 10/M indicates 
whether the ensuing cycle accesses memory or I/O. 

During an input or output instruction, the CPU duplicates 
the lower half of the address [AD(0-7)] ento the upper half 
[A(8-15)]. The eight bits of address will stay on A(8-15) for 
the entire machine cycle. 

Figure 2 illustrates the timing relationship for opcode fetch 
cycles with and without a wait state. Figure 3 illustrates the 
timing relationship for memory read and write cycles with 
and without a wait state. Input/output cycles with and with­
out wait state are shown in Figure 4. One wait state is auto­
matically inserted into each I/O instruction. 

CLK 

CLK 

'!XINJ 
2 

TUGI51711J 

'\XTAlJ 
2 

XIN XOUT 

b. 

R=1M 

C1 =20 pF 

C2=34 pF 
(Recommended) 

FIGURE 1. Timing Control Configurations 
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FIGURE 2a. Opcode Fetch Cycles without WAIT States 

FIGURE 2b. Opcode Fetch Cycles with WAIT States 
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-·11--t2--13-

ClK 

AD(O-71 

AO(O-71 

A18-151 
101M. SO, Sl 

FIGURE 3a. Memory Read/Write Cycles without WAIT States 

-tl--t2--tw--t3-

ClK 

ALE 

A18-151 

AD(0-71 

AO(O-71 

101M, SO, Sl 

FIGURE 3b. Memory Read and Write with WAIT States 
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FIGURE 4a. Input and Output Cycles without WAIT States 

-t1--t2--tw*--tw--t3-

eLK 

ALE 

AIB·15) 

AOI0-7) 

AO(0-7) OUT 010-71 

101M, SO, S1 
o jjjj 1 jjjj 

10/M=1, sO=1WR,S1=oWR 

*WAIT state automatically inserted during 10 operation. 

FIGURE 4b. Input and Output Cycles with WAIT States 
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INITIALIZATION 

The MPU800 and its peripheral com[1onents are initial­
ized by RESET IN and RESET OUT. RESET IN input is 
associated with an on-chip Schmitt trigger that facilitates 
using an R-C network power-on reset scheme (Figure 5). 

To ensure proper power-up conditions for the NSC800, the 
following power-up and initialization procedure is recom­
mended: 

1. Apply power (Vee and GND) and set RESET IN active 
(low). Allow sufficient time (approximately 100 ms if 
crystal used) for the oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t 
state (ClK) times. RESET OUT, following the clock sta­
bilization period, responds by going high, indicating to 
the system that the MPU800 is being reset. RESET 
OUT signal becomes available to reset the periph­
erals. 

2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch cycle. 

NOTE: The MPU800 initialization includes: Clear PC to X'OOOO 
(the first opcode fetch, therefore, is from memory location 
X'OOOO). Clear registers I (Interrupt Vector Base) andR (Refresh 
Counter) to X'OO. Clear interrupt control register bits lEA, IEB 
and IEC. The interrupt control bit lEI is set to 1 to maintain 
INS8080A/Z80A compatibility (see INTERRUPTS for more 
details). Maskable interrupts are disabled and the CPU enters 
Interrupt Mode O. While RESET IN is active (low), the A(8-15) and 
AD(O-7) lines go to high impedance (TRI-STATE) and all CPU 
strobes go to the inactive state. 

BUS ACCESS CONTROL 

Figure 6 illustrates bus access control in the MPU800. The 
external device controller produces an active BREQ sig­
nal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go to high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) the MPU800 will not acknowledge any interrupt/restart 
requests, and will not perform any dynamic RAM refresh 
functions until after BREQ input signal is inactive high. (3) 
BREQ signal has priority over all interrupt request Signals, 
should BREQ and interrupt request become active simUl­
taneously. 

10k 

C 

Vee 

Vee 

MPUBOO 

RESET OUT 
INDICATES WHEN CPU 
IS BEING RESET 

10"F '-__ .;.GNr:D;...._ ...... 

FIGURE 5. Power-On Reset 

ANY M CYClE-I------BUS AVAilABLE STATES-----.I 

-lASTtSTATE--tz--tz--tZ--t1-

ClK 

AD(0-71--+-----+-----+_"'\ 
AIB-151 
~.m_-+ _____ +-----+_J 

ALE 

SO. Sl 

• SO, 81 during BREQ will indicate same machine cycle as during cycle when BREa was accepted. 
tZ;;;: time states bus and control signals are in high imped,ance mode. 

FIGURE 6. Bus Acknowledge Cycle 
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REGISTER CONFIGURATION 
The MPU800 contains 22 programmable registers as 
shown in Figure 7. The CPU working registers are 
arranged in two 8-register configurations, each of which 
includes an 8-bit accumulator, a flag register, and six gen­
eral purpose 8-bit registers. Only one 8-bit register set 
may be active at any given moment. However, simple 
instructions exist that allow the programmer to exchange 
the active and alternate register sets. 

It should also be noted that the six 8-bit general purpose 
registers (B, C, D, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these 
become apparent in the inst~uction set description. 

CPU Main Working Register Set 
Accumulator (8) Flags F (8) 
Register B (8) Register C (8) 
Register D (8) Register E (8) 
Register H (8) Register L (8) 

CPU Alternate Working Register Set 
Accumulator A' (8) Flags F' (8) 
Register B' (8) Register C' (8) 
Register D' (8) Register E' (8) 
Register H' (8) Register L' (8) 

CPU Dedicated Registers 
Index Register IX (16) 
Index Register IY (16) 
Interrupt Vector 
Register I (8) 
Memory Refresh 
Register R (8) 
Stack Pointer SP (16) 
Program 
Counter PC (16) 

FIGURE 7. Register Configuration 

DEDICATED REGISTERS: 
Program Counter (PC): The program counter contains 
the 16-bit address of the current instruction being fetched 
tom memory. The PC;is incremented after its contents 
have been transferred to the address lines. When a pro­
gram jump occurs, the new address is placed in the PC, 
overriding the incrementer. 

Stack Pointer (SP): The stack pointer contains the 16-bit 
address of the current top of a stack located in external 
system RAM memory. The external stack memory is orga­
nized as a last-in, first-out (LIFO) file. The stack allows sim­
ple implementation of multiple level interrupts, virtually 
unlimited subroutine nesting and simplification of many 
types of data manipulation. 

Index Registers (IX and IV): The two 16-bit index regis­
ters hold a 16-bit base address used in indexed address­
ing modes. In this mode, an index register is used as a 
base to pOint to a region in memory from which data is to 
be stored or retrieved. An additional byte is included in 
indexed instructions to specify a displacement from this 
base. This displacement is specified as a two's comple­
ment signed integer. 
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Interrupt Page Address Register (I): The MPU800 CPU 
can indirectly call any memory location in response to a 
mode 2 interrupt. The I register is used to store the high­
order 8 bits of the address. The low-order 8 bits are sup­
plied by the interrupting peripheral. This feature allows 
interrupt routines to be dynamically located anywhere in 
memory with minimal access time to the routine. 

Memory Refresh Register (R): The MPU800 CPU con­
tains a memory refresh counter to enable dynamic memo­
ries to be used with the same ease as static memories. 
This 8-bit register is automatically incremented after each 
instruction fetch. The data in the refresh counter is sent 
out on the lower portion of the address bus along with a 
refresh control signal while the CPU is decoding and exe­
cuting the fetched instruction. This mode of refresh is 
totally transparent to the programmer and does not slow 
down CPU operation. The programmer can load the R reg­
ister for testing purposes, but this register is normally not 
used by the programmer. 

ACCUMULATORS AND FLAG REGISTERS 

The CPU includes two 8-bit accumulators and two associ­
ated 8-bit flag registers. The accumulator holds the results 
of 8-bit arithmetic or logical operation. The flag register 
indicates specific conditions for 8-bit or 16-bit operations. 

FLAG REGISTERS (F, F') 
Thetwo MPU800 flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and parity/ 
overflow flags) can be tested by the programmer. The 
descriptions of the flags follow. 

Carry Flag (C): This flag is set by the carry from the high­
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 

Zero Flag (Z): This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 

Sign Flag (S): This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 

Parity/Overflow Flag (P/v): During logical operations 
this flag is set when the parity of the result is even and 
reset when it is odd. It represents overflow when signed 
two's complement arithmetic operations are performed. 
An overflow occurs when the resultant of a two's comple­
ment operation (in the accumulator) is out of range. 

The two non-testable flag register bits used for BCD 
arithmetic are: 

Half Carry (H): The flag indicates a BCD carry or borrow 
result from the least significant four bits of an operation; 
when using the DAA (Decimal Adjust Accumulator 
Instruction), it is used to correct the result of a previously 
packed decimal add or subtract. 

Add/Subtract Flag (N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, this 
flag specifies what type of instruction was executed last in 
order that the DAA operation will be correct for either oper­
ation. 



CARRY 

ADD/SUBTRACT 
'-----PARITY OVERflOW 

L-_______ HALF CARRY 

'------------ZERD 

'-------------- SIGN 

FIGURE 8. Flag Register 

INTERRUPTS 
The MPU800 has five interrupt/restart inputs, four are 
maskable (RSTA, RSTB, RSTC, and INTR) and one is non­
maskable (NMI). NMI, having the highest priority of all 
interrupts, is always serviced and cannot be disabled by 
the user. After recognizing an active input on NMI, the 
CPU stops before the next instruction, pushes the PC onto 
the stack, and jumps to address X'0066, where the user's 
interrupt service routine is located (i.e., restart to memory 
location X'0066). NMI is intended for interrupts requiring 
immediate attention, such as power-down, control panel, 
etc. RSTA, RSTB and RSTC are restart inputs, which, if 
enabled, execute a restart to memory location X'003C, 
X'0034, and X'002C, res~ti~ly: "'!Pte that the CPU 
response to the NMI and RST (A, B, C) request input is 

basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 

Figure 9 illustrates NMI and RST interrupt machine cycles. 
M1 cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow­
ing instruction will then start from the interrupts restart 
location. 

The MPU800 also provides one more general purpose 
interrupt request input, INTR. When enabled, the CPU 
responds to INTR in one of the three modes defined by 
instruction IMO, IM1, and 1M2 for modes 0, 1 and 2, respec­
tively. Following reset, the CPU automatically sets itself in 
mode). 

Interrupt (INTR) Mode 0; Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an 
INTA (interrupt acknowledge) strobe, which can be used to 
gate an instruction from a peripheral onto the data bus. 
Two wait states are automatically inserted by the CPU dur­
ing the first INTA cycle to allow the interrupting device (or 
its controller) ample time to gate the instruction and deter­
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular 
instruction would be a one-byte call (restart instruction) or 
a three-byte call (CALL NN instruction). If it is a three-byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 

Interrupt (INTR) Mode 1: Similar to the restart interrupts 
except the restart location is X'0038 (Figure 9). 

lAST M CYCLE OF INSTRUCTlDN-I~'----------

ClK 

NMI DR 
RSTA. B. C 

ALE 

AD10·11 

A18-151 

IO/M. so. Sl IO/M=O. SO=l. Sl=l 

* This is the only machine cycle that does not have an RD, WR, or INTA strobe but will accept a wait strobe. 

FIGURE 9. Non-Maskable and Restart Interrupt Machine Guide 
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lAST M CYCLE OF INSTRUCTlON~I' M1----------------------

i~lASTtSTATE-I-I1-I-t2-I-tw*-I~tw*-I-t3~I-t4-

ClK 

INT 

ALE 

AO(0-7) 

A(B-15) 

INTA 

RFSH 

WAIT 

101M, SO, Sl 10/M=0, SO=l, Sl=l 

lfij 

* tw is the CPU generated WAIT state in response to an interrupt request. 

FIGURE 10. Interrupt Acknowledge Machine Cycle 



Interrupt (INTR) Mode 2: With this mode, the program­
mer maintains a table that contains the 16-bit starting 
address of every interrupt service routine. This table may 
be located anywhere in memory. When the mode 2 inter­
rupt is accepted (Figure 11), a 16-bit pointer must be 
formed to obtain the desired interrupt service routine start­
ing address from the table. The upper 8 bits of this pointer 
are from the contents of the I register, which has been pre­
viously loaded with the desired value by the programmer. 
The lower 8 bits of the pOinter are supplied by the interrupt­
ing device with the low-order bit forced to zero. The pointer 
is used to get two adjacent bytes from the interrupt service 
routine starting address table to complete the 16-bit serv­
ice routine starting address. The first byte of each entry in 
the table is the least significant (low-order) portion of the 
address. The programmer must obviously fill this table 
with the desired addresses before any interrupts are to be 
accepted. 

Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pOinter, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 

The interrupts have fixed priorities built into the MPU800 
as: 

(Highest Priority) 

(lowest Priority) 

ENABLING INTERRUPTS 
NMI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 

The maskable interrupt inputs (RSTA, RSTB, 11STC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable inter­
rupt instruction. 

The appropriate interrupt control bits in 4-bit control regis­
ter (lEA, IEB, IEC, and lEI) must be enabled in conjunction 
with IFF1 and IFF2, before the maskable TNTR and RSiA, 
S, C can be accepted by the CPU. 

SUPPLIED BY I REGISTER 

15 8 7 

lEA IEB lEe lEI 

The interrupt control register is an on-chip write only out­
put port located at port address X'BB. It can only be written 
to by either the OUT (C), r or OUT (N), A instructions (for 
example OUTI instruction will not affect Interrupt Control 
Register). Its contents are: 

Bit 
o 
1 
2 
3 

Name 
lEI 
IEC 
IEB 
lEA 

Function 
Int~~rupt ~nabl~ for 

For example: In order to enable RSTB, CPU interrupts 
must be enabled and IEB must be set. 

At reset, lEI bit is set and other mask bits, lEA, IEB, IEC are 
cleared. This maintains the software compatibility 
between MPU800 and INS8080A (or Z80A). 

Execution of an 10 block move instruction will not affect 
the state of the interrupt control bits. The only two instruc­
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 

POWER-SAVE FEATURE 
The MPU800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of an instruction. After recognizing an 
active (low) level on Ps, the MPU800 stops its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The MPU800 keeps its oscillator 
running, and makes the ClK signal available to the sys­
tem. When in power-save the ALE strobe will be stopped 
high and the ad9ress lines [AO(O-7), A(8-15)] will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or M1 cycle) of the CPU begins in a normal 
manner. Note this M1 cycle could also be an interrupt 
acknowledge cycle if the MPU800 was interrupted simul­
taneously with PS. Figure 12 illustrates the power-save 
feature. 

In the event Ern"EO is asserted (low) at the end of an 
instruction cycle and PS is active simultaneously, the fol­
lowing occurs: 

1. The MPU800 will go into BACK cycle 
2. Upon completion of BACK cycle if PS is'still active the 

CPU will go into power-save mode. 

FIGURE 11. Interrupt Mode 2 
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lAST M CYCLE OF INSTRUCTION-I--------------

ClK 

AOIO-71----+-----+-,. --,--+-----+----+-+-----+-----+---
AIB-151 

SO, S1, 10/M ____ -!-____ _!_' 
IOPA-

ALE 

FIGURE 12. MPU800 Power-Save 

INSTRUCTION SET 

In the following instruction set listing, the notation used is 
shown below, 
b: Used in instructions employing bit mode address­

ing to designate one bit in a register or memory 
location. 

cc: Designates condition codes used in conditional 

d: 

Jumps, Calls, and Return instructions; may be 
NZ = Non Zero (Z Flag = 0) 

Z=Zero(ZFlag =1) 
NC = Non Carry (C Flag = 0) 

C = Carry (C Flag = 1) 

PO = Parity Odd or No Overflow (PIV = 0) 
PE = Parity Even or Overflow (PIV = 1) 

P = Positive (S = 0) 
M = Negative (S = 1) 

Used in instructions employing relative or indexed 
modes of addressing to designate 8-bit signed 2's 
complement displacement. 

kk: Subset of cc condition codes used in conjunction 
with conditional relative jumps; may be NZ, Z, NC 
or C. 

ml: Used in instructions employing register indirect or 
indexed modes of addressing; may be (HL), 
(IX + d) or (IY + d). 

m2: Used in instructions employing register indirect or 
direct modes of addressing; may be (BC), (DE), or 
(nn). 

n: Any 8-bit binary number. 

nn: Any 16-bit binary number. 

pp: 

qq: 

r: 

rr: 

Used in 16-bit arithmetic instructions employing 
register modes of addressing; may be BC, DE, SP, 
or register designated as destination operand. 

Used in instructions employing register modes of 
addressing; may be BC, DE, HL, AF, IX, or IV. 

Used in instructions employing register mode of 
addressing; may be A, B, C, D, E, H, or L. 

Used in instructions employing register mode of 
addressing; may be BC, DE, HL, SP, IX, or IV. 
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ss: Used in instructions employing register mode of 
addressing; may be HL, IX, or IV. 

T: Used to restart instructions employing modified 
page zero addressing mode; may take on hex val­
uesofO,8, 10, 18,20,28,30,or38. 

XL: Subscript L indicates the high order byte of a 16-bit 
register. 

XH: Subscript H indicates the high-order byte of a 16-
bit register. 

( ): Parentheses indicate the contents are considered 
a pointer to a memory or I/O location. 

8-BIT LOADS 

REGISTER TO REGISTER 

Mnemonic 
LD rd , rs 
LDA,I 
LD I, A 
LD A, r 

LD r, A 

LD r, n 

Description 
Load register r d with r s 

Load ACC with register I 
Load register I with ACC 
Load ACC with register 
R 
Load register R with 
ACC 
Load register r with 
immediate data n 

REGISTER TO MEMORY 

Mnemonic 
LD ml, r 

LD,m2,A 
LD ml, n 

Description 
Load memory from 
register r 
Load memory from ACC 
Load memory with 
immediate data n 

MEMORY TO REGISTER 

Operation 
r d+-r 5 

A+-I 
I+-A 
A+-r 

r+-A 

Operation 
ml+-r 

m2+-A 
ml+-n 

Mnemonic Description Operation 
LD r, m 1 Load register r from r+-m 1 

memory 
LD A, m2 Load ACC from memory A+-m2 



16-BIT LOADS NEG Negate ACC (2's A+-O-A 
complement) 

REGISTER TO REGISTER CCF Complement carry flag CY+-CY 
SCF Set carry flag CY+-1 

Mnemonic Description Operation 

LD rr, nn Load register rr with rr+-nn IMMEDIATE ADDRESSING MODE ARITHMETIC 
immediate data nn 

Mnemonic Description Operation LD Sp, ss Load SP register SP+-ss 
with register ss 

ADD A, n Add number n to ACC A+-A+n 
ADCA, n Add with carry number n A+-A+n+CY 

REGISTER TO MEMORY toACC 
SUB n Subtract number n A+-A-n 

Mnemonic Description Operation fromACC 
SBC A, n Subtract with carry A+-A-n-CY 

LD (nn), rr Load memory location (nn)+-rrL number n from ACC 
nn with 16 bit register rr (nn + 1 )+-rr H ANDn AND number n with ACC A+-Al\n 

PUSH qq Push contents of (SP-1 )+-qqH ORn OR number n with ACC A+-A v n 
16-bit register qq onto (SP-2)+-qqL XORn Exclusive OR number n A+-A-v-n1 
memory stack SP+-SP-2 with ACC 

CP n1 Compare number n to A: n1 
ACC Z flag+-1 

MEMORY TO REGISTER if A=n 
else 

Mnemonic Description Operation Z Flag+-O 

LD rr, (nn) Load 16-bit register rr rr L +-(nn) MEMORY ADDRESSED ARITHMETIC 
from memory location nn rr H+-(nn + 1) 

POPqq Pop contents of stack qqL+-(SP) Mnemonic Description Operation 
to register qq qqH+-(SP + 1) 

SP+-SP+2 ADD A, m1 Add memory to ACC A+-A+m1 
ADC A, m1 Add with carry memory A+-A+m1 +CY 

toACC 
8-BIT ARITHMETIC SUB m1 Subtract memory from A+-A-m1 

REGISTER ADDRESSED ARITHMETIC SBC A, m1 
ACC 
Subtract with carry A+-A-m1-CY 

Mnemonic Description Operation 
memory from ACC 

ANDm1 AND memory with ACC A+-Al\m1 
ORm1 OR memory with ACC A+-Avm1 

ADD A, r Add contents of register A+-A+r XORm1 Exclusive OR memory A+-A¥m1 
rto ACC with ACC 

ADC, A, r Add with carry contents A+-A+r+CY CP m1 Compare memory with A:m1 
of register r to ACC ACC Z flag+-1 

SUBr Subtract A+-A-r-r if A=r 
contents of register r else 
from ACC Z Flag+-O 

SBC A, r Subtract contents of A+-A-r-CY INCm1 Increment memory m1+-m1 + 1 
contents of register r DECm1 Decrement memory m1+-m1-1 
fromACC 

ANDr Logically AND contents A+-A 1\ r 
of register r with ACC 

ORr Logically AND contents A+-A v r 16-BIT ARITHMETIC 
of register r with ACC 

XORr Exclusive OR contents A+-A¥r REGISTER ADDRESSED ARITHMETIC 
of register r with ACC 

CP r Compare contents of A:r Mnemonic Description Operation 
register r to ACC Z flag+-1 

if A=r ADD ss, pp Add 16-bit register pp ss+-ss+pp 
else to 16-bit register ss 
Z FlagfiO ADC HL, pp Add with cary 16-bit HL+-HL 

INC r Increment contents of r+-r + 1 register pp to HL +pp+CY 
register r SBC HL, pp Subtract with carry HL+-HL 

DECr Decrement contents of r+-r-1 16-bit register pp -pp-CY 
register r from HL 

DAA Decimal adjust ACC (ACC adjust INC rr Increment 16-bit rr+-rr + 1 
for BCD) register rr 

CPL Complement ACC A+-A DEC rr Decrement 16-bit rr+-rr-1 
(1 's complement) register rr 
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BIT SET, RESET, AND TEST 

REGISTER 

Mnemonic 

SET b, r 
RES b, r 
BIT b, r 

MEMORY 

Description 

Set bit in register r 
Reset bit in register r 
Test bit in register r 

Mnemonic Description 

Set b, m1 Set bit in memory 
location m1 

RES b, m1 Reset bit b in memory 
location m1 

BIT b, m1 Test bit b in memory 
location m1 

EXCHANGES 

REGISTER/REGISTER 

Mnemonic Description 

EX DE, HL Exchange contents of 
DE and HL register 

EX AF, AF1 Exchange contents of A 
and F registers with A 1 
and F1 registers 

EXX Exchange contents of 
BC, DE and HL registers 
with corresponding 
alternate registers 

REGISTER/MEMORY 

Mnemonic Description 

EX (SP), ss Exchange top of stack 
with 16-bit register ss 

Operation 

Operation 

m1b+-1 

m1b+-0 

Z+-m1b 

Operation 

DE ..... HL 

AF ..... AF' 

BC ..... BC' 
o E ..... DE , 
HL ..... HL' 

Operation 

(SP) ..... SSL 

(SP + 1 ) ..... SSH 

MEMORY BLOCK MOVES AND SEARCHES 

Block move and search instructions (such as LDIR and 
INIR) Insert a dummy instruction fetch after each cycle to 
keep refresh going. 

SINGLE OPERATIONS 

Mnemonic Description 

LDI Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, and 
decrement byte counter 
BC. 

Operation 

(DE)+-(HL) 
DE+-DE + 1 
HL+-HL+ 1 
BC+-BC-1 
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LDD Move data from memory 
location (HL) to memory 
location (HL) to memory 
location (DE), and decre­
mEint memory pointer 
and byte counter BC. 

CPI Compare data in mem­
ory location (HL) to ACC, 
increment memory 
pOinter and decrement 
byte counter BC. 

CPO Compare data in mem­
ory location (HL) to ACC 
and decrement memory 
pointer and byte counter 
BC. 

REPEAT OPERATIONS 

Mnemonic 

LDIR 

LDDR 

CPIR 

CPDR 

Description 

Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, decre­
ment byte counter BC, 
until BC=O 
Move data. from memory 
location (HL) to memory 
location (DE), decrement 
memory pointers and 
byte counter BC, repeat 
until BC=O 
Compare data in memory 
location (HL) to ACC, 
increment memory 
pointer, decrement byte 
counter BC, repeat until 
BC = 0 or (HL) =A 
Compare data in memory 
location (HL) to ACC, 
decrement memory 
pointer and byte counter 
BC, repeat until BC = 0 or 
(HL)=A 

INPUT/OUTPUT 

(DE)+-(HL) 
(DE)+-(HL) 
DE+-DE...,1 
HL+-HL-1 
BC+-HL-1 

A-(HL) 
HL+-HL+ 1 
BC+-BC-1 

A-(HL) 
HL"":'HL-'1 
BC+-BC-1 

Operation 

(DE)+-(HL) 
DE+-DE+ 1 
HL+-HL+ 1 
BC+-BC-1 
Repeat until 
BC=O 
(DE)+-(HL) 
DE+-DE-1 
HL+-HL-1 
BC+-BC-1 
Repeat until 
BC=O 
A-(HL) 
HL+-HL+ 1 
BC+-BC-1. 
Repeat until 
BC=O or 
(HL)=A 
A-(HL) 
HL+-HL-1 
BC+-BC-1 
Repeat until 
BC =0 or 
(HL) = A 

Due to the multiplexed bus structure, the MPUaOO han­
dles the address bus differently than the zao during input 
and output instructions. The MPuaoo duplicates the port 
address on the upper and lower halves of the address. 

Mnemonic Description Operation 

INA, (n) Input from I/O device at A+-(n) 
address n to ACC 

OUT (n), A Output to I/O device at (n)+-A 
address n from ACC 

IN r, (C) Input from I/O device at r+-(C) 
address (C) to register 

OUT (C), r Output to I/O device at (C)+-r 
address (C) from register 

INI Input from I/O device at (HL)+-(C) 
address (C) to memory HL+-HL+ 1 
location (HL), increment B+-B-1 
pointer, and decrement B 
counter 



Mnemonic Description Operation PROGRAM CONTROL 

OUTI Output to I/O at address (C)+--(HL) JUMPS 
(C) from memory location HL+--HL+ 1 
(HL), increment pOinter, 8+--8-1 
and decrement 8 counter 

Mnemonic Description Operation 

IND Input from I/O device at (HL)+--(C) JP nn Unconditional jump PC+--nn 
address (C) to memory HL+--HL-1 direct to nn 
location (HL) and decre- 8+--8-1 JP (ss) Unconditional jump PC+--ss 
ment pointer, and 8 indirect via ss register 
counter JP cc, nn Conditionally jump If cctrue, 

OUTD Output to I/O device at (C)+--(HL) direct to nn if cc is true PC+--nn, else 
address (C) from memory HL+--HL-1 continue 
location (HL) and decre- 8+--8-1 JR d Unconditional jump PC+--PC+d 
ment pointer to PC+d 
8 counter JR kk, d Conditionally jump if kk true, 

INIR Output to I/O device at (HL)+--C PC + d if kk is true PC+--PC+d 
at address (C) to mem- HL+--HL + 1 DJNZ,d Decrement 8 register 8+--8-1 
ory location (HL), incre- 8+--8-1 and jump to PC + d if if 8=0 
ment pOinter, decrement Repeat until 8'" 0, otherwise continue PC+--PC+d 
8 counter, and repeat 8=0 
until 8=0 

CALLS OUTIR Output to I/O device at (C)+--(HL) 
address (C) from memory HL+--HL + 1 

Mnemonic Description Operation location (HL), increment 8+--8-1 
pointer, decrement 8 Repeat until 

CALL nn Unconditional call to (SP-1 )+--PCH counter, and repeat until 8=0 
8=0 subroutine at location nn (SP-2)+--PCL 

INDR Input from 1/0 device at (HL)+--(C) PC+--nn 

address (C) to memory HL+--HL-1 CALL cc, nn Conditional call to if cc true, 

location (HL), decrement 8+--8-1 subroutine at location (SP-1 )+--PCH 
pointer and 8 counter, Repeat until nn if cc true (SP-2)+--PCL 
and repeat until 8 = 0 8=0 PC+--nn, else 

OUTDR Output to 1/0 device at (C)+--(HL) continue 

address (C) from mem- HL+--HL-1 
ory location (HL), decre- 8+--8-1 RETURNS 
ment pOinter and 8 Repeat until 

Mnemonic Description Operation counter, and repeat until 8=0 
8=0 

RET Unconditional return PCL+--(SP) 
from subroutine PCH+--(SP + 1) 

RETcc Conditional return If cc true: 
from subroutine PCL+--(SP) 

PCH+--(SP + 1) 
CPU CONTROL else continue 

RETI Return from interrupt PCL+--(SP) 
PCH+--(SP + 1) 

RETN Return from non- PCL+--(SP) 
Mnemonic Description Operation maskable interrupt PCH+--(SP + 1) 

NOP No operation 
Restore 
interrupt 

HALl' Halt processor enable 
DI Disable Interrupts status 
EI Enable Interrupts 
1M 0 Set Interrupt Mode 0 
IM1 Set Interrupt Mode 1 RESTARTS 
1M2 Set Interrupt Mode 2 

Mnemonic Description Operation 

·Halt instruction locks CPU into an endless cycle of instruction fetches RSTT Interrupt to location T (SP-1 )+--PCH 
until CPU is reset or interrupted. Therefore dynamic memory refresh (SP-2)+--PCL 
continues to run. PC+--T 
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REGISTER 
MNEMONIC 

RLC r 

RL r 

RRC r 

RR r 

SLA r 

SRA r 

SRL r 

MEMORY 
MNEMONIC 

RLC ml 

RL ml 

RRC ml 

RR ml 

SLAml 

SRAml 

SRL ml 

REGISTER I MEMORY 
MNENONIC 

RLD 

RRO 

ROTATE AND SHIFT 

DESCRIPTION 

ROTATE REGISTER r LEFT CIRCULAR 

ROTATE REGISTER r LEFT THROUGH 
CARRY 

ROTATE REGISTER r RIGHT CIRCULAR 

ROTATE REGISTER r RIGHT THROUGH 
CARRY 

SHIFT REGISTER r LEFT ARITHMETIC 

SHIFT REGISTER r RIGHT ARITHMETIC 

SHIFT REGISTER r RIGHT LOGICAL 

DESCRIPTION 

ROTATE MEMORY LEFT CIRCULAR 

ROTATE MEMORY LEFT THROUGH CARRY 

ROTATE MEMORY RIGHT CIRCULAR 

ROTATE MEMORY RIGHT THROUGH 
CIRCULAR 

SHIFT MEMORY LEFT ARITHMETIC 

SHIFT MEMORY RIGHT ARITHMETIC 

SHIFT MEMORY RIGHT LOGICAL 

DESCRIPTION 

ROTATE DIGIT LEFT AND RIGHT BETWEEN 
ACC AND MEMORY (HLI 

ROTATE DIGIT RIGHT AND LEFT BETWEEN 
ACC AND MEMORY IHLI 
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A 17 

A 17 

OPERATION 

E~}-q 7 - 0 1:oJ 
r 

La---17 - 0 I~ 
r 

LI7_0P-B 
r 

L17- 01--BJ 
r 

B---17 - 0 /-0 
r 

CJ~oI--B 

0-17- 0I--B 
r 

OPERATION 

0-17_ oI--B 
ml 

OPERATION 

: 6 41 3 o I 17 o IIHLI 

I 

: 1 

~ 41 3 o I 17 o IIHLI 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature .............................................................. -65°C to + 150°C 
Voltage on Any Pin with Respect to Ground ........................................... -0.3V to V cc + 0.3V 
Maximum Vcc ................................................................................ 7V 
Power Dissipation ............................................................................ 1 W 
Lead Temperature (Soldering, 10 seconds) ...................................................... 300°C 

DC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C, Vcc = 5V ± 10%, GND = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

V'H Logical 1 Input Voltage 0.7 Vcc Vcc V 

V'L Logical 0 Input Voltage 0 0.2 Vcc V 

VHY Hysteresis at RESET IN input Vcc=5V 0.25 0.5 V 

VOH ' Logical 1 Output Voltage lour=-1.0mA 2.4 V 

VOH2 Logical 1 Output Voltage lour = -10 ~A Vce-· 05 V 

VOLI Logical 0 Output Voltage IOL=2 mA 0 0.4 V 

VOL2 Logical 0 Output Voltage lour = 10 ~A 0 0.1 V 

I'L Input Leakage Current O:5,V'N:5,VCC -10.0 10.0 ~A 

IOL Output Leakage Current 0:5, V'N:5,Vcc -10.0 10.0 ~A 

IccA Active Supply Current lour=0,f x'N=5MHz 10 15 mA 

IccA Active Supply Current lour=O, fX'N =8 MHz 15 21 mA 

Icco Quiescent Current fX'N = 0 MHz 2 4 mA 

Icps Power-Save Current flX'NI = 5.0 MHz 5 mA 

C'N Input Capacitance 6 10 pF 

Cour Output Capacitance 8 12 pF 

Vcc Power Supply Voltage Note 2 2.4 5 6 V 

Note1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended 
and should be limited to those conditions specified under DC Electrical Characteristics. 

Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V ± 
10% are forthcoming. 

Preliminary (not tested) 

MPU800-1 MPU800 
500 

1 

·Speed of CPU is expressed in clock speed, not crystal speed. 

~ 

~ 15 
"" ::0 
U 

::; 10 ~ 
::0 

i 
1l 

Icc ys System Speed 

1 1.5 2 2.5 3 3.5 4 4.5 

FREQUENCY AT CLOCK (MHz) 

AC ELECTRICAL CHARACTERISTICS V cc = 5V ± 10%, GND = OV 

MPU800-4 
500 

1 

MPU800-1 MPU800 MPU800·4 
Symbol Parameter 

Min Max Min Max Min Max 

t, Period at XIN and XOUT 500 31250 200 31250 125 31250 ns 
Pins 

T Period at Clock Output 1000 62500 400 62500 250 62500 ns 
(=2 tx) 
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AC ELECTRICAL CHARACTERISTICS (Continued) Vcc= 5V ± 10%, GND = OV 

MPU800-1 MPU800 MPU800-4 
Symbol Parameter Units Notes 

Min Max Min Max Min Max 
t, Period at XIN and XOUT 500 31250 200 31250 125 31250 ns 

Pins 

T Period at Clock Output 1000 62500 400 62500 250 62500 ns 
(=2tx) 

tA Clock Rise Time 110 110 75 ns Measured from 10%-90% of 
signal 

tF Clock Fall Time 60 60 40 ns Measured from 10%-90% of 
signal 

tL Clock Low Time 490 190 95 ns 50% duty cycle, square wave 
input on XIN 

tH Clock High Time 450 150 80 ns 50% duty cycle, square wave 
input on XIN 

tACC(AD) ALE to Valid Data 1375 500 300 ns Add t for each WAIT STATE 
Add t/2 for memory read cycles 

tAFA AD(0-7) Float after 0 0 0 ns 
RD Falling 

tBABE BACK Rising to Bus 1000 400 250 ns 
Enable 

tBABF BACK Falling to Bus Float 50 50 50 ns 

tBACL BACK Falling to CLK 425 125 55 ns 
Falling 

tBAH BREQ Hold Time 0 0 0 ns 

tBAS BREQ Set-Up Time 100 50 35 ns 

tCAF Clock Falling to ALE 0 30 0 30 0 35 ns 
Falling 

tCAA Clock Rising to ALE 0 100 0 100 0 75 ns 
Rising 

tOAI ALE Falling to INTA 530 230 100 ns 
Falling 

tOAA ALE Falling to RD Falling 525 575 225 250 125 160 ns 

tOAW ALE Falling to WR Falling 990 1010 390 410 220 250 ns 

to(BACK)1 ALE Falling to BACK 2500 1000 600 ns Add t for each WAIT state 
Falling Add t for opcode fetch cycles 

to(BACK)2 BREQ Rising to BACK 
Rising 

500 1600 200 700 125 475 ns 

to(I) ALE Fall~ to INTR, NMI, 1375 475 250 ns Add t for each WAIT state 
RSTA-C, PS, BREQ Add t for opcode fetch cycles 
Inputs Valid 

tOPA Rising PS to Falling ALE 500 1550 200 650 125 475 ns See Figure 12 also 

to(AFSH) Falling ALE to Falling 1500 600 325 ns Add t for each WAIT state 
RFSH 

to(WAIT) ALE Falling to WAIT input 
Valid 

550 250 125 ns 

tH(AOH)1 A(8-15) Holt Time During 
Opcode Fetch 

0 0 0 ns 

tH(AOH)2 A(8-15) Hold Time Dur.i~ 
Memory or 10, RD and WR 

400 100 60 ns 

tH(t.DL) AD(0-7) Hold Time 400 100 50 ns 

tH(WO) Write Data Hold Time 400 100 50 ns 

INH Interrupt Hold Time 0 0 0 ns 

tiNS Interrupt Set-Up Time 100 50 35 ns 

tNMI Width of NMI Input 50 30 20 ns 

tAOH Data Hold after Read 0 0 0 ns 

tAFL RFSH Rising to ALE -100 -100 -70 ns Negative number means ALE 
Rising occurs first 
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AC ELECTRICAL CHARACTERISTICS (Continued) Vcc=5V ± 10%, GND= OV 

MPUBOO-l MPUBOO MPUBOO-4 
Symbol Parameter Units Notes 

Min Max Min Max Min Max 

tAL(MA) RD Rising to ALE Rising 
(Memory Read) 

450 150 85 ns 

tAL(OP) RD Rising to ALE Rising -75 -65 -55 ns 
Opcode 

TSIAo AD(0-7) Set-Up Time 300 80 40 ns 

tSIALE) A98-15), SO,SI, 101M 
Set-Up Time 

350 .' 100 50 ns 

tswo Write Data Set-Up Time 385 85 50 ns 

tWIALE) ALE Width 430 130 75 ns 

tWH WAIT Hold Time 0 0 0 ns 

tWII) Width of INTR, RSTA-C, 
PS, BREQ 

500 200 125 ns 

tW(INTA) INTA Strobe Width 1000 400 200 ns Add two t states for fi rst I NTA of 
each interrupt response string 
Add t for each WAIT state 

tWL WR Rising to ALE Rising 450 150 90 ns 

twlAo) Read Strobe Width During 1000 400 225 ns Add t for each WAIT State 
Opcode Fetch Add tl2 for Memory Read 

Cycles 

tw AFSH Refresh Strobe Width 1925 725 400 ns 

tws WAIT Set-Up Time 100 50 35 ns 

tW(WAIT) WAIT Input Width 550 250 175 ns 
tWWA Write Strobe Width 1000 400 220 ns Add t for each WAIT state 

tXCF XIN to Clock Falling 25 55 25 55 25 55 ns 
tXCA XIN to Clock Rising 45 75 45 75 45 75 ns 

Nole 1: Test conditions: t = 1000 ns for MPU800-1, 400 ns for MPU800, 250 ns for MPU800-4. 

Nole 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used for other loads: 
150 pF <CL ""300 pF: + 0.25 ns/pF 
50 pF <CL",,150 pF: -0.15 ns/pF 

TABLE 1. BUS TIMING AS T DEPENDENT 

Symbol l/T<2.5MHz 2.5 MHz < lIT < 4.0 MHz Symbol l/T<2.5 MHz 2.5 MHz< lIT <4.0 MHz 

tL (1/2)T-10 (1/2)T -30 min T D AFSH (3/2+ N)T (3/2 + N)T -50 Min 

tH (1/2)T -50 (1/2)T -45 Min tOIWAIT) (1/2)T + 50 (1/2)T Max 

tACC AD (1 + N)T + 100 (1 + N)T +50 Max t AoH)2 (1/2)T -100 (1/2)T -65 Min 

tBABE T T Max tH ADH 2 (1/2)T -100 (1/2)T -6 Min 

tBACL (1/2)T -75 (1/2)T -70 Min tH AoL (1/2)T -100 (1/2)T -50 Min 

tDAI (1/2)T + 30 (1/2)T -25 Min tAL MA (1/2)T -50 (1/2)T-40 Min 

toAA (1/2)T + 25 (1/2)T Min tSAD (1/2)T -120 (1/2)T-85 Min 

tDAA (1/2)T:I- 50 (1/2)T + 35 Max ts ALE (1/2)T -100 (1/2)T-75 Min 

tDAW T-10 T-30 Min tslWD) (1/2)T-115 (1/2)T -75 Min 

tDAW T +10 T Max tWALE (1/2)T -70 (1/2)T -'-50 Min 

tD BACK 1 (5/2+ N)T (5/2 + N)T -25 Min tw INTA (1 + N)T (1 +N)T-50 Min 

to BACK 2 (1/2)T (1/2)T Min tWL (1/2)T -50 (1/2)T -35 Min 

tD BACK 2 (3/2)T + 100 (3/2)T + 100 Max tWAD (1 + N)T (1 + N)T-25 Min 

too (3/2 + N)T -125 (3/2+N)T-125 Max tw AFSH 2T-75 2T-100 Min 

toPA (1/2)T (1/2)T Min tWIWA (1 + N)T (1 +N)T-30 Min 

tDPA (3/2)T + 50 (3/2)T + 100 Max 
Note: N IS equal to number of WAIT states. 
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TIMING REFERENCE 

Interrupt-Power-Save Cycle 

NOTE 1 

CLK 

ALE 

INTR. RSTA. 

RSTB.RSTC ~::~~::::~~::~~::~::4:::4-:::::::::::::::i~~~~=;.;,;,~:=~~::::::::::: 
iN"TA 

(NOTE 21 

CLK 

Note 1: This t state is the last t state of the last M cycle of any instruction. 

Note 2: Aesponse to INTA input. 

Note 3: Response to PS input. 

Bus Acknowledge Cycle 

BACK 
~-"~"?--

11_t::18A8f 
AD(D-71 ---------------+--\1 
A18-l51 

~.m------------~--~~~----_r--J 
\ ~'D""'"--

ALE'~ '--

---------il'----

* Waveform not drawn to proportion, Use only for specifying test points. 

AC Testing Input/Output Waveform AC Testing Load Circuit 

07 
0.7 Vee TEST 0.7 Vee 

0.2 
0.2 Vee POINTS 0.2 Vee 
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TIMING WAVEFORMS 

eLK 

ALE 

AI8-1S) 

ADIO-7) 
IREAO) 

ADIO-71 
(WRITE) 

11 

I-IWIALEI-

I 
ISIALE)_ 

-tsIADI-

~ ADIO-7) -
- )i ADIO-7) 

-------

.,.. - -=-=t~l--

Opcode Fetch Cycle 

Memory Read and Write Cycle 

T2 T3 

.IT , 
f 

IHIADll 

ADDRESS 18-15) ( 
-~IAFR ~ 
.~- -----Q:- - ... -----

tACCIR01~IIIDH 

\ !t;~DHJ2-
~_IDAR- IWtRD) tALIMR} 
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STANDARD MICROSYSTEMS 
CORPORATION 

3~r.wcIt.!iBlvll~Nv111e8 
,516,2733100 TWXS10227e898 

MICROCOMPUTER FAMILY BLOCK DIAGRAM 

INTR 

RSTA, B, C 
NMI 

INTA 
SO 

51 
RFSH MPU800 
BRED CPU 
BACK 

WAIT 
PS 

AOO-A07 

AB-AI5 

ifIj 

Wii 
ALE 

101M 

RESET OUT 

L----"""""~WR 
L-__ -,-_-+I ALE 

'-------+1 101M 
L-_____ +I RESET 

PORT A 
B BITS 

PORT B 
B BITS 

PORT C 
6 BITS 

TIMER 0 IN 

TIMER 0 DUT 

PORT A 
B BITS 

PDRT B 
8 BITS 

PORT C 
4 BITS 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica­
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in o~der to improve design and supply the best product possible. 
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MPU810A 
MPU 810A-1 
MPU 810A-4 

PRELIMINARY 

RAM-I/O-Timer 
FEATURES 
o Variable Power Supply: 2.4V-6.0V 
o Pin-Compatible With NSC810 
o Three Programmable I/O Ports 
o Two 16 Bit Programmable Counter Timers 
o Very Low Power Consumption 
o Fully Static Operation 
o Single Instruction I/O Bit Operations 
o Timer Operation: DC to 5 MHz 
o Bus Compatible with MPU800 Family 
o Three Speed Versions For Full 

Compatibility with the MPU800: 
MPU81 0-4-4 MHz 
MPU810 -2.5 MHz 
MPU810-1-1 MHz 

GENERAL DESCRIPTION 

The MPU810A functions as a memory, inputloutput 
peripheral interface, and a timing device. The memory is 
comprised of 1024 bits of static RAM organized 128 by 8. 

The 1/0 portion consists of 22 programmable input/out­
put bits arranged as three separate ports, with each bit indi­
vidually definable as an input or output. The port bits can 
be set or cleared individually and can be written or read in 
bytes. Several types of strobed mode operations are avail­
able through port A. 

The timer portion of the device consists of two pro­
grammable 16 bit binary down-counters each capable of 
operation in anyone of 6 modes. Timer counts are extend­
able by one of the available pre-scale values. The MPU81 OA 
comes in three speed versions to match the MPU800. 
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PIN CONFIGURATION 

PC3/TG 
PC4rrllN 

TOIN 
RESET 

PC5rr10UT 
TOOUT 

10T/M 
CE 
RD 

WR 
ALE 
ADO 
A,Dl 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 

GND --c..::"'-__ -=..:...r-

BLOCK DIAGRAM 

FIGURE 1 

V'" 
PC2/S'fli 
PC1/BF 
PCO/INTR 
PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PBl 
PBD 
PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PAl 
PAD 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

40 + 5 Volt Vee + 5 volt supply 

20 Ground GND Ground 

Input Signals 

4 Reset RESET RESET is an active-high input that resets all registers to 0 (low). The RAM 
contents remain unaltered. 

7 Input/Output Timerl 10TIM Input/Output Timer or RAM Select (IOT/M): 10TIM is an 1/0 memory select 
RAM Select input line. A logic 1 (high) input selects the I/O-timer portion of the chip; a 

logic 0 (low) input selects the RAM portion of the chip. lOT iM is latched at 
the falling edge of ALE. 

8 Chip Enable CE CE is an active-high input that allows access to the MPU810A. CE is latched 
at the falling edge of ALE. 

9 Read RD The RD is an active-low input that enables a read operation of the RAM or 
I/O-timer location. 

10 Write WR The WR is an active-low input that enables a write operation to RAM or 
I/O-timer locations. 

11 Address Latch Enable ALE The falling edge of the ALE input latches ADO-AD7, CE and 10TIM inputs 
to form the address for RAM, 1/0 or timer. 

3 Timer 0 Input TOIN TOIN is the clock input for timer O. 

Output Signals 

6 Timer 0 Output TOOUT TOOUT is the programmable output of timer O. After reset, TOOUT is set 
high. 

InputlOutput Signals 

12-19 AddresslData Bus ADO-AD7 The multiplexed bidirectional addressldata bus, ADO-AD7 pins, are in the 
high impedance state when the MPU810A is not selected. ADO-AD7 will 
latch address inputs at the falling edge of ALE. The address will designate 
a location in RAM, 1/0 or timer. WR input enables 8-bit data to be written 
into the addressed location. RD input enables 8-bit data to be read from 
the addressed location. The RD or WR inputs occur while ALE is low. 

21-28 Port A, Bits 0-7 PAD-PA7 Port A is an 8-bit basic mode input/output port, also capable of strobed 
mode 1/0 utilizing three control signals from port C. Strobed mode of oper-
ation on port A has three different modes: strobed input, strobed output 
with active bus, strobed output with TRI-STATE bus. 

29-36 Port B, Bits 0-7 PBO-PB7 Port B is an 8-bit basic mode input/output port. 

37 -39,1,2,5 Port C, Bits 0-5 PCO-PC5 Port C is a 6-bit basic mode 1/0 port. Each pin has a programmable second 
function, as follows: 

PCO/INTR: INTR is an active-low strobed mode interrupt requestto the 
Central Processor Unit (CPU). 

PC1/BF: BF is an active-high buffer full output to peripheral devices. 

PC2/S'fB: STB is an active-low strobe input from peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1IN: T11N is the clock input for timer 1. 

PC5/T1 OUT: T1 OUT is the programmable output of timer 1. 

FUNCTIONAL DESCRIPTION 

Refer to Figure 1 for a detailed block diagram of the 
MPU810A. 

1/0 called ports. There are two ports (A and B) which con­
tain eight bits each and one port (port C) which has six bits. 
Any bit or combination of bits in a port may be addressed 
with Set or Clear commands. A port can also be addressed 
as an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit-Set and Bit-Clear. Additionally, 
port A is programmable for strobed (handshake) mode input 
or output. Port C has programmable second functions for 
each bit associated with strobed modes and timer func­
tions. Table I defines the address location of the ports, tim­
ers and control registers. 

RANDOM ACCESS MEMORY (RAM) 

The memory portion of the RAM-I/O-timer is accessed ~ 
a 7-bit address input to pins ADO through AD6. The 10T/M 
input must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Address 
bit AD7 is a "don't care" for RAM addressing. Timing for 
RAM read and write operations is shown in the timing 
diagrams. 

INPUT/OUTPUT (110) 
THE I/O portion of the MPU810A contains three sets of 

MODE DEFINITION REGISTER (MDR) 

The mode definition register (MDR) defines the operating 
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mode for port A. While ports Band C are always in the basic TABLE I. I/O AND TIMER ADDRESS DESIGNATIONS 
I/O mode, there are four operating modes for port A: 

Mode O-Basic I/O (Input or Output) 
Mode 1-Strobed Mode Input 
Mode 2-Strobed Mode Output-Active Peripheral Bus 
Mode 3-Strobed Mode Output-TRI-STATE' 

Peripheral Bus 

The MOR has the address assignment xxx00111 and is 
illustrated for the four modes in Table II. 

DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (ODR) that 
defines the I/O state of the bit. The bit is configured as an 
input if a "0" is written into its DDR, or as an output if a 
"1" is written. The ODR bits cannot be individually written 
to; the entire DDR byte is affected by a write to the DDR 
address. Thus, all data must be consistent with the direc­
tion desired for each port. 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to' Figure 2. 

FIGURE 2. Block Diagram for Port Bit (i) 

INTERNAL 
DATA BUS 

WR(DDR) 

(DATA DIRECTIDN) 

BIT OPERATIONS 

P(I) 

The I/O features of the RAM-I/O-timer allow modification 
of a single bit or several bits of a port with Bit-Set and Bit-

B-Blt Address Field 
Bits 

7 6 5 4 3 2 1 0 

x x x 0 0 0 0 0 
xxxOOOO1 
x x x 0 001 0 
xxxOOO11 
x x x 001 0 0 
x x x a 0 1 o 1 
x x x 0 0 1 1 0 
x x x 0 0 1 1 1 
x x x 0 1 000 
x x x 0 1 001 
x x x 0 1 010 
x x x 0 1 011 
x x x 0 1 1 o 0 
x x x 0 1 1 o 1 
x x x 0 1 1 1 0 
x x x 0 1 1 1 1 
x x x 1 o 0 0 0 
x x x 1 000 1 
x x x 1 001 0 
x x x 1 001 1 
x x x 1 0 1 o 0 
x x x 1 0 1 o 1 
x x x 1 0 1 1 0 
x x x 1 0 1 1 1 
x x x 1 1 000 
x x x 1 1 001 
x x x 1 1 0 1 0 
x x x 1 1 0 1 1 
x x x 1 1 1 a a 
x x x 1 1 1 0 1 
x x x 1 1 1 1 0 
x x x 1 1 1 1 1 

x = don't care. 
LB = low-order byte 
HB = high·order byte 

Designation R(Read) 
110 Port, Timer, etc. W(Wrlte) 

Port A (byte) R/W 
Port B (byte) R/W 
Port C (byte) R/W 
Not Used .. 
DDR-PortA W 
DDR-Port B W 
DDR-Port C W 
Mode Definition Reg. W 
Port A-Bit-Clear W 
Port B-Bit-Clear W 
Port C-Blt·Clear W 
Not Used .. 
Port A-Bit-Set W 
Port B-Bit·Set W 
Port C-Bit·Set W 
Not Used .. 
Timer 0 (LB) · 
TimerO(HB) · 
Timer 1 (LB) · 
Timer 1 (HB) · 
STOP Timer 0 W 
START Timer 0 W 
STOP Timer 1 W 
START Timer 1 W 

TimerO Mode R/W 
Timer 1 Mode R/W 
Not Used .. 
Not Used .. 
Not Used .. 
Not Used .. 
Not Used .. 
Not Used .. 

*A write accesses the modulus register, a read the read buffer. 
** A read from an unused location reads invalid data, a write does not affect 

any operation of MPU81 OA. 

Clear command. The address is set up to indicate that a TABLE II. MODE DEFINITION REGISTER BIT 
Bit-Set (or Clear) is taking place. The incoming data on ASSIGNMENTS 
the address/data bus is latched at the trailing edge of the 
WR strobe and is treated as a mask. All bits containing 1 s 
will cause the indicated operation to be performed on the 
corresponding port bit. All bits of the data mask with Os 
cause the corresponding port bits to remain unchanged. 
Three sample operations are shown in Table III using port 
B as an example. 

*TRI-STATE® is a registered trademark of National Semiconductor 

~ 
0 
1 
2 
3 

Corporation. x = don't care 

717 

7 6 5 

x x x 
x x x 
x x x 
x x x 

4 3 2 1 0 

x x x x 0 
x x x 0 1 
x x 0 1 1 
x x 1 1 1 



TABLE III. BIT-SET AND CLEAR EXAMPLES 

Operation Set B7 
Clear B2 Set B4, B3 
and BO and B1 

Address xxx01101 xxx01001 xxx01101 
Data 10000000 00000101 00011010 
Port Pins 

Prior State 00001111 10001111 10001010 
Next State 10001111 10001010 10011010 

PORT FUNCTIONS-BASIC I/O 

Basic I/O is the mode of operation of ports Band C and 
mode a of port A (defined by the MDR). Read and write 
byte operations, and bit operations can be executed in the 
basic I/O mode. The timing for basic input and basic out­
put modes is shown in the AC Characteristics tables. 

When a read occurs, the information is latched from the 
peri~ral (port) bus during the leading (falling) edge of 
the RD strobe. When a write occurs, the Rort bus is mod­
ified after the trailing (rising) edge of the WR strobe with 
data from the AD bus. Port output data remains valid at 
the output pin from one trailing edge of WR strobe to the 
trailing edge of the next WR strobe which then modifies 
that port. 

PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel­
ligent peripherals. When port A is in mode 1, 2 or 3 (see 
description of MDR), port C pins 0, 1 and 2 are used as 
handshake signals between the peripheral and the CPU. 
These handshake signals are designated STB, BF, and 
INTR. Timing parameters and timing diagrams are detailed 
under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting (= 1) or 
clearing (= 0) the output data latch of bit 2, 
port C. Port bit PC2 is used as t~e STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter­
rupt signals to generate the INTR output. 
Reset clears this bit to zero, so it must be set 
to one to enable the INTR pin for strobed 
operation. Once the strobed mode of opera­
tion is programmed, the only way to change 
the output data latch of PC2 is by using the 
Bit-Set and Clear instructions. The port C byte 
write command will not alter the output data 
latch of PC2 during the strobed mode of 
operation. 

STB (Strobe) is an active-low input from the 
peripheral device, signaling that data-trans­
fer is about to begin. This strobe is inter­
preted as an "output request" if port A is in a 
strobed output mode, or as a "data-valid" 
signal if port A is in strobed input mode. 
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BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com­
plete. In strobed input mode, this strobe indi­
cates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode, BF indi­
cates that the request from the peripheral has 
been processed by the CPU and the valid data 
now appears in port A. 

Note: In either input or output mode SF may be cleared by rewriting mode definition 
register. 

The bits of port C that are used for handshake control of port 
A (bits CO, C1 and C2) must be direction-defined appropri­
ately in the DDR. Also, the DDR of port A must be consist­
ent with the mode specified in the MDR. Register set-up 
configurations for the three handshake modes are illus­
trated in Table IV. 

TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 

DDR DDR Port C 
Mode MDR Port A Port C Output 

Latch 

Strobed xxxxxx01 00000000 xxx011 xxx1xx 
Input 
Strobed xxxxx011 11111111 xxx011 xxx1xx 
Output 
(Active) 
Strobed xxxxx111 11111111 xxx011 xxx1xx 
Output 
(TRI·STATE) 

Strobed Input (Mode 1) 
During strobed input operations, an external device can load 
data into port A with the STB signal. Data is input to the PAO-
7 input latches on the leading (negative) edge of STB, 
causing BF to go high (true):On the trailing (positive) edge 
of STB the data is latched and the interrupt signal, INTR, 
becomes valid indicating to the CPU that data is available 
for reading. INTR will become valid only if the interrupt is 
enabled, that is the output data latch for PC2 is true. 

When the CPU reads port A, address X'OO, the trailing edge 
of the RD strobe causes BF and INTR to become inactive, 
indicating that the strobed input cycle has been completed. 

Strobed Output (Mode 2) 

During strobed output operations, an external.device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CPU writing to I/O address X'OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
device. When the extemal device is ready to accept the data 
in port A it pulses the STB signal. STB will reset BF with its 
rising edge and also activates the INTR signal. 

INTR in this mode indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 

Strobed Output-TRI-STATE Mode (Mode 3) 

The strobed output TRI-STATE mode and the strobed out­
put active (peripheral) bus mode function in a similar man­
ner with one exception. The exception is that the data signals 
on PAO-7 assume the high i~dance state at all times 
except when accessed by the STB signal. Thus, in addition 



to its timing function, STB activates port A outputs to active 
logic levels. This mode 3 operation allows other data 
sources, in addition to the NSC810, to feed a common 
external device. 

TIMERS 
The two timers in the RAM-I/O-timer are 16-bit binary down­
counters, each timer having six modes of operation. Full 
count is reached at "n + 1 ", where "n" is the value loaded 
into the modulus register. Read and write commands can 
occur at any time, asynchronous to timer operation by 
addressing the timer read buffer or modulus register, 
respectively. Each timer has a mode register and a write­
only start/stop register. Each timer also has a prescaler 
which divides the incoming clock signal by a programmable 
value, extending the effective ranges of the timers while 
maintaining 16-bit precision. Selected timer outputs are 
-i- 1 or -i- 2 for timer 1, and -i- 1, -i- 2, or -i- 64 for timer O. 
A diagram representing one timer and associated registers 
is shown in Figure 3. 

CO~TROl 

FIGURE 3. Timer Internal Block Diagram (9ne of Two) 

TIN, TOUT, AND TG 
Timer 0 has dedicated pins for its clock, TOIN, and its out­
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1. If mode 1 ,2,3,4,S, or 6 is specified in TMR 1, the 
pins from port C (PC3, PC4, and PCS) are automatically 
made available to the timer(s) for gating (TG), T1IN, and 
T1 OUT, respectively. These pins are also taken from port C 

any time timer 0 is in mode 2, 3, or 4. This is also automat­
ically accomplished by writing TMR O. In order to reconfi­
gure pins PC3, PC4, PCS to their original configuration as 
standard I/O, the timer mode registers must be reset by 
selecting mode 0 or 7. 

TG (PC3), the timer gate, is used to hardware control the 
starting/stopping (or triggering) of the timers. The timer gate 
may be used individually by either timer or simultaneously 
by both timers. 

For modes 2 and 3, the timer starts on the gate-active tran­
sition assuming the start address was previously written. If 
the timer gate makes an active transition prior to a write to 
the start address, the trailing edge of the WR strobe starts 
the timer. However, for mode 4 the timer always waits for an 
active g.ate edge following a write to the start address. 

The DDR for port C must be programmed with the correct 
I/O direction forTG and the input and output of timer 1. See 
Table V for programming examples. 

TIMER MODES 

The low-order three bits (bits 0, 1, 2) of the timer mode reg­
isters (TMR) define the mode of operation for the timers. 
Each TMR may be written to, or read from, at any time. 
However, to ensure accurate timing, it is important to modify 
the mode of the timer only when the timer is stopped. Inputs 
of 000 or 111 will define a NOP (no operation) mode, the 
timer is stopped and the output is inactive. Inputs of 001 
through 110 will select one of six distinct timer functions. 

In the explanations that follow, assume thatthe modulus for 
the timer is loaded with the appropriate value by writing to 
the low and high bytes of each timer (I/O addresses X'10 
and X'11 for timer TO and X'12 and X'13 for timer T1). 
Assume also that the timer is started by writing the I/O 
address X'1S (TO) or X'17 (T1) and the prescaler is not 
selected. 

Event Counter (Mode 1, TMR Bits = 001) 
In the non-gated mode, the count is decremented for each 
clock period at the input of the timer (see Figure 4a). When 
the count reaches zero, the output goes valid and remains 
valid until the timer count is read by the CPU, orthe timer is 
halted. 

The timer is reloaded at the terminal count (= 0) with the 
modulus and continues to decrement even when the output 
is valid. 

TABLE V. TIMER PROGRAMMMING SECTION EXAMPLE 

Mode Register Bit 
Output 
Sense 

7 6 5 4 3 2 1 0 Active 
L/H 

TIMER 0 

x x x x x 0 0 0 x 
0 x 0 0 0 0 0 1 L 
1 x 0 1 1 1 1 0 H 
1 o 0 0 1 1 0 0 H 
0 1 1 0 0 0 1 0 L 

TIMER 1 

x x x x x 1 1 1 x 
0 x 0 x 000 1 L 
1 o 1 x 1 1 0 1 H 
0 1 0 x o 0 1 1 L 

X= don'lcare 

Timer 
Gate 

Polarity 
Active 

LlH 

x 
x 
x 
H 
L 

x 
x 
L 
H 

Mode Description 

Single/Double 
Precision 

SID 

x 
D 
D 
D 
S 

x 
D 
S 
D 
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Prescale 
Value 

x 
-i- 1 

-i- 64 
-i-2 
-i- 1 

x 
-i- 1 
-i-2 
-i- 1 

Timing 
Mode 

0 
1 
6 
4 
2 

7 
1 
S 
3 

PortC DDR 

5 4 3 2 1 0 

x x x x x x 
x x x x x x 
x x x x x x 
1 0 o x x x 
1 0 o x x x 

x x x x x x 
1 o 0 x x x 
1 o 0 x x x 
1 o 0 x x x 



TABLE VI. MODE SELECTION 

BIT 210 Timer Function 

000 Timer Stopped and Reset 
o 0 1 Event Counter 
010 Event Timer (Stopwatch) 
o 1 1 Event Timer (Resetting) 
100 One Shot 
1 0 1 Square Wave 

0 Pulse Generator 
1 1 1 Timer Stopped and Reset 

Accumulative Timer (Mode 2, TMR Bits = 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con­
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid until the count is read by the CPU 
or the timer is halted. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 

Restartable Timer (Mode 3, TMR Bits = 011) 

In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until the 
gate again becomes active (see Figure 4c). If the timer is 
read when the gate is inactive, you will always read the value 
the timer has counted down to, not the value the timer has 
been reloaded with. The timer restarts at its modulus value. 
The prescaler is not reset at this time. 

At terminal count the output becomes valid and the timer is 
reloaded. The timer will continue to run as normal, the only 
difference is the output is valid. Once the output is valid it 
remains valid until the count is read by the CPU or the timer 
is halted. 
Note: The gate inactive time must be longer than the high time of the inter­
nal clock on the chip. Therefore, with .;. 64 prescale selected the gate 
inactive time must be 33 input clocks or greater. 

One Shot (Mode 4, TMR Bits = 100) 
In this gated mode, the timer holds the modulus count until 
the active gate edge (see Figure 4d). The output immedi­
ately becomes valid and remains valid as the counter dec­
rements. The gating signal may go inactive without affecting 
the counl. If TG (the gate) becomes inactive and returns 
active prior to the terminal count, the modulus will be 
reloaded, retriggering the one shot period. When the timer 
reaches the terminal count, the output becomes inactive. 
The gate, in this mode, is edge sensitive; the active edge is 
defined in TMR. 
Note: The one shot cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it can­
not be retriggered during the last clock, in divide by 2 prescaler, during the 
last two clocks and divide by 64 prescaler, during the last 64 clocks. 

Square Wave (Mode 5, TMR Bits = 101) 

In this non-gated mode, the output will go active as soon as 
the timer is started. The counter decrements for each clock 
period and complements its output when zero is reached 
(see Figure 4e). The modulus is then reloaded and count­
ing continues. Assuming a regular clock input, the output 
will then be a square wave with a period equal to twice the 
value loaded into the modulus. Therefore, varying the mod-

ulus will vary the duty cycle of the square wave. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 

Pulse Generator (Mode 6, TMR Bits = 110) 
In this non-gated mode, the counter decrements for each 
clock period (see Figure 4'). When the timer decrements 
to zero, the output becomes valid for one clock width. 
With a prescale of divide by 2 the output will be valid for one 
full clock and with divide by 64 prescale the output will be 
valid for 32 clocks. The modulus is then reloaded and the 
sequence is repeated. Varying the modulus value will vary 
the frequency of the pulse. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 

TIMER MODE REGISTER 

The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is important 
to modify the mode when the timer is stopped. The timer 
mode is selected from one of six modes with TMR bits 0, 1, 
and 2. Bits 3 and 4 select the prescale value if the prescaler 
is to be used. Bits 5, 6 and 7 select the read/write 
mode, gate input polarity, and output sense (active-high or 
low). The bit functions of the TMR are further illustrated in 
Figure 6. 

TMR 7 6 5 4 3 2 1 0 

~~LTIMINGMOOE ~ PRESCALE VALUE 

SINGLE/ DOUBLE PRECISION 

GATE INPUT POLARITY 

OUTPUT SENSE 

FIGURE 6. Timer Mode Register 

Timer Prescaler 

There is a prescale function associated with each timer. It 
serves as an additional divisor to lengthen the counts for 
each timer circuil. The value of the divisor is fixed and 
selectable in each TMR. 

The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN); so, TOUT will be prescaled by the same value as the 
timer. Although the 16-bit prescaled count of the timer may 
be read, the internal value of the prescaler cannot be read 
by the user. A "00" for either timer represents.;. 1 (no pre­
scale). Timer 0 has the two possibilities of .;. 2 or .;. 64: 
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Timer Bit 4 3 Prescale 
o 0 .;. 1 
o 1 .;. 2 
1 1 .;. 64 

Timer 1 has only the.;. 2 prescale available; TMR bit 4 is a 
"don't care". 

Timer Bit 4 3 
x 0 
x 1 

Single/Double Precision 

Prescale 
.;. 1 
.;.2 

A two-byte word (or a single byte when one byte is a "don't 
care") may be read from or written to the timers. To program 



Timer Mode Examples (Modulus register is loaded with 0004 for these examples) 

CLOCK 
COUNT 

WR 
(ADDRESS STARTI 

iffi 
(ADDRESS TIMER) 

OUTPUT 
(ACTIVE-lOW 

INTERRUPTI 

CLOCK 
COUNT 

WR 
(ADDRESS START) 

iffi 
(ADDRESS TIMER) 

GATE 
(ACTIVE-HIGH) 

OUTPUT 
(ACTIVE-LOW 

INTERRUPT) 

CLOCK 
COUNT 

WR 
(ADDRESS START) 

iffi 
(ADDRESS TIMER) 

GATE 
(ACTIVE·HIGH) 

OUTPUT 
(ACTlVE·lOW) 

CLOCK 
COUNT 

r----t- ONE CYCLE 

r----t- ONE CYCLE 

r----t-ONE CYCLE 

WR---""" 
(ADDRESS START) 

GATE 

FIGURE 4a. Event Counter Mode (Mode 1) 

FIGURE 4b. Accumulative Timer (Mode 2) 

FIGURE 4c. Restartable Timer (Mode 3) 

(ACTIVE-HIGH) _________ ---1 

OUTPUT ------------, 
(ACTIVE-lOW) 

FIGURE 4d. One Shot (Mode 4) 

ClOCK r----t-'"' CYCLE 

COUNT 

WR~ 4321 0 ~~ 4 3 210 

(ADDlIESSSTAAT)~ __ 

OUTPUT -----t-, 
(ACTIVELDW\ 

ClOCK I--t-ONE CYCLE 

COUNT 

FIGURE 4e. Square Wave (Mode 5) 

WR ~4~ (ADDAESSSTART).~_ 

OUTPUT ------------------1 
(ACTIVE LOW) 

FIGURE 41. Pulse Generator (Mode 6) 
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TIN 

ADDRESS 

N~:.:iE~~KD~~: ------"'\. 
11.5.61 

TG IGATING SIGNALI ITMR6=DI ____________ ....1 

TIMER CLOCK FOR _____________ '" 

GATED MODES 
12.3.4} 

Note: Diagonal lines indicate interval of invalid data. 
For mode 4 (one shot), only start-timing applies 
twST-WR set-up for starting timer 150 ns 

twsp-WR set-up for stopping timer 150 ns 
tGST- TG (gate) set-up for starting timer 100 ns 
tGSP- TG (gate) set-up for stopping timer 100 ns 

FIGURE 5. Start/Stop Timing 

the timer buffers, TMR bit 5 must be set as follows: 
O-Double byte read or write low byte first, then high byte. 

The order of low byte first, high byte second must be 
maintained for proper Read/Write communications 

1-Single byte read or write low byte only-high byte "don't 
care" or high byte only with low byte "don't care." 

The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both bytes. 
The following example clearly illustrates this point. If the 
timer had a value of 200 when the low byte was read and 
then decremented to 1 FF before the high byte was read then 
the double byte mode would have read 00 and 02, respec­
tively. The single precision mode would have read 00 and 
01. . 
Note: In the double precision mode, the high by1e should be read imme­
diately after the low byte. Do not access any other registers or unused 
address location between the reads. 

Gate Input Polarity 
The TG input is the hardware control for starting and stop­
ping the timers. For modes 2 and 3, the timer starts on the' 
gate-active transition assuming the start address was pre­
viously written. If the timer gate makes an active transition 
prior to a write to the start address, the trailing edge of the 
WR strobe starts the timer. However, for mode 4 the timer 
always waits for an active gate edge following a write to the 
start address. 
The polarity of the gate input may be selected by the con­
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal will 
be active-high or positive edge for mode 4; if bit 6 equals 1, 
the gate polarity will be active-low or negative edge for 
mode 4. 
Timer Output Polarity 
Like the gating function, the polarity of the output signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active-high 
output. 
The output for T1 is multiplexed with port C, bit 5. (Similarly 
T11N is multiplexed with port C, bit 4.) When any timer mode 
other than .oar 7 is specified for T1 , or when mode 2, mode 
3, or mode 4 is specified to TO, the three port C pins, bit 3, 
bit 4, and bit 5, become TG, T1IN, and T1 OUT, respectively. 
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TIMER PROGRAMMING 
The proper sequence to program the timer is as follows: 
1 . Write timer mode register with mode 0 or 7 selected. This 
stops the timer, resets the prescaler, and sets internal clock 
high. 
2. Write timer mode register again, this time selting it up to 
your requirements. 
3. Write the modulus values, low byte first, high byte second. 
4. Start the timers. 
The timer output latches are only updated when the internal 
timer clock gets an active transition. The internal timer clock 
is defined as the output of the prescaler. Therefore, it is 
impossible to read back the value just written to the timer 
unless you have an active transition on the internal clock. 
To guarantee the integrity of the data during a read opera­
tion, updates to the timer output latches are blocked out. If 
an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If contin­
uous reads were made to the timers and an update was 
blocked out it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
occurred, the next update would occur at FD, thereby giving 
an appearance of the count FE being skipped. In actuality 
the correct number of clocks has occurred for the timer to 
read FD. 
Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written will 
get into the timer when the timer hits its terminal count and 
reloads its value. If the timer is stopped and a modulus is 
written the new modulus value will get into the timer only if 
the internal clock is high for some period before the start 
command. If it does not go high then the next time the timer 
hits its terminal count it will load the new modulus. One way 
to guarantee the data will get into the timer immediately is 
to follow steps 1-4. Although this procedure guarantees that 
the data will get into the timer you will not be able to read it 
back until you get an active transition on the internal clock. 
Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have internal clock Signal be high for some period between 
the write of the mode register and the start of the timer. Once 
again steps 1 through 4 will reset the prescaler. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature Range ............................................................................ - 65°C to + 150°C 
Voltage at Any Pin with Respect to Ground .......................................................... - 0.3V to Vee + 0.3V 
Vee ......................................................................................................................... 7V 

1W Powe,D;,,;,.I;oo ........................................................................... ~ 
Lead Temperature (Soldering, 10 seconds) .................................................. . /:)11... . ........... 300°C 

OPERATING CONDITIONS Vee = 5V ± 10% ... SO:"~~li~~//J4I"" 
.r·"'elt,::~"ol.~ ~., 

'01l ",' 'fJ<JJ 
DC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee = 5V ± 10%, GND = OV, unless 01, •• •• r •• ~~.Cilic" ...y, 

9Clt.' , 101]. 

Symbol Parameter Conditions Min. Typ. Max. ~"g. 
V,H Logical 1 Input Voltage 0.7 Vee 

V'L Logical 0 Input Voltage 0 

VOH Logical 1 Output Voltage 10H = -1.0mA 2.4 
louT = - 10 /LA Vee -0.5 

VOL Logical 0 Output Voltage 10L = 2 mA 
louT = 10/LA 

IlL Input Leakage Current O<VIN<Vee 

10L Output Leakage Current O:'!:;VIN:::;,Vee 

lee Active Supply Current louT ~ 0, Timer = Mode 1, TOIN = 
T11N = 2.5 MHz, twey = 750 ns 

10 Quiescent Current No Input Switching, TA = 25°C 

CIN Input Capacitance 

COUT Output Capacitance 

Vee Power Supply Voltage 

VORV Data Retention Voltage 

LOW VOLTAGE OPERATION Preliminary 

Voltage MPU810A-1 MPU810A MPU810A-4 Units 

2.4 - 500 500 kHz 

3.0 - 1 1 MHz 
Note1: Absolute maximum ratings are those values beyond which the safety of the device cannot 
be guaranteed. Continuous operation at these limits is not intended; operation should be limited to 
those conditions specified under DC Electrical Characteristics. 

TIMER AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Conditions 

Fc Clock Frequency 

Fep Clock Frequency Prescale Selected 

tew Clock Pulse Width 

tewp Clock Pulse Width Pre scale Selected 

tGS Gate Set-Up Time With Respect to Negative Clock Edge 

tGH Gate Hold Time With Respect to Negative Clock Edge 

tco Clock to Output Delay CL = 100 pF 
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0 
0 

-10.0 

-10.0 

2.4 

1.2 

Vee V 

0.2 Vee V 

V 
V 

0.4 V 
0.1 V 

10.0 /LA 

10.0 /LA 

8 10 mA 

10 100 /LA 

4 7 pF 

6 10 pF 

5 6 V 

V 

Icc V5 Speed 

10 ,---,--,-----,-,. 

3000 1500 1000 750 

twcy (ns) 

o 2 3 4 

MPU800 CLOCK SPEED· (MHz) 
·When MPU801A is used with NSC800 

Min Typ Max Units 

DC 2.5 MHz 

DC 5.0 MHz 

150 ns 

75 ns 

100 ns 

250 ns 

350 ns 

I 



AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter Conditions 
MPU810A-1 MPU810A MPU810A-4 

Min Max Min Max Min 
Units 

Max 

tACC Access Time from ALE CL= 150pF 1000 400 300 ns 

tAH ADO-7, CE, IOT/M Hold Time 100 60 30 ns 

tALE ALE Strobe Width (High) 200 125 75 ns 

tAAw ALE to RD or WR Strobe 150 120 75 ns 

tAS ADO-7, CE, IOT/M Set-Up Time 100 75 40 ns 

tOH Data Hold Time 150 90 40 ns 

too Port Data Output Valid 350 310 300 ns 

tos Data Set-Up Time 100 80 50 ns 

tpE Peripheral Sus Enable 320 200 200 ns 

tpH Peripheral Data Hold Time 150 125 100 ns 

tps Peripheral Data Set-Up Time 100 75 50 ns 

tpz Peripheral Sus Disable 150 150 150 ns 
(TRI-STATE®) 

tAB RD to SF Output 300 300 300 ns 

tAD Read Strobe Width 400 320 220 ns 

tADO Data Sus Disable 0 100 0 100 0 75 ns 

tAl RD to INTR Output 320 320 300 ns 

tAWA RD or WR to Next Ale 125 100 75 ns 

tSB STS to SF Valid 300 300 300 ns 

tSH Pe~eral Data Hold with Respect 150 125 100 ns 
toSTS 

tSI STS to INTR Output 300 300 300 ns 

tss Peripheral Data Set-Up With 100 75 50 ns 
Resp'ect to STS 

tsw STSWidth 400 320 220 ns 

tWB WR to SF Output 340 340 300 ns 

tWI WR to INTR Output 320 320 300 ns 

tWA WR Strobe Width 400 320 220 ns 

twCY Width of Machine Cycle 3000 1200 750 ns· 

1 rDl 1 1 1 1 
elK XOUT '" V" ON. 18) V" 'NO ~~RTA --0 1m AOO-1 ADO-T 

881TS 

...£!. 1Im.~. C 18) 
AB-15 

--0 NMl ~~ATB -INfA .2.!4 CE MPU810A 8 BITS 

" "" 
_so 

" 1:0 

MPU800 ., TIMER ~IP{)RTC _so (CPU) 
.. 

681TS -"'" 
Ale Ale 

--0 "" 
101M IDTIM j+--TlMEROIN 

<- "" 
AESETOUT RESET r-+TlMEROOUT 

--0 WAif 

1 1 "k 
--0" 

~ 
v" ON. v" 

"';T 
~ 

AOO-7 

~ A8-IO 
~~RTA All 

" 
881TS 

~ CE MPU830 
ROM ~~RTB RO ):0 

881TS 

MPU MICROCOMPUTER ., 
FAMILY BLOCK DIAGRAM ALE ~PORTC 

48115 
101M 

RESET 
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AC TESTING INPUT/OUTPUT WAVEFORM 

___ JX~~~ 
TLlCI5517·3 

TIMER WAVEFORMS 

elK 

GATE -----
OUTPUT 

(ACTIVE lOW) 

GENERAL TIMING WAVEFORMS 

AC TESTING LOAD CIRCUIT 

Read Cycle (Read from RAM, Port or Timer) 

1 .... ------------twCy-------------1 

lOT 1M m~~""~=_:W_~:""!""L"'~~~~rmrm'!'m'!'m'!'m'!'m~~rmrm'!'m'!'m,.",'!'m~ 
CE""~~~l--~~~~~~~~~~~~~~~~~""~~ 

ALE 

PERIPHERAL .",mrmmrmmrm\.~ .... ---+_--....,'k_.Irmmrmmrmm"".",m'"'rm'"'""'"'.".,,, 
(PORT) BUS "" ........ ~~~"".,...---+_--~""~~~"" ................ ~~~""~ 

Note: Diagonal lines indicate interval of invalid data. 

Write Cycle (Write to RAM, Port or Timer) 

t-------------twCy-----------~ 

lOT 1M '"''"'''''''''.,.,.,.,'"''''"'',u_~~~~"''''!Iu,'"''"''.,.,.,.,.,.,.,.,"''rm.,.,.,.,'"''rm.,.,.,.,.,.,.,.,''"''''''m''"'''''''" 
CE """"~""""~1--~----~~""""~""""""""""""~~~~~ ... 

ALE 

PERIPHERAL 
(PORT) BUS 

Note: Diagonal lines indicate interval of invalid data. 
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HANDSHAKE TIMING 

PERIPHERAL 
(PIlRT A) BUS 

BF 

10T/M 

Strobed Mode Input 

CE ~~~~~~~""""""""~~~~~J 

ALE 
PORT A~------f----

AO (0-7) -

Note: Diagonal lines indicate interval of invalid data. 

CE 
10T/M 

Strobed Mode Output 

AO (0-7) ~ PORT A AOOR ~OATAIN_ 

ALE \ c~ _____ _ 
I 

I 

BF 

t 
twl- -lsI 

twB- tSB- ~' 
7 
,\-tsw~ 

ACTIVE (MODE 2) tDD---X 
OLO OATA NEW DATA 

tPE~ tpz--1 I-
TRI-STATE (MOOE 3) ""'. '"'{~-------------------.• -{------OII); -----

Note: Diagonal lines indicate interval of invalid data. 

STANDARD MICROSYSTEMS 
CORPORATION! ~iiiiiiiiiii. 

35MarcusBlvdHJuppaugeNV111BB 
1~1612rl-3100 TWX-;10 227 sa98 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica­
~ions; consequently complete information su~fjcient for construct!on purposes is not necessarily given. Th,e 
Information has been carefully checked and IS believed to be entirely reliable. However, no responsibility IS 

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 

726 



MPU 830 ROM 1/0 Device 
MPU 8311/0 Device 

MPU830 
MPU831 

PRELIMINARY 

FEATURES PIN CONFIGURATION 
o Variable Power Supply: 2.4V-6.0V 
o Pin-Compatible With NSC830/NSC831 

PAO o Three,Programmable I/O Ports AS 

o 2K x 8 Read Only Memory (MPU830) A9 

o Very Low Power Consumption Al0 
RESET o Fully Static Operation CEolCEo" o Single Instruction I/O Bit Operations 101M 

o Bus Compatible With MPU800 Family 10RICE,ICE, • 

RD o Strobed Mode Available on Port A WR 
ALE 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 

Vss 

Vee 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PA7 
PCO/INTR 
PC1/BF 
PC2/STB 
PC3 
PBO 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 

PAO 

RESET 
CEo 
Vee 
CE, 
RD 
WR 
ALE 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 

Vss 

Vee 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PA7 
PCO/INTR 
PC1/BF 
PC2/STB 
PC3 
PBO 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 

--='--__ .=....J, PB7 

·Pin 6 is mask programmable as CEo or CEo *Tie pins 2, 3 and 4 to either Vee or Vss-

GENERAL DESCRIPTION 

The MPU830 is a combination ROM and I/O 
peripheral device contained in a standard 40 pin 
package. 

The ROM is comprised of 16,384 bits of Read 
Only Memory organized as 2048 by 8. 

The I/O portion consists of 20 programmable 
input/output bits arranged as three separate ports, 
with each bit individually definable as an input or 
output. The port bits can be set or cleared individ­
ually and can be written or read in bytes. Several 
types of strobed mode operations are available 
through port A. 

The MPU831 is similar to the MPU830 except 
that is contains no ROM. The MPU831 is useful for 
prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 

Pin 8 is mask programmable as IDA, CEll or GEL 

CEoltro~ 
IOA/CE,IC[l---""""'-" 

WR~ CONTROL 
lOGIC IO~ ;;: : 

AlE~ 
RESET~L-_--' 

(2-41 

(12-19) 

ROM 
16.384 BITS 
(2D48K8) 

ADDRESS 
BUFFERS 

ADDRESS! 
DATA 

BUFfeRS 

." LATCHES 

INTERNAL 
DATA 
.US 

Nole: Applicable p,nout for 40_pln dual·,n-Ilne package wL!h,n pa'enIMse, 
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(133-39) 

(21-28) 

PBD·PB7 

129·321 

peO-PC3 
HANDSHAKE 

BLOCK DIAGRAM 



DESCRiPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

40 + 5Voli Vee + 5 volt supply 

20 Ground GND Ground 

Input Signais 

5 Master Reset RESET An active-high input on the RESET pin initializes the chip causing the three 
I/O ports (A, B and C) to revert to the input mode. The three ports, the three 
data direction registers and the mode definition register are reset to 
low (0). 

? Input/Output/Memory 101M The 101M pin is a latched, select input line. A high (1) input selects the 1/0 
Select portion of the chip; a low (0) input selects the ROM portion of the Chip. The 

select input is latched by the trailing edge (high to low transition) tifthe ALE 
signal. 

6 Chip Enable 0 CEO/CEO The chip enable inputs are mask programmable at the factory. The CE 
8 Chip Enable 1 IOR/CE1/CE1 inputs permit the use of multiple MPU830s in a system without using a chip 

select decoder. The CE inputs must be active at the falling edge of ALE. 
At ALE time, the CE inputs are latched to provide access to the M~830. 
The lOR inpu~rforms the same function as the combination of 101M input 
high and the RD input low. 

9 Read RD When the RD (or the lOR, when mask programmed) input is an active low, 
data is tead from the ADO-AD? bus. When both RD and lOR are high, the 
ADO-AD? bus is in the high impedance state. 

10 Write WR When .the CE inputs are active, and the 101M input is high, an active low 
WR input causes the selected output port to be written with the data from 
the ADO-AD? bus. 

11 Address Latch Enable ALE The trailing edge (high to low transition) of the ALE input signal latches the 
addressldata presen!.9n the ADO-AD? bus, A8-A 10 bus, plus the input 
control signals on 101M, CEo/CEo, and CE,/CE,. 

2-4 Address Bus AS-A1O A8,A9-A10 The high-order bits of the ROM address are input on this 3-bit bus and are 
latched by the high-to-Iow transition of the ALE input. These bits do not 
affect the 1/0 operations. 

InputlOutput Signals 

12-19 Bidirectional Addressl ADO-AD? The lower 8 bits of the ROM or 1/0 address are applied to these pins, and 
Data Bus latched by the trailing edge of ALE. Du.!!!}g read operations, 8 bits are pres-

ent on these pins, and are read when RD or lOR is low. During an 1/0 write 
cycle, Port A, B, or..QJs written with the data present on this bus at the 
trailing edge of the WR strope. 

1,39-33 Port A, Bits O-? PAD-PA? These are general purpose 1/0 pins. Their input/output direction is deter-
28-21 Port B, Bits O-? PBO-PB? mined by the contents of the Data Direction Register (DDRs). 
32-29 Port C, Bits 0-3 PCO-PC3 

FUNCTIONAL DESCRIPTION MODE DEFINITION REGISTER (MDR) 
Refer to Figure 1 for a detailed block diagram of the 
MPU830. 

The Mode Definition Register (MDR) defines the operating 
mode for Port A. While Ports Band C are always in the basic 
110 mode, there are four operating modes for Port A: Read Only Memory (ROM): The memory portion of the 

ROM-lID is accessed bya!!J 1-bit address input to pins ADO­
AD7 and A8-A 10. The 10/M input must be low (ROM select) 
and the chip enable pins in the active programmed state at 
the falling edge of ALE to address the ROM. Timing for ROM 
read and write operations is shown in the timing diagrams. 
Input/Output (1/0): The I/O portion of the MPU830 con­
tains three sets of I/O called Ports. There are two ports (A 
and B) which contain 8 bits each and one port (Port C) which 
has 4 bits. Any bit or combination Cif bits in a port may be 
addressed with Set or Clear commands. A port can also be 
addressed as an 8-bit word (4 bits for Port C). When reading 
Port C, bits 4-7 Will be read as ones. All ports share common 
functions of Read, Write, Bit-Set and Bit-Clear. Additionally, 
Port A is prCigrammable for strobed (handshake) mode input 
or output. Port C has a programmable second function for 
each bit associated with strobed modes. Table 1 defines 
the address location of the ports and control registers. 
"TRI-STATE'" is a registered trademark of National Semiconductor 
Corporation. 

Mode O-Basic 110 (Input or Output) 
Mode 1-Strobed Mode Input 
Mode 2-Strobed Mode Output 

• Active Peripheral Bus 
Mode 3-Strobed Mode Output 

• TRI-STATE® (high impedance) 
Peripheral Bus 

The MDR has the 1/.0 address assignment XXX00111. The 
bit configuration for the mode selection is illustrated below: 

Mode 
7 6 5 4 

Bit 
3 2 1 0 

0 X X X X X X X 0 
1 X X X X X X 0 1 
2 X X X X X 0 1 1 
3 X X X X X 1 1 1 

NOTE: X = don't care 
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Table 1. I/O and Address Designations 

8·Bit Address Field 

Bits 

7 6 5 4 3 2 1 0 

X X X X 0 0 0 0 

X X X X 0 0 0 1 

X X X X 0 0 1 0 

X X X X 0 0 1 1 

X X X X 0 1 0 0 

X X X X 0 1 0 1 

X X X X 0 1 1 0 

X X X X 0 1 1 1 

X X X X 1 0 0 0 

X X X X 1 0 0 1 

X X X X 1 0 1 0 

X X X X 1 0 1 1 

X X X X 1 1 0 0 

X X X X 1 1 0 1 

X X X X 1 1 1 0 

X X X X 1 1 1 1 

NOTE: X = don't care 

DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (DDR). which 
defines the I/O state of the bit. The bit is configured as an 
input if a "0" is written into its DDR, or as an output if a "1" 
is written. The DDR bits cannot be individually written to: 
the entire DDR byte is affected by a write to the DDR 
address. Thus all data must be consistent with the direction 
desired for each port. 

Any write or read operations on a port contradicting the DDR 
will not affect the port output or input. However, a read of a 
port bit defined as an output will cause a read from the out­
put latch, and a write to a port bit defined as an input will 
modify the output latch. 

PORT FUNCTIONS-BASIC I/O 

Basic I/O is the mode of operation of Ports Band C and 
mode 0 of Port A (defined by the MDR), Read, write, and bit 
operations can be executed in the basic I/Q.mode. The tim­
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 

When a read occurs the information is latched from the 
peripheral bus on the leading (falling) edge of the RD strobe, 
When a write occurs the..QQIt bus is modified after the trail­
ing (rising) edge of the WR strobe with data from the AD 
bus. Port output data remains valid on the output pin from 
one trailing edge of WR strobe to the trailing edge of the 
next WR strobe. 

BIT OPERATIONS 

The I/O features of the ROM-I/O allow modification of a sin­
gle b.it or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data oD...!be address/ 
data busis latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing "1 s" will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with "Os" cauSe the cor­
responding port bits to remain unchanged. Three sample 
operations are given, using Port B as an example: 
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Designation 
I/O Pori, etc. 

Port A (byte) 
Port B (byte) 

Port C (byte) 

Not Used 

DDR - Port A 

DDR - Port B 

DDR - Port C 
Mode Delinition Register 

Port A - Bit Clear 

Port B - Bit Clear 

Port C - Bit Clear 

Not Used 

Port A - Bit Set 

Port B - Bit Set 

Port C - Bit Set 
Not Used 

Operation 

Address 
Data 
Port Pins 
Prior State 
Next State 

INTERNAL 
DATA BUS 

SetB7 

XXX01101 
10000000 

00001111 
.10001111 

WR (DDR) 

(DATA DIRECTION) 

R (Read) 
W (Write) 

R/W 
R/W 
RIW 

-
W 
W 
W 
W 
W 
W 
W 

-
W 
W 
W 
-

BitB2 SetB4, B3 
andBO and B1 

XXX01001 XXX01101 
00000101 00011010 

10001111 10001010 
10001010 10011010 

P (i) 

FIGURE 2. Block Diagram for Port Bit (i) 

PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel­
ligent peripherals. When Port A is in mode 1, 2, or 3 (see 
description of MDR), Port C pins 0, 1, and 2 are used as 
signals to and from the peripheral and to the CPU, control­
ling handshake operations. These control signals are des­
ignated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 
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STB 

(Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
Port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to Port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting (= 1) or 
clearing (= 0) the output data latch of bit 2, 
Port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with the inter­
rupt signal to generate the INTR output. Reset 
clears this bit to zero so it must be set to one --' to enable the INTR pin for strobed operation. 
Once the strobed mode of operation is pro-
grammed, the only way to change the output 
data latch of PC2 is by using the Bit-Set and 
Clear instructions. The Port C byte write 
command will not alter the output data latch 
of the PC2 during the strobed mode of 
operation. 

(Strobe) is an active-low input from the 
peripheral device, signaling that data trans-
fer is about to begin. This strobe is inter-
preted as an "output request" if Port A is in a 
strobed output mode, or as a "data valid" sig-
nal if Port A is in strobed input mode. 

ABSOLUTE MAXIMUM RATINGS 

BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com­
plete. In strobed input mode this strobe indi­
cates that data is received into Port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode the BF 
indicates that the request from the peripheral 
has been processed by the CPU and the valid 
data now appears in Port A. 

The bits of Port C that are used for handshake control of 
Port A (bits CO, C1, and C2) must be direction-defined 
appropriately in the DDR. Also, the DDR of Port A must be 
consistent with the mode specified in the MDR. Register set­
up configurations for the three handshake modes are illus­
trated in Table 2. 

Table 2. Mode Definition Register Configurations 

DDR DDR PortC 
Mode MDR Output PortA PortC Latch 

Strobed XXXXXX01 00000000 XXX011 XXX1XX Input 

Strobed 
Output XXXXX011 11111111 XXX011 XXX1XX 
(Active) 

Strobed 
Output XXXXX111 11111111 XXX011 XXX1XX (TRI-
STATE) 

Storage Temperature Range ............................................................................ - 65°C to + 150°C 
Voltage at Any Pin With Respect to Ground .......................................................... - 0.3V to Vee + 0.3V 
Vee ......................................................................................................................... 7V 
Lead Temperature (Soldering, 10 seconds) ........................................................................... 300°C 
Power Dissipation ......................................................................................................... 1 W 

Note: Absolute maximum ratings are those values beyond which the safety of the device cannot be 
at these limits is not intended; operation should be limited to those conditions specified under DC 

DC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee = 5V ± 10%, GND 
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LOW VOLTAGE OPERATION Preliminary 

Voltage MPU831-1 MPU831 MPU831-4 

2.4 - 500 500 

3.0 - 1 1 

AC TESTING INPUT/OUTPUT WAVEFORM 

Y7o% 70%V-
--'\._20_'"_, ___ ..;.20.;,;.% "----

AC TESTING LOAD CIRCUIT 

DEVICE 
UNDER 
TEST T 150pF 

AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

tAce Access Time from ALE 

tAH AgO-AD7, CE, IOT/M Hold Time 

tALE ALE Strobe Width (High) 

tAAW ALE to RD or WR Strobe 

tAS ADO-AD7, CE, IOT/M Set-Up Time 

tOH Data Hold Time 

too Port Data Output Valid 

tos Data Set-Up Time 

tpE Peripheral Bus Enable 

tpH Peripheral Data Hold Time 

tps Peripheral Data Set-Up Time 

tpz Peripheral Bus Disable 
(TRI-STATE®) 

tAB RD to BF Output 

tAD Read Strobe Width 

tAOD Data Bus Disable 

tAl RD to INTR Output 

tAWA RD to WR to Next ALE 

tSB STB to BF Valid 

tSH Pe.!:!Qb.eral Data Hold With Respect 
toSTB 

tSI STB to INTR Output 

tss Peripheral Data Set-Up With 
Respect to STB 

tsw STBWidth 

tWB WR to BF Output 

tWI WR to INTR Output 

tWA WR Strobe Width 

twey Width of Machine Cycle 

Units 

kHz 

MHz 

Test 
Conditions 

CL = 150 pF 
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Icc vs. SPEED 
10 r-----~-----r-----,----~ 

4500 3000 1500 1000 750 

IWCY Ins) 
1 2 3 

MPU800 CLOCK SPEED· (MHz) 
·WHEN MPU830 MPU831 .~ IISEO WITH MPU800 I 

A 
MPU830 li'!"",!!!l!:IIIIJIIt,-MPU830-1 

MPU831-1 MPU831 ~""$lriq~""laQnal ~Ill': 
~sPec;ft. 

Min Max Min Max Min Mil .. 'Uhi.clt;:;~on. 

1000 400 300 ns ang •. 

100 60 30 ns 

200 125 75 ns 

150 120 75 ns 

100 75 40 ns 

150 90 40 ns 

350 310 300 ns 

100 80 50 ns 

320 200 200 ns 

150 125 100 ns 

100 75 50 ns 

150 150 150 ns 

300 300 300 ns 

400 320 220 ns 

0 100 0 100 0 75 ns 

320 320 300 ns 

125 100 75 ns 

300 300 300 ns 

150 125 100 ns 

300 300 300 ns 

100 75 50 ns 

400 320 220 ns 

340 340 300 ns 

320 320 300 ns 

400 320 220 ns 

3000 1200 750 ns 



GENERAL TIMING WAVEFORMS 
Read Cycle (Read from ROM or Port) 

ID/M 

c' 

AD (0-7) 

AlE 

PERIPHERAL 
{pORT I BUS 

Note: Diagonal lines indicate interval of invalid data 

Wrile Cycle (Wrile to Port) 

Note: Diagonal lines Indicate interval of invalid data, 

MICROCOMPUTER FAMILY BLOCK DIAGRAM 

~ 
IN-fR ADO·AD7 

RSTA. B. C 

--+ NMI 
AS-At5 

INTA 
SO 

S1 Ail 
ifFSH MPUBOO 

WA 

CPU AlE 

am 101M 

RESET OUT 

V" 

RESET IN 

T 

181 
ADO·AD7 

MPU810A 
Al3 

C' 
Ail 
IVA 
AlE 

IOTJM 

RESET 

'-----+lWA 

'-----~AlE 

'------+1 101M 
'-------+1 RESET 
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AAM 
1'0 

nMER 

PORT A 
8 BITS 

PORT B 
88ITS 

PORT C 
6 BITS 

+---- TIMER 0 IN 

TIMER 0 OUT 

PORT A 
BBITS 

PORT B 
88ITS 

PORT C 
4 BITS 



HANDSHAKE TIMING Strobed Mode Output 

STB 

"RIPHER" "fj~!~~~~~~~~~~ IPORTAIBUS ~ 

BF 

ALE -------------------
ADDAESSIJALID 

ADID"I~-

Note: Diagonal lines indicate interval of Invalid data 

Strobed Mode Input 

l~,""'_ 

AO(O·7) ~ I'lJRTAADDR)GB( DATA IN 

ALE \ L _____ _ 
WR 

IWI I" 

W ----------------------------tJ 
IWO 

BF 

-'OO::i, .oTt" IMD" " X -1--------+------------
POIIT ABusl OLD DATA ... _+,'-:EI=-------_+-~p:-:-t--AT-A ______ __ 

_ ~ ~T:!.M~E~ _______________ -{ ... ________ ... t- -
Note: Oiagonal lines indicate Interval 01 invalid data 

APPROVED FORMATS FOR CUSTOM PROGRAMMED PARTS 

Input Medium: 

2716 EPROM 
2708 EPROM 

IMPORTANT-EPROM LABELING 

Only one customer program may be included in a single 
order. The following method must be used to identify the 
EPROMs comprising a program. 

a. The EPROMs used for storing a custom program are 
designated as shown: 

2716: Block A 0-2047 

2708: Block A 0-1023 
Block B 1024-2047 
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b. All EPROMs must be labeled (stickers, paint, etc.) with 
this block designation plus a customer assigned print or 
identification number. 

Example: 

1. Customer Data 
• Custom Program Length-2K 
• Medium-Two 2708s 
• Customer Print or 1.0. No. C123-45 

2. EPROM Labels 

C123-45 
A 

0-1023 

C123-45 
B 

1024-2047 



Verification 

You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 

You will be asked for GOINO GO response within one week 
after you receive the listing. 

VERIFICATION LISTING 

The verification listing has six sections: 

1. A cover sheet with provision for "STOP, DO NOT PRO­
CEED" or "VERIFICATION CERTIFIED" signatures. 

2. Description of the options you have chosen. 

3. A description of the log designations and assumptions 
used to process the data. 

4. A listing of the data you have submitted. 

5. An error summary. 

6. A definition of the standard logic definitions for the ROM 
and the reduced form of the data. This list shows the out­
put word corresponding to each address coded in binary. 

ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 

The following information must be submitted with each custom ROM program. An order will not be processed unless 
it is accompanied by this information. 

Person (Customer, Sales Representative, etc. ito whom SMC PART NUMBER AND PACKAGE 
Verification Package be sent: 

Name ROM Letter Code (SMC Use Only) 

Company Customer Name and Location 

Address Customer Print or I.D. Number for this ROM Program 

City, State, and Zip Code Purchase Order Number 

Person (Customer) SMC Can Contact for Device Marking Instruction (Unless otherwise instructed. 
Technical Questions SMC will always mark devices with Date Code, SMC 

Part No., and ROM Code. Any additional marking should 
be shown below.) 

Telephone Number 

Sales Representative Customer Service Representative 

INPUT MEDIUM 

See following page for approved formats. Please check 
the medium you are using. 

OPTIONS FOR MPU830 ROM-IIO 

Option 1 = 0 
CEo Select, enter: 0 for CEo 

1 for CEo o 2716 EPROM 
o 2708 EPROM 
__ Total number of EPROMs 

Option 2 = 0 
CE,1/0R Select, enter: 0 for lOR 

1 for CE, 
2 for CE, 

Circuit diagrams utiliZing SMC products are Included as a means of illustrating typical semiconductor applica­
tions; consequently complete mformatton sufficient for construction purposes is not necessarily given. The 
Information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for InaccuraCies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices desCribed any license under the patent rights of SMC or others. SMC reserves the nght to make changes 
at any time tn order to Improve desIgn and supply the best product pOSSible 
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STANDARD MICROSYSTEMS 

Plastic Package Outlines 

c--------] 
-------

DIM 8 LEAD 14 LEAD 16 LEAD 18 LEAD 20 LEAD 24 LEAD 28 LEAD 40 LEAD 

A .380-.400 .750-.770 .750-.770 .900-.920 1.025-1.050 1.245-1 .265 1.450-1.470 2.050-2.070 

B .240-.250 .240-.250 .240-.250 .240-.250 .240-.260 .530-.545 .535-.550 .535-.550 

C .125-.135 .125-.135 .130-.140 .125-.140 .125-.140 .145-.155 .145-.155 .145-.155 

D .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 

E .290-.330 .290-.330 .290-.330 .290-.330 .290-.330 .590-.630 .590-.630 .590-.630 

F .055-.065 .060-.070 .060-.070' .060-.070 .060-.070 .060-.070 .060-.070 .050-.060 

G .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 

H .040-.050; .075-.085 .025-.035 .040-.060 .065-.075 .065-.085 .070-.090 .070-.090 

J .010-.014 .010-.D14 .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 

K .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 

L .315-.370 .315-.365 .315-.365 .315-.365 .315-.365 .610-.670 .610-.670 .610-.670 

M .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 
'.045 TYP FOR END LEADS 
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Ceramic Package Outlines 

14, 16, 18, 20 PIN HERMETIC PACKAGE 14 LEAD 16 LEAD 18 LEAD 20 LEAD 

u::::nl I A -IFf-

~ '. 

=-=====~~-\ T1 _~\ 
~~~~~~~\~ j ~-J ~\ 
-II--D '. I \ -, , M'y -I (, 1- SEATiNG PLANE I-L--=::::I 

DIM MIN MAX MIN MAX MIN MAX MIN MAX 

A .670 .760 .790 .810 .885 .915 .965 .995 

C .175 .175 .175 .175 

D .015 .021 .0.15 .021 .015 .021 .015 .021 

F .048 .060 .048 .060 .048 .060 .048 .060 

G .090 .110 .090 .110 .090 .110 .090 .110 

J .008 .012 .008 .012 .008 .012 .008 .012 

K .130 .170 .130 .170 .130 .170 .130 .170 

L .295 .325 .295 .325 .295 .325 .295 .325 

M 10° 10° 10° 10° 
N .025 .060 .025 .060 .025 .060 .025 .060 

24, 28, 40 LEAD HERMETIC DIP 24 LEAD 28 LEAD 40 LEAD 

l~::::[:I~~::::i ~:~I -
I~~~D E~ T 
• tf _ -0010 NOM ~11--0040TYP I 

PIN SPACING --- \- 0 018 TYP 1 __ 600 REF-

DIM MIN MAX MIN MAX MIN MAX 

A 1.188 1.212 1.386 1.414 1.980 2.020 

B .568 .598 .568 .598 .568 .598 

C .590 .610 .590 .610 .590 .610 

D .070 .090 .070 .090 .070 .090 

E .025 .060 .025 .060 .025 .060 

F .130 .170 .130 .170 .130 .170 

ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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Cerdip Package Outlines 
8 LEAD CERDIP PACKAGES 

24,28,40 LeAQ CERDIP PAC~ 

II ] 

DIM BLEAD 14 LEAD 16 LEAD 18 LEAD 20 LEAD 24 LEAD 2BLEAD 40 LEAD 

A .400 MAX .7B5MAX .B10MAX .915 MAX .970 MAX 1.2BOMAX 1:460 MAX 2.070 MAX 

B .245-.295 .244-.295 .244-.295 .265-.295 .265~.295 .510-.595 .510-.595 .510-.595 

C .160 MAX .160 MAX .1BOMAX .1BO MAX .180 MAX .1BO MAX .1BOMAX .1BO MAX 

D .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 .016-.020 

E .290-.320 .290-.320 .290-.320 .310-.330 .310-.330 .590-.620 .590-.620 .590-.620 

F .050-.070 .050-.070 .050-.070 .050-.070 .050-.070 .050-.070 .050- .070 .050-.070 

G .100:t.010 .100:t.010 .100:t.010 .1QO:t .010 .100:t .010 .100±.O1O .100± .01 0 .100-.010 

H - .065 TYP .020TYP .Q40TYP .020TYP :045TYP .045TYP .045TYP 

J .00B-.012 .00B-.012 .00B-.012 .QOB-.012 .00B-.012 .00B-.012 .00B-.012 .00B-.012 

L .400 MAX .400 MAX .400 MAX AOOMAX .400 MAX .700 MAX .700 MAX .700 MAX 

M .240-.300 .240-.300 .240-:300 .240-.300 .240-.300 .240-.300 .240-.300 .240-.300 

K .125 MIN .125MIN .125MIN :125 MIN .125MIN .125 MIN .125 MIN .125MIN 

737 , 



Plastic Surface Mount Package Outlines 
28, 44,68 J-Lead Carrier 

NOTE: 

1. All dimensions are in inches. 

2. Circle indicating pin 1 can appear 
on a top surface as shown on the 
drawing or right above it on a 
beveled edge. 

DIM 
·A 

A1 

D 

D1 

D2 

F 

G 
J 
E 

R 
8 

81 

C 

PIN 1 

000 

~---------D1----------~ 

~------D-------:lI--l 

28l 44l 68l 

.160-.188 .160-.188 .160-.190 

.090-.120 .090-.120 .090-.130 

.482-.495 .682-.695 .982-.995 

.450-.456 .650-.656 .950-.956 

.390-.430 .590-.630 .890-.930 

.042-.056 .042-.060 .042-.062 

.042-.048 .042-.048 .042-.048 

.000-.020 .000-.028 .00-.028 

.047-.053 .047".053 .047-.053 

.025-.045 .025-.045 .025-.045 

.013-.021 .013-.021 .013-.021 

.026-.032 .026-.032 .026-.032 

.020-.045 .020-.045 .020-.045 
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Ceramic Leadless 
Chip Carrier Outlines 

Edge 

· II===~ /e~~'Fd L1 

11~~g~=-=1l16 A I G~~ 
II I ~~n-n-n-n-n-n"\. 

PIN 
/No.1 

)-~~----+------*---<L-----~~-l~~------+---------E~ 

DIM 44 LEAD 68 LEAD 

A .062- .078 .072- .088 

A1 .071 - .089 .081 - .099 

B .025TYP .025TYP 

0 .640 - .660 .940 - .965 

01 .500 .800 

02 .355 - .598 .455 - .820 

03 .350 - .590 .450 - .820 

e .050TYP .050TYP 

G .020 x 45° .020x45° 

J .040 x 45° .040 x 45° 

L .045 - .055 .045 - .055 

L1 .075 - .095 .075 - .095 
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CALIFORNIA ILLINOIS 
Cereo Sumer, Inc. 
5230 Carroll Canyon Rd. 1675 Hicks Road 
Ste.214 Rolling Meadows, IL 60008 
San Diego, CA 92121 
(619) 450-1755 
TLX: (910) 335-1220 

(312) 991-8500 
TLX: (910) 693-1477 

INDIANA 
Costar, Inc. Wilson Technical Sales, Inc. 
19220 Stevens Creek Blvd. 4622 W. 72nd Street 
Cupertino, CA 95014 Post Office Box 40699 
(408) 446-9339 
TLX: (910) 338-0206 

Indianapolis, IN 46268 
(317) 298-3345 
TLX: (910) 997-8120 

Varigon Associates 

~?~;~~;~t,tg~ ~g~~5 
IOWA 
Standard Microsystems 

(213) 634-2116 Corporation 
Post Office Box 292497 

Varigon Associates 3411 Office Park Drive 
22932 EI Toro Rd. Ste. 5 Suite 106 
EI Toro, CA 92630 Kettering, OH 45429 
(714) 855-0233 (513) 293-5393 
TLX: (910) 997-0225 TLX: (810) 459-1617 

COLORADO KANSAS 
Elcom, Inc. S. W. Wollard Co. 
2015 South Dayton St. Rural Route 1 
Suite 100 Post Office Box 66A 
Denver, CO 80231 Parker, KS 66072 
(303) 337-2300 (913) 898-6552 
Easyllnk No.: 62927893 

KENTUCKY 
CONNECTICUT Wilson Technical Sales, Inc. 
Orion Group 4622 W. 72nd Street 
27 Meriden Avenue Post Office Box 40699 
Southington, CT 06489 Indianapolis, IN 46268 
(203) 621-8371 (317) 298-3345 
TLX: (510) 601-1381 TLX: (910) 997-8120 

DELAWARE LOUISIANA 
Tritek Sales, Inc. Standard Microsystems 
21 E. Euclid Avenue Corporation 
Haddonfield, NJ 08033 Post Office Box 292497 
(609) 429-1551 3411 Office Park Drive 
TLX: (710) 896-0881 Suite 106 

Kettering, OH 45429 
FLORIDA (513) 293-5393 
Semtronic Associates, Inc. TLX: (810)459-1617 
657 Maitland Avenue 
Altamonte Springs, FL 32701 MAINE 
(305) 831-8233 Alpha-Omega Sales 
TLX: (810) 854-0321 Corporation 

10-G Roessler Road 
Semtronic Associates, Inc. Woburn, MA 01801 
1467 S. Missouri Avenue (617) 933-0237 
Clearwater, FL 33516 TLX: (910)997-1119 
(813) 461-4675 

MARYLAND 
Semtronic Associates, Inc. Robert Electronic Sales 
3471 N.W. 55th Street 5525 Twin Knolls Rd. 
Fort Lauderdale, FL 33309 Ste.325 
(305) 731-2484 Columbia, MD 21045 

ALABAMA 
TLX: (810) 848-0074 (301) 995-1900 

~~~~J~:~a~L~~~~~t~~~oc. GEORGIA MASSACHUSETTS 
Electronic Marketing Alpha-Omega Sales 

Jordan Center Associates Corporation 
Huntsville, AL 35805-0306 6695 Peachtree Industrial 10-G Roessler Road 
(205) 536-3044 Blvd. Woburn, MA 01801 

Suite 109 (617) 933-0237 
ARIZONA Atlanta, GA 30360 TLX: (910) 997-1119 
RELCOM, Inc. (404) 448-1215 
4314 E. Tonto S1. MICHIGAN 
Phoenix, AZ 85044 

IDAHO 
A. P. Associates 

(602) 893-1209 
Quest Marketing, Inc. 

9903 Weber 
TLX: (910) 950-0195 Post Office Box 777 

15921 N.E. 8th St., Ste. 207 Brighton, MI48116 
ARKANSAS Bellevue, WA 98008 (313) 229-6550 
Standard Microsystems (206) 747-9424 TLX: 287310 APAIUR 
Corporation TLX: (206) 747-9426 (FAX) 

Post Office Box 292497 MINNESOTA 
3411 Office Park Drive Comstrand, Inc. 
Suite 106 2852 Anthony Lane So. 
Kettering, OH 45429 Minneapolis, MN 55418 
(513) 293-5393 ~.1~:7:180~fl6~0924 TLX: (810) 459-1617 

DISTRIBUTORS 
ALABAMA Western Microtechnology, Inc. Cetec Electronics 
Hall-Mark Electronics Corp. 7848 East Redfield Drive 3940 Ruffin Road 
4900 Bradford Drive Suite 17 San Diego, CA 92123 
Huntsville, AL 35807 Scottsdale, AZ 85260 (619) 278-5020 
(205) 837-8700 (602) 948-4240 

Cetec Electronics 
ARIZONA CALIFORNIA 2300 Owen Street 
Cetec Electronics Cetec Electronics Santa Clara, CA 95051 
3617 N. 35th Avenue 5610 E. Imperial Highway (408) 748-8550 
Phoenix, AZ 85017 South Gate, CA 90280 
(602) 272-7951 (213) 773-6521 Diplomat ElectroniCS, Inc. 

20151 Bahama Street 
Hall-Mark Electronics Corp. Cetec Electronics Chatsworth, CA 91311 
4040 East Raymond 1692 Browning (818) 341-4411 
Phoenix, AZ 85040 Irvine, CA 92714 
(602) 437-1200 (714) 250-4141 

SALES REPRESENTATIVES 
MISSISSIPPI 

~~~~rJ~:da~'r~~~~S~~~OC' 
Jordan Center 
Huntsville, AL 35805·0306 
(205) 536-3044 

MISSOURI 
Abrams & Associates 
67 Ladue Estates 
81. Louis, M063141 
(314) 569-0447 

MONTANA 

?suge2s1t ~~~~~~~'t.I,n~ie, 207 
Bellevue, WA 98008 
(206) 747-9424 
TLX: (206) 747-9426 (FAX) 

NEBRASKA 
S. W. Wollard Co. 
Rural Route 1 
Post Office Box 6SA 
Parker, KS 66072 
(913) 898-6552 

NEVADA 
RELCOM, Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 
TLX: (910) 950-0195 

NEW JERSEY 
Tritak Sales, Inc. 
21 E. Euclid Avenue 
Haddonfield, NJ 08033 
(609) 429-1551 
TLX: (710) 896-0881 

NEW HAMPSHIRE 
Alpha-Omega Sales 
Corporation 
10-G Roessler Road 
Woburn, MA 01801 
(617) 933-0237 
TLX: (910) 997-1119 

NEW MEXICO 
RELCOM, Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 
TLX: (910) 950-0195 

NEW YORK 
Standard Microsystems 
Corporation 
35 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-3100 
TLX: (510) 227-8898 

T-Squared Elec. Co. Inc. 
7353 Victor-Pittsford Rd. 
Victor, NY 14564 
(718) 924-9101 
TWX: (910) 997-8005 
Faxs Line 62522970 

T-Squared Elec. Co., Inc. 
6443 Ridings Road 
Syracuse, NY 13206 
(315) 463-8592 

NORTH CAROLINA 
Electronic Marketing 
Associates 

~~f~gHh~~etc~ik~~eek Road 

(919) 847-8800 
TLX: (510) 928-0594 

Diplomat Electronics, Inc. 
9787 Aero Drive 
San Diego, CA 92123 
(619) 292-5693 

Diplomat Electronics, Inc. 
1310 Kifer Road 
Sunnyvale, CA 94086 
(408) 737-0204 

Hall-Mark Electronics Corp. 
6341 Auburn Blvd. 
SuiteQ 
Citrus ineights, CA 95610 
(916) 7~2-8600 
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NORTH DAKOTA 
Comstrand, Inc. 
2852 Anthony Lane So. 
Minneapolis, MN 55418 
(612) 788-9234 
TWX: 910-576-0924 

OHIO 
Thompson & Associates 
23715 Mercantile Road 
Beachwood, OH 44122 
(216) 831-6277 
TLX: (810) 427-9453 

Thompson & Associates 
309 Regency Ridge 
Dayton, OH 45459 
(513) 435-7733 
TLX: (810) 459-1767 

OKLAHOMA 
Standard Microsystems 
Corporation 
Post Office Box 292497 
3411 Office Park Drive 
Suite 106 
Kettering, OH 45429 
(513) 293-5393 
TLX: (810) 459-1617 

OREGON 
Quest Marketing, Inc. 
6700 S. W. 1051h, Ste. 3110 
Beaverton, OR 97005 
(503) 641-7377 

PENNSYLVANIA 
Thompson & Associates 
309 Regency Ridge 
Dayton, OH 45459 
(513) 435-7733 
TLX: (810) 459-1767 

Tritek Sales, Inc. 
21 E. Euclid Avenue 
Haddonfield, NJ 08033 
(609) 429-1551 
TLX: (710) 896-0881 

PUERTO RICO 
Semtronic Associates, Inc. 
3471 N.W. 55th Street 
Fort Lauderdale, FL 33309 
(305) 731-2484 
TLX: (810) 848-0074 

RHODE ISLAND 
Alpha-Omega Sales 
Corporation 
10-G Roessler Road 
Woburn, MA 01801 
(617) 933-0237 
TLX: (910) 997-1119 

SOUTH CAROLINA 
Electronic Marketing 
Associates 
210 West Stone Avenue 
Greenville, SC 29609-5499 
(803) 233-4637/4638 
TLX: (810) 281-2225 

SOUTH DAKOTA 
Comstrand, Inc. 
2852 Anthony Lane So. 
Minneapolis, MN 55418 
(612) 788-9234 
TWX: 910-576-0924 

TENNESSEE 
Electronic Marketing Assoc. 
1200 Jordan Lane, 8te. 4 
Jordan Center 
Huntsville, AL 35805-0306 
(205) 536-3044 

Hall-Mark Electronics Corp. 
8130 RemmetAvenue 
Canoga Park, CA 931 04 
(818) 716-7300 

Hall-Mark Electronics Corp. 
19220 S. Normandie Avenue 
Torrance, CA 90502 
(213) 217-8450 

Hall-Mark Electronics Corp. 
14831 Franklin Avenue 
Tustin, CA 92680 
(714) 669-4700 

TEXAS 
Standard Microsystems 
Corporation 
Post Office Box 292497 
3411 Office Park Drive 
Suite 106 
Kettering, OH 45429 
(513) 293-5393 
TLX: (810) 459-1617 

UTAH 
Elcom, Inc. 
2520 South State SI. 
Suite 116 
Salt Lake City, UT 84115 
(801) 486-4233 
Easylink No.: 62893625 

VERMONT 
Alpha-Omega Sales 
Corporation 
10-G Roessler Road 
Woburn, MA 01801 
(617) 933-0237 
TLX: (910) 997-1119 

VIRGINIA 
Robert Electronic Sales 
7641 Hull Street Rd., Ste. 101 
Richmond, VA 23235 
(804) 276-3979 

WASHINGTON 

~geilt ~~~~gli~~;.I~sie. 207 
Bellevue, WA 98008 
(206) 747-9424 
TLX: (206) 747-9426 (FAX) 

WASHINGTON D.C. 
Robert Electronic Sales 
5525 Twin Knolls Rd. 
Ste.331 
Columbia, MD 21045 
(301) 995-1900 

WEST VIRGINIA 
Thompson Associates 
23715 Marchantile Road. 
Beachwood, OH 44122 
(216) 831-6277 
TLX: (810) 427-9453 

WISCONSIN 
Eastern 
Sumer, Inc. 
350 Bishops Way 
Brookfield, WI 53005 
(414) 784-6641 
TLX: (510) 101-1742 

Western 
Comstrand, Inc. 
2852 Anth(:,"y Lane So. 
Minneapolis, MN 55418 
(612) 788-9234 
TWX: 910-576-0924 

Western Microtechnology, Inc. 
10040 Bubb Road 
Cupertino, CA 95014 
(408) 725-1660 

COLORADO 
Hall-Mark Electronics Corp. 
6950 Tucson Way So. 
Suite 206 
Englewood, CO 80112 
(303) 790-1662 



DISTRIBUTORS (con't) 
CONNECTICUT IOWA ~~lre~ra~~~~~t~~~.lnc. ~~~r~~r~~smEfg~~~~~d TEXAS CANADA 
Diplomat Electronics, tnc. Adven! Electronics Hall-Mark Electronics Corp. Future Electronics, Inc. 
52 Federal Road 682 58th Avenue S.W. Burlington, MA 01803 Hauppauge, NY 11788 12211 Technology Blvd. Unit2 
Danbury, CTOQ810 Cedar Rapids, IA 52404 (617) 272-6800 (516) 273-2600 Austin, TX 78727 3220 5th Ave. N. E. 
(203) 797-9674 (319) 363-0221 (512) 258-8848 Calgary, Alberla T2A 5NI 

Hall-Mark Electronics Corp. 
RC Components Diplomat Electronics, Inc. (403) 235-5325 

ILLINOIS 222 Andover Street 4610 Wetzel Road Hall-Mark Electronics Corp. 
Barnes Industrial Park W. Hall-Mark Electronics Corp. Wilmington, MA 01887 Liverpool, NY 13088 10375 Brockwood Road Future Elee, 
33 Village Lane, 210 Mittel Drive (617) 273-1860 (315) 652-5000 Dallas, TX 75238 82 St. Regis Crescent No. 
P,O, Box 5024 Wood Dale, IL 60191 (214) 553·4300 Oownsv[ew, ON M3J 123 
Wallinglord, CT 06492 (312) 860-3800 MICHIGAN Diplomat Electronics, Inc. (416) 636-4771 
(203) 269-0100 Advent Electronics 110 Marcus Drive Hall-Mark Electronics Corp. Telex,: (610)491.1470 

Mar-Con 24713 Crestview Court Melville, NY 11747 ~~~~~~,s}~et7063 Milgray Electronics, Inc. 4836 Main Street Farmington Hills, MI48018 (516) 454-6334 Future Elec. 
378 Boslon Post Road Skokie, IL 60076 (313) 477-1650 (713) 781-6100 237 Hymus Blvd. 
Orange, CT 06477 (312) 675-6450 Hall-Mark Electronics Corp. (Pointe Claire) 
(203) 795-0711 MINNESOTA 101 Comac Street Quality Components, Inc. Montreal, PO H9R 5C7 

INDtANA Hall-Mark Electronics Corp. Ronkonkoma, NY 11779 4257 Kellway Circle (514) 694-7710 
FLORIDA Advent Electronics 10300 Valley View Rd. (516) 737-0600 P,O. Box 819 
Diplomat Electronics, Inc. 8446 Moller Road Suite 10 Addison, TX 75001 Future Elee. 
2120 Calumet Street- Indianapolis IN 46268 Eden Prairie, MN 55344 ~+I~;~~~~~r~~iCS, Inc. (214) 733·4300 Baxter Center 
Clearwater, FL33515 (317) 872-4910 (612) 941-2600 1050 Baxter Road 
(813) 443-4514 Farmingdale, NY 11735 Quality Components, Inc. ottawa, ON K2C3P2 

Hall-Mark Electronics Corp. MISSOURt (516) 420-9800 2120-M Breaker Lane (613) 820-8313 
Diplomat Electronics, Inc. 4275 W. 96th Street Hall-Mark Electronics Corp. Austin, TX 78758 
1300 N.w. 65th Place Indianapolis, IN 46268 13750 Shoreline Drive ~~IK4~~r~~~~~~~:' Inc. 

(512) 835·0220 Future Elec. 
Fort Lauderdale, FL 33309 (317) 872-8875 Earth City, MO 63045 3070 Kingsway 
(305) 974-8700 (314) 291-5350 Pittsford, NY 14534 Quality Components, Inc. Vancouver, B.C. U5R 5Jl 

KANSAS (716) 385-9330 1005 Industrial Blvd. (604)294.1166 
Hall-Mark Electronics Corp. Hall-Mark Electronics Corp. NEW JERSEY Sugar Land, TX 77478 
15301 Roosevelt Blvd. 10815 Lakeview Drive Diplomat Electronics NORTH CAROLtNA (713) 491-2255 Preleo Electronics, Lid. 
Suite 303 Lenexa, KS 66215 2091 Springdale Road Hall-Mark Electronics Corp. 7611 Balh Road, 
Clearwater, FL 33520 (913) 888-4747 Suite 2 5237 North Blvd. Suite 0 UTAH Mississauga, ON L4T 3T1 
(813) 530-4543 Cherry Hill, NJ 08003 Raleigh, NC 27604 Diplomat Electronics, Inc. (416) 745-9370 

~~18~w;i~~~~J~~el~r (609) 751-0440 (919) 872-0712 3007 S.w. Temple 
Hall·Mark Electronics Corp. Salt Lake City, UT 84115 Prelco'E'lec, 
7648 Southland Blvd. Overland Park, KS 66202 Diplomat Electronics, Inc. OHIO (801) 486-4134 480 Port ROb4isl. W, 
Suite 100 (913) 236-8800 490 South Riverview Drive Hall-Mark Electronics Corp. : Montreal,? H3L2R9 
OrlandO, FL 32809 Totowa, NJ 07512 400 E. Wilson Bridge Road Hall·Mark Electronics Corp. (51~) ~89-a051 ' 
(305) 855-4020 MARYLAND (201) 785-1830 SuiteS 302 West 5400 South 

1 Pr~l~o Et~c: ': : Diplomat Electronics, Inc. Worthington, OH 43085 Suite 109 
Hall-Mark Electronics Corp. 9150 RUmsey Road Hall-Mark Electronics Corp. (614) 888-3313 Murray, UT 84107 195 Stafford Road W.:' 
3161 S.w. 15th SI. SuiteA6 107 Fairfield Road (801) 268-3779 Ouawa, ON K2H 9Cl 

r~0~)~~~_~~:6h, FL33069 
Columbia, MD 21045 Suite 18 Hall-Mark Electronics Corp. (813)?26-1800 
(301) 995-1226 Fairtield, NJ 07006 5821 Harper Road WASHINGTON 

(201)575-4415 Solon, OH 44139 Western Microlechnology, Inc. 
Milgray Electronics~ Inc. Hall-Mark Electronics Corp. (216) 349-4632 14636 N,E, 95th Street 
1850 Lee Road, SUite 104 10240 Old Columbia Road Hall-Mark Electronics Corp. Redmond, WA 98052 
Winter Park, FL 32789 Columbia, MD 21046 1000 Midlantic Drive ~li~~a~o~I:~~~~~~~nc. (206) 881-6737 
(305) 647-5747 (301) 988-9800 MI. Laurel, NJ 08034 
(800) 327·5262 (609) 235-1900 Cleveland, OH 44131 WISCONStN 

Milgray Electronics, Inc. !216l477-1520 Hall-Mark Electronics Corp. 
GEORGIA 9801 Broken Land Pkwy 103 ~J~~~r~~;t~~~iCS, Inc. 

800 321-0006 16255 W. Lincoln Avenue 
Hall-Mark Electronics Corp. Columbia, MD 21046·1145 New Berlin, WI 53153 
6410 Atlantic Blvd. (301) 621-6169 Executive Campus OKLAHOMA 414-797-7844 
Suite 115 Marlton, NJ 08053 ~:!t~.~~~p~~:~:s Inc. Norcross, GA 30071 MASSACHUSETTS (609l983-5010 
(404) 447-8000 Diplomat Electronics, Inc. (800 257-780817111 Tulsa, OK 74129 

28 Cummings Park (918) 664-8812 
Milgray Electronics, Inc. Woburn, MA 01801 NEW YORK 

PENNSYLVANtA 17 Dunwoody Park, Suite 102 (617) 935-6611 ADD Electronics 
Atlanta, GA 30338 7 Adler Drive QED Electronics, Inc. 
!404l393-9666 Hall-Mark Electronics Corp. East Syracuse, New York 805 N. Bethlehem Pike 
800 241·5523 6 Cook Street 13057 Box 487 

Pinehurst Park (315) 437-0300 Spring House, PA 19477 
Billerica, MA01801 (215) 643-9200 
(617) 935-9777 Easylink No. 6293-1798 

INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 
~~~I~~l\N,SA~E.r::'i:: ' 
Starldard Microsystems ':' :,':.' 

2~~II~;ras"~~-~u~io'13J. '. 
D.8000~uenchen8,1;: 0 

,~ ,'}::' 

ARGENTINA 
Electroquimica Delta Ind. 
Compo Timoteo Gordillo 72 
COD Postal 1408 
Buenos Aires-R 
641-3193 
TLX: 21212 AR EDELTA 

AUSTRIA 
Othmar Lackner 
Elektron Bauelement und 
Gerate 
Landstr Hauptstr 37 
A-l031 Vienna 
43-222-75-26-18 

AUSTRALIA 
Total Electronics 
9 Harker Street 
Burwood, Victoria 3125 
03-288-4044 
TLX: AA31261 

BELGtUM 
Auriema Belgium S.A./N.V. 
Rue Brognezstraat 172-A 
B-l070 Brussels 
32-2-523-6295 
TLX: 84621646 

BRAZIL 
Filcres 
RuaAurora, 165 
CEP .01209, 
Caixa Postal 1 8767 
Sao Paulo 
011-223-7388 
TLX: 1131298 

Haltronics, Ltd. 
205 9th Ave, S,E. 
Suite 300 
Calgary, Alberta T2G OP8 
403-264-2121 
TLX: 038-21519 

Haltronics, Ltd. 
1085 North Service Rd. E. 
Oakville, Ontario L6H lA6 
416·844-2121 
TLX: 610-495-2664 

OENMARK 
Tage Olsen AJS 
BaUerup Byvej 222 
DK275D Ballerup 
45-2-658111 
TLX: 85535293 

FINLAND 
Instrumentarium Elek. 
P.O. Box 64 
SF·02631 Espoo 63 
35805284320 
TLX: 57124426 

FRANCE 
Teke!ec Airtronie 
Cite Des Bruyeres 
Rue Carle Vernel 
BP2 92310 Sevres 
33-14-5347535 
TLX: 204552F 

HONG KONG 
Protech Components Ltd. 
Flat 3, 
10lF Wing Shing Ind Bldg. 
26 Ng Fong SI. 
San Po Kong Kowloon 
3-255106 
TLX: 38396 PTLD HX 

INDIA 
Shivam Computers PVT Ltd. 
9 National Chambers, 
near DipaU Cinema Ashram 
Road 
Ahmedabad 
409161(0) 443488(R) 
TLX: 121539 TRCE-IN 

tSRAEL 
ROT Electronics Engr. Ltd. 
ATIDIM Advanced 
Technologies Pk. 
Neve Sharat 
Tel Aviv 
972-3492187,188,191 
TLX: 371452 or 92233551 

tTALY 
Dott. Ing. Guiseppe De Mico 
SPA 
Viale Villono Veneto 8 
20060 Cassina De Pecchi 
Milano 
02-95-20-551 
TLX: 330869 

JAPAN SOUTH AFRICA TAIWAN 
Internix, Inc. Eagle Electric Sertek International 
Shinjuku Hamada Bldg. 7·4-7 31-41 Hout Sireet 3 FI. No, 135 
Nishi·shinjuku, Shinjuku Ku Capetown 8000 Chien Kuo N. Road, Sec. 2 
Tokyo 160 Republic of South Africa Taipei 
02-537-5091 451421 02-501-0055 
TLX: 13579MSCG P TLX: 5-21713 TLX: 23756 SERTEK 

Tomen Electronics Corp. SOUTH KOREA UNITED KINGDOM 
1-1 Uchisaiwaj-Cho Kortronics Enterprise Golden Gate 
2 Chome, Chiyoda-Ku Room 307, B-9 Manhattan House 
Tokyo 100 #604·1, Guro-Dong, Guro-gu Bridge Road 
506-1670-6 Seoul, Maidenhead, Berkshire SL6 
TLX: 330869 634-5497 808 

TLX: MICROS K28484 44-628-75851 
NEDERLAND TLX: 851-847898 
Auriema Nederland BV SPAIN 
Doornakkersweg 26 AmitronSA Manhattan Skyline 
5642MP Eindhoven Avenida de Valladolid, 47 A Manhattan House 
31-40-816565 28008 Madrid Bridge Road 
TLX: 84451992 247-93-131248-58-63 Maidenhead, Berkshire SL6 

TLX: 45550 AMtT-E 808 
NORWAY 44-628-75851 
Henaco AJS SWEDEN TLX: 851-847898 
Box 126, Kaldbakken NAXAB 
Trondheimsveien 436 Box 4115 WEST GERMANY 
Osl09 17104 Solna Atlantlk Elektronik Gmbh 
47-2-16210 08·98-51-40 Fraunhoferstr. 11 A 
TLX: 76716 Hanac N TLX: 17912 0-8033 Martinsried 

49-89-8572086 
SINGAPORE SWITZERLAND TLX: 5215111 ALEC D 
Logic Devices PTE Ltd. DatacompAG 
68 Orchard Road Zuercherstrasse 20 Beka Electronics Gmbh 
#04-32 Plaza Singapura CH·8952 Zurich Schileren Bahnhofstrasse 42 
Singapore 0923 41-1-7302165 D-2000 Wedel 
3390022 TLX: 854553533 TLX: 49·410384061 
TLX: RS34811NHOME TLX: 2789582 

Tekelec Airtronlc Gmbh 
Kapauzinerstrasse 9 
8000 Munich 2 
49-89·51640 
TLX: 522241 
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STANDARD MICROSVSTEMS 
CORPORATION 

DATA COMMUNICATIONS 

USE WITH 
PART 

NUMBER: TITLE: NUMBERS: 

TN5-1 Using the COM8004 for High COM8004 
Data Integrity in Bit Oriented COM5025 
Protocols 

TN5-2 Using the COM9026 Local COM9026 
Area Controller and the COM9032 
COM9032 Local Area 
Network Transceiver 

TN5-3 MIL-STO-1533A and MIL- COM1553A 
STD-1553B Overview COM1553B 

TN5-5 VLSI Circuit Provides COM9026 
Complete Controller for COM9032 
Token-Pass Systems 

TN5-6 Low Cost High Performance COM9026 
Token Pass LAN COM9032 

TN5-7 COM7210 GPIB-488 Talkerl COM7210 
Listener Controller 

DISPLAY PRODUCTS 

AN1-7 Horizontal Scrolling with the CRT5037 
CRT5037 VTAC® 

AN4-1 CRT9006 Single Row Buffer CRT9006 
Enhances Processor 
Through-put 

AN4-3 Programming and Interfacing CRT9006 
to the CRT9007 CRT9007 

CRT9021 
CRT9212 

AN4-4 Next Generation CRT CRT9006 
Systems CRT9007 

CRT9021 
CRT9212 

TN4-2 CRT9007 VPAC® A Next CRT8002 
Generation CRT Controller CRT9006 

CRT9007 
CRT9021 
CRT9212 

TN4-5 CRT9028 VTLC'" A New CRT9028 
Video Terminal Logic 
Controller 

TN4-6 A Flexible Approach to Video 
Graphic Systems using the 
CRT9007 VPAC® 

CRT9007 

TN4-7 Variable Character Size with CRT9007 
the CRT9041 CRT9041 

APPLICATION AND 
TECHNICAL NOTE DIRECTORY 

FLOPPY DISK/HARD DISK 

USE WITH 
PART 

NUMBER: TITLE: NUMBERS: 

TN6-1 Principles of Digital Floppy FDC9216 
Disk Data Separation Using FDC9229 
FDC9216, FDC9229 or FDC9266 
FDC9266 

TN6-2 Improved Functionally HDC9224 
Simplifies Disk Controller 
Design 

TN6-3 FDC765A Circuit FDC765A 
Recommendation FDC9229 

TN6-4 Using the HDC9226 Hard HDC9224 
Disk Data Separator HDC9226 

TN6-5 Programming the HDC9224 HDC9224 
Universal Disk Controller 

TN6-6 Programming the FDC765A, FDC765A 
FDC9266 and FDC9267 FDC9266 

FDC9267 

TN6-7 HDC9224 Programmers HDC9224 
Reference Card HDC9225 

HDC9226 
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