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ABSTRACT 

A low-cost desk-top microcomputer was designed and fabricated 
using an Intel Model 8008 central processor module. Programs can 
be sequentially loaded into a 2K x 8-bit random access memory with 
an octal data entry keyboard. Other key operations include single­
point and sequential data readout, clear data entry, program 
interrupt, and program single cycle operation. Programs can be 
permanently stored in a lK x 8-bit programmable read-only memory. 
All circuits were realized with plug-in dual in-line integrated 
circuit modules and wire-wrap connections. 

This paper discusses applications of the microc~mputer as a 
training aid and for process control. A control program that 
operates a process simulator chassis is also discussed. Several 
test programs are included in the appendices. 

The list of references is a bibliography on microprocessors 
through September 1973. 
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I. INTRODUCTION 

1.1 HISTORY OF THE MICROCOMPUTER 

Recent advances in the state-of-the-art of microcircuit 
technology have made commercially available a large number of 
digital logic systems in the form of medium-scale-integration (MSI) 
and large-scale-integration (LSI) modules. These modules contain 
complex and large circuits combining the functions of many families 
of standard integrated circuit (IC) modules. The most significant 
development in this field has been the development and fabrication 
of the entire central processor (CP) of a computer on a single 
semiconductor chip, and is packaged in a single LSI IC module. I 

Several U. S. Manufacturers and one Japanese manufacturer have CP 
modules, in either the form of a single chip or a combination of 
several chips that contain all the processing power ,available 
in the early minicomputers. 2-6 

The first CP module, a four-bit parallel system, was in­
troduced in J 971, and an eight-bit version was ava'ilable in early 
1972. These two products, Model 4004 and Model 8008 by Intel 
Corporation, Santa Clara, California, began the "computer on a 
chip" revolution, which now involves the entire electronics in­
dustry. The Model 8008 is being used in more applications than 
any other available module; within the past year (1972-1973) the 
unit price has dropped from over $200 to around $120. 

1.2 THE MICROCOMPUTER'S IMPACT ON INDUSTRY 

Since the emergence of the CP chip, several complete micro­
computer systems have b'een developed using LSI modules. 7-11 

They are being offered primarily as original equipment manufacturing 
(OEM) products to be built into user oriented and user developed 
systems, Software support lS beginning to emerge on the scene, and 
microcomputer systems development products are available to reduce 
the costs of in-house systems development. 12,13 At least one 
company is marketing a complete l6-bit processor on a single 
printed circuit (PC) card. 

Other MSI/LSI products are being developed that can be used 
with the CP modules in microcomputer systems. IS Developments in 
improved semiconductor memory modules l6

- IB will lower systems costs 
and improve performance. At present, semiconductor static memory 
modules are readily available in maximum bit capacities of 1024-bit 
random access memories (RAMs), l6,384-bit read-only memories (ROMs), 
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and 2048-bit programmable read-only memories (PROMs). Dynamic 
RAMs are available in sizes up to 409p bits. 

Microcomputers are not yet presenting a serious threat to 
the larger minicomputer systems due to their lack of software and 
their relatively slower processing speeds. A typical micro­
processor executes an instruction in 10 to 60 microseconds. Faster 
modules using N-channel technology are being designed and should 
be available in 1974. Ten companies" are now deeply involved in 
the development of improved microcomputer modules and systems. 
Applications of future microcomputers should be limited only by 
the imagination of designers, programmers, and users. 

1.3 THE PROBLEM 

This research and development project was conducted to ex­
plore the potential use of presently available microprocessor 
modules in the areas of education and pro'cess control. A micro­
computer system was fabricated, and its design, operation, and 
potential applications are discussed in the following sections. 

A small, low-cost, general purpose computer is needed for 
use as a training aid for electronic engineers and technicians. 
In-house computer training is required to update engineers on 
computer hardware and software design techniques and to provide 
maintenance training for engineers and technicians. Textbook 
material on the subject needs supplementing with "hands on" ex­
perience with computers and digital logical circuits. The Desk­
Top Microcomputer can provide this better than a larger computer 
system. 

A low-cost microcomputer has unlimited uses in systems 
development and has direct applications to data formulating, data 
acquisition, and on-line process control. This project demonstrated 
the microcomputer's practicality and ability in these areas. 

The author assumes that the reader of this report has a 
thoraugh understanding of digital logic and computer systems. A 
detailed description and the operating philosophy of the CP module, 
Model 8008, used for the microcomputer system are not included in 
this report. The Intel Model BOOB was selected for its proven 
reliability and availability, low-cost, and single 16-pin dual in­
line package (DIP) module feature. The manufacturer's users manual 20 

contains complete documentation necessary for a thorough understanding 
of operation of the CP modUle. Tables and diagrams pertinent to the 
circuit design in this report have been excerpted from that reference 
and appear in Appendix A. 
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II. DESIGN OF THE DESK·TOP MICROCOMPUTER 

I I. 1 DESI GN OBJECT! YES 

Design objectives for the Desk-Top Microcomputer were to 
minimize the cost and overall size with state-of-the-art components 
and modules and to realize a system where all signals would be 
easily accessible for circuit tracing. 

With the training application in mind, the Desk-Top Micro­
computer was designed with a wide variety of logic circuit tech­
niques and modules. A straightforward logical approach was 
followed, resulting in circuit redundancy in a few instances, to 
allow easier troubleshooting and circuit tracing. For some logi-
cal functions, such as binary-to-octal decoding, standard transistor­
transistor logic (TTL) IC modules were used in lieu of an MSI module 
to demonstrate the different types of circuits. Programs can be 
entered and data read out as octal and binary numbers to help the 
student acquire proficiency with those numbering systems (Appendix B). 

11.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 

The microcomputer (Figure 2-1) is housed in a sloping panel 
desk-top cabinet (IO-in. x l4-in. base) with a hinged cover for 
easy access to all electrical circuits and components. The IC 
modules are plugged into a hinged socket assembly that can be 
supported in a vertical position to give access to the component 
side and the wire-wrapped circuit side, simultaneously (Figure 2-2). 
Light emitting diode (LED) assemblies are mounted in the hooded 
sloping panel section 'of the cabinet for easy viewing. The binary 
display lights are identified in groups of three so that displayed 
data can be quickly identified as octal numbers. All control 
switches and a l6-key keyboard data input are mounted on the top 
of the cabinet. 

The design was realized with TTL (primarily 7400 series), LSI, 
and MSI logic modules. Details and circuitry of individual modules 
are in. the manufacturer's design and applications handbooks z1 - z, 
and in Appendix C. Point-to-point wire-wrapping was used for 
electrical connections. This method of wiring was selected as it 
is the only method in permanent IC circuits fabrication that allows 
easy circuit modifications. Prototype circuits for testing and 
analysis were not necessary, since circuit corrections could be 
easily made. 
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FIGURE 2-1. The Desk-Top Microcomputer 
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A. View Of Component Side Of Socket I\Ssemo 

B. View Of Wiring Side Of Socket Assembly 

FIGURE 2-2. Microcomputer With Chassis Open 
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The IC modules are plugged into C.A.S.H' cards using dual 
in-line package (DIP) sockets with wire-wrap post connections. 
The cards are 2-1/2 x S-in. printed c~rcuit card assemblies with 
power and ground planes to minimize noise effects produced by 
switching transients. Decoupling capacitors provide power supply 
noise suppression. 

Power requirements for the system are +5 volts DC, 5.0 amperes, 
and -9 volts DC, 200 milliamperes. A compact +5 volt supply capablE 
of supplying 10 amperes is installed in the microcomputer. The 
extra five amperes can be used to furnish power for external devices 
connected to the system through the input/output (I/O) connector 
on the rear of the chassis. Negative voltage requirements are 
supplied with a voltage doubler and an IC module, Model LM304, 
vOltage regulator circuit (Figure 2-3). Only two devices in the 
system required -9 V power: the Model 1702 PROM and the MK 5009 
interrupt clock. 

Approximately 30 watts of 115V AC power are required for 
operation. An on-off switch and fuse are located on the rear panel 
of the cabinet to keep line noise pickup in the control signals at 
a minimum. 

L1 Power Supply + 
SR 1050-50 

L2 5V DC af lOA. }5V DC 
af lOA 

" 
O.~ ___ 

-

.. 
P-6134 

'"' 
3.9il MPS U52 -9 

6.3VL l1J -
6.Sl"F 

+ 
, -r,> 

2.2 il LM 304 

fit!- o ~® 2kQ3.3k il 
- j)@ , 

1001"' + 10000F ~" 2.4kil 
6.S",F + 

l-9V af 
200 mA 

FIGURE 2-3. Power Supplies Schematic 

* Registered trademark of Standard Logic, Incorporated, Santa Ana, 
California. 
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11.3 SYSTEM ORGANIZATION 

The basic hardware of the Desk-Top Microcomputer is the same 
as that of a typical full-scale computer system. The major com­
ponents of the circuit (Figure 2-4) are the central processor and 
timing logic, memory and control logic, data input keyboard circuitry, 
and the I/O logic. The next few sections discuss in detail the logic 
circuits. 

Each logic function, gate, flip-flop, etc., shown on the 
logic diagrams is numbered (for example, Al-2, D2-3) to give the 
location of the respective plug-in DIP module in a socket array 
(Figure 2-5). Pin numbers of the inputs and outputs are on the 
diagrams so that each signal can easily be identified when trouble­
shooting. The types of modules are specified on Figure 2-5. 

r-l LED Displays L 
I 

, 

InteruPt 

Central Processor 
and 

Timing I 

Keyboard Input/Output 
. 

- Memory 
and 

External Data I Cantrol 

FIGURE 2-4. Simplified Block Diagram Of Microcomputer 
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11.4 CENTRAL PROCESSOR AND TIMING 

The CP user's manua1 20 supplements the remaining material in 
this section. The reader will find it most useful to refer frequently 
to the manual during discussions of the CP and associated circuits. 

A one-megahertz (MHz) crystal oscillator module is divided 
by two with a flip-flop (Fl-2) to provide the basic SOD-kilohertz 
(kHz) timing for the Model 8008 CP module (Figure 2-6). Two 
single-shot multivibrators (Fl-3 and F2-l) generate the two-phase 
clock signals, ¢l and ¢2. Timing outputs from the CP are three 
state signals, SO' Sl' S2, and SYNC. These signals, along with 
the phase clock, are decoded and gated to provide all timing 
operations for the microcomputer (Figure 2-7). Output signals 
from an octal decoder module (Model 320S, C3-2) identify the eight 
states of the CP instruction cycle. 

IMHz 
Oscillator 

500 kHz 
Signal 

q,I(H) 
Clock 

q,2(H) 
Clock 

q,1(L) 
Clock 

q,2(L) 
Clock 

-

. 

-

5 05 r-0' fL', r- . fL'l 
i-

. 

. 

-

-
I 

FIGURE 2-6. Clock Signals Timing Diagram 
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A timing diagram (Figure 2-8) shows typical signals during 
the first memory cycle of an instruction. CP states Wait and 
Stopped are constant when the CP is idling in one of those states.· 
States TIl is substituted for the normal TI state during the first 
memory cycle if a program interrupt (INT) has initiated the cycle. 
During the memory address fetch portion of an instruction, logic 
signals LO ADDR(L)* and HI ADDR(L) gate the least significant 
byte and the most significant byte, respectively, from the CP 
address register on the CP data bus at states Tl and T2. 

LO ADDR(L) = [Tl(L) + TlI(L)]'[q,2(L)'SYNC(H)] 

HI ADDR(L) T2(H)'[q,2(L)'SYNC(H)] 

(2.1) 

(2.2) 

For instructions requiring an eight-bit byte of data to be inputed 
to the CP during T3 state, an "anticipated T3" state signal, AT3 (H) , 
is generated by a type D flip-flop (D4-3). This signal goes true 

~ 
c 
0 
~ 

u 
~ 

u 
~ 

0 

E 
~ 
::;; 

" u 
ii 
~ 

>-

SYNC (H) 

01 (H) 

02 (H) 

TI(H) 

La ADDR(L) 

T2(H) 

H; ADDR(L) 

AT3(H) 

n(H) 

T4(H) 

T5(H) 

Write (H) 
(occurs dunng +------+------t---' 
second or third 
memory cycle 
of an instruction) . 

FIGURE 2-8. Instruction Cycle Timing Diagram 

* An "H" and "L" in parentheses at the end of a logic signal name 
indicates a high-true or a low-true signal. 
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during the T2 state to ensure that data are on the bus before the 
CP is ready to read the data during the first half of state T3. 

When data are written into memory during the second or third 
memory cycle of an instruction, WRITE(H) is generated in state T3 
by a J-K flip-flop (Fl-2). The leading edge of WRITE(H) is synchro­
nized with $2(H)'SYNC(H) during the first half of state T3. Its 
trailing edge is synchronized with the trailing edge of $2(L) near 
the end of state T3. DRl(H) and DR15(H) must be true (Table 2-1), 
indicating a memory write operation, before WRITE(H) is initiated. 

TABLE 2-1. ADDRESS CONTROL BITS 

Data Register 
DR 15 DR 14 

o ° 

o 

° 

Instruction Function 

Address is for a memory read 
operation (instruction fetch 
cycle) 

Address is for a memory read 
data operation (additional bytes 
instruction or data) 

Data are for a command 
1/0 operation 

Address is for memory 
write operation 

Initial startup of a program is accomplished with the program 
interrupt circuitry. When the power is turned on, the CP clears its 
internal registers and stops in the Halt state. If the interrupt 
line (INT) is pulsed with a high-true signal, the CP enters the 
TIl state then proceeds through the complete program cycle, T2, T3, 
etc. During that program cycle a one-byte instruction is read in 
from the Interrupt/Instruction switches and executed. Normally, 
a restart instruction (RST) is set in the switches. RST is a 
one-byte instruction that calls a subroutine beginning at 
addresses 000, 010, 020, 030, 040, 050, 060, or 070 in the PROM.' 
These locations normally contain a jump instruction (JMP) to the 
main program located elsewhere in the PROM or RAM. For example, 
if instruction 065 was set on the Interrupt/Instruction switches, 

* All instructions and addresses in this report are given as 
octal numbers. 
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TABLE 2-2. TYPICAL STARTUP ROUTINE 

PROM Address 

060 
061 
062 

~ 
4000 
4001 
4002 
4003 

5000 

Octal 
Instruction 

104 
000 
010 

300 
300 
300 
300 
• 

• 
377 

Explanation 

Unconditionally jump 
to location 4000 
in memory. 

Program address 
counter has advanced 
to 4000; CP continues 
the program, sequentially . 

Program Halts at memory 
location 5000 

depressing the START key would initiate a startup program be­
ginning at address 060. A very simple program may jump to begin 
a more complex program at address 4000 (Table 2-2). 

The leading edge of INT is synchronized with SYNCH(H). The 
trailing edge of INT is synchronized with ¢2(H) near the end of 
T2 state (Figure 2-9). If the machine is operating in a normal 
RUN mode (Single Cycle switch in down position), the program con­
tinues to run until a HLT instruction is received. With Single 
Cycle mode selected, ready signal (RDY) to theCP is initially 
inactive, or low. Depression of START key will activate RDY long 
enough for the initial one-byte instruction to be executed and 
will return to its inactive state at the end of state T2 of the 
following instruction. The CP will then stop in WAIT state. 
Each time the SINGLE STEP key is depressed, the CP will execute 
one memory cycle and return to the WAIT state. 

An interrupt clock may be turned on to initiate a program 
interrupt at approximately one-fourth-second intervals. The 
frequency can be changed by rearranging jumpers (pins 11-14, E3-S) 
of the MKS009 module (Appendix C, Section C.3.). 
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11.5 MEMORY AND MEMORY CONTROL 

Sixteen bits (two bytes) of data from the gated CP bus outputs, 
MDO-MD7, are clocked into MSI register/counter modules, Model 74197 
(Figure 2-10, Modules Bl-l, B2-l, B3-l, B4-l), with LO ADDR(L) and 
HI ADDR(L). The most significant two bits are for control purposes; 
the remaining fourteen are for memory address or data. Two octal 
decoders (El-4 and El-5) provide eight memory select lines for 
PROM selection and four lines for RAM modules. When operating in 
the Manual mode, MAN EN(H) disables the CP bus to the No. 74197 
module inputs and enables the Address switches on the control console. 
For this condition, LOAD DR(H) latches the Address switch to the 
register/counter. In Manual/Increment mode, INC DR(L) increments 
the counters each time a new memory data byte is deposited or examined. 

The PROM modules (Figure 2-11) are Model 1702 metal oxide semi­
conductor (MOS) P-channel devices,21 each containing 256 eight-bit words 
complete with decoding logic. The memory chip may be erased by exposure 
to ultraviolet light through the quartz lid and reprogrammed with an 
external programmer. Four PROMs may be plugged directly into the 
circuit (sockets Cl-l, Cl-2, C2-l, C2-2). Select lines ~Sl-8) are 
available for a total of eight PROM modules. 

The RAM modules are Model 2602 MOS N-channel devices,24 each 
containing a 1024 x I-bit memory array with decoding logic. These 
devices, static RAM modules, were selected so that refreshing logic, 
required for less expensive dynamic RAMs, was not necessary. Also, 
the 2602 modules require only a 5-volt power supply. Read-time and 
write-time are approximately one microsecond each. Sixteen RAM 
modules may be plugged in for a total RAM capacity of 2000 x 8 bits. 
Each lK RAM module is activated by one of four select lines, CS9-l2. 

As both N-channel and P-channel devices are involved, the 
outputs of the PROM and RAM modules cannot be directly OR-tied or 
bussed together. These modules are connected through NOR gates. 

Address inputs for the memory are DRO (H)-DR9 (H) , outputs from 
the register/counter latch modules (Figure 2-10). Data inputs are 
MDO-MD7 from the CP bus and DIO-D17 from the data input keyboard. 
Write command signals for the RAM are WRITE(H) from the CP control 
circuitry and LOAD RAM from the data keyboard logic. When not 
enabled with a CS select line, the PROM and RAM modules are in a 
high impedance output state requiring pull-down resistors at the 
outputs to hold the gate inputs low (E2-l, E2-2). 

- 23 -



N ... 

., 

, 

~ , 
I 
; 
: 

"tc-, • e ~ LO AOOR 
17 ~01-3 ;; . 

LOAO OR 

L'( ~ ( 
I-l::> , 3 01-3 

HI AOOR 
'V 

.... '" on 'It!">N-c:Io 
<C<C<Cc(<C<C<C<C INC DR 

" i COB 
I ~ B , 

I ~BI-2 3 
,- ~3 BI-I 

~ 1. L 
~. 10 74197 , I , 

I-- • • !5 81-2 
~81-3 

~8 .= , 
I I-- ~ I, ,,-<--

I" " 13V" 
Iii 

I--- ~BI-3r ~ 
I I , ~I e 

I-- 2 82-3 
, ~~ 82-1 

• f.l · ". !5d B2-2 6 10 
74197 I- ~ .;: • 

~B2-3 e IO~82-2 8 
, , 

I- " " " 1~82-211 "r.;,J I--- 1~82-! " ~" ,::::: ,~ • I B ~B3-2 3 

~ ....,gJS3-3 
, 

83-( f.l" • • ~83-2 6 10 

l- S 74197 5 83-3 ."- • • , , 
I- ...il 83-3 

B 10 83-2 8 

" " " I~B3-2 II " I-- 13 83-3 ~) 
I I 8 I 

2::'184-2 3 4 
I-- 2 84-3 3 84-1 til • '~I • 0 

t- ~84-3 • !5 84-2 74197 • 
~8 , , 

MAN EN 
12 

~~ II " 13~ 
'I" CLR OR 

;; ;; ;; ;; 

~ ( ~( ~ ( ~ ( 

• • 8 10 

c.,~ L D.. /. , • " 13 

, 

I 

Add ..... LiQht, . 
;; ;; ;; ;; ;; . 

~ ( ~ C ~ ( ~ ~ ~ ~ ~ , 

12 , • • :l:L ), /.,).." .... i,')" /. 
I , 

" 

~ 
I EI-4 dLcSI , 

~CS2 
3205 , ~CS3 

fY:L-CS4 

• , 
pl.L....CS!5 I· 

.j p12-CS6 

p-L-CS7 

., 
• . . ;; 

MSB 
~ . ~ C ( ~ ( <l 

12 2 4 6 e 

" L ,1 ",\ ,,;;\ L\ 
I , , • f----

PROM Select Lin .. 

I 

OR(lI L 
ORt L 
OR2 L 
OR3 L 

8R4 L 
R!5 L, 

OR6 L 
OR7 L' 

8=,(H) 
DR, 
DR, 
DR4 
DR, 
DR. 

8R7 
R8 

8HfD 
ORII 
DR 12 
ORI3 

8~l~(H) 

5 pL-CS8 
gJ"'2, 

.~ l'~' • ~EI-2 • I EI-!5 

32015 I. , , 
i " 
~ 
~ 

+!5 _.J?...j 
'-------

, <l- • 

• I 8 

• 
F " I t31EI-2 

RAM 
SeleOf 
Lin .. 

FIGURE 2-10. Memory Control Logic Diagram 



N 

'" 

Q~ 
'0 
C. c 

o • 
13~ 

FHi 

IDA .1.9 
~ 

OR.e H 8 
ORl .. AI-4 AI-!:! A2-4 

DRZ :I I 0 hi 
OR! E\ 'n 

R4 7.£ 260l 

'RO ; ~~. 
DRS ':: (I) 

ORr 16 T 
ORE:! 15 

001'2 

2602 

f-
2602. 

DR9 HI4 C 

" -v -v 
059 

81-4 " , 82-4 

2602 2602 2&02 

TY 

CSIOJ 

r 

01' r: III fOl_~2 
OR3 §~~ ~ 'm ~---~ 
DR4 .;8 
ORO ~09 

DR6 g: r'O~--~ 
OR? _<f) Lj",' ___ --" 

cs ' r-
cs-, C5-2 

N 
N ' 

is il 
5.6J.4 

,F!_ 

A2-5 

2602 

y 

82-:1 

2602 

T 

~,ol 
~M2 

•• 
" 0 o. 

'k.}' 
,F!-' 

3 

f-

H 

A3-4 

2602 

83-4 

2602 

v 

"Lc---..,. r-: ~M3 

.~ 
co 
O' 
13~2 

,f3. 

f-

. ~ 
is i] 

'OkJl9 
f3. 

j '3-' I­

.:=/2602 

,---v 

83-0 

2602 

A4-4 

2602 

,----.;> 

84-4 

2602 

" 
~ 
~.4-i 

I~ 'e 1M!! 

'P If' 
c !i 
'M-

,F 

f-
, 

---' 
-, 

=1 

-4 

r 

A4-0 

, 
" CO o. 

'b..O' 
f3. 

f-
2602 

:rr 
B4-!S 

2602 

'f 

~ 
--.J 1702 ~ 

~n 
~ 1702 ~ 

~~&~~*"~~3 
I 2. ~ }ts Va ~o \<.'2 ~ Y. 
~"cb cb ~ ~ ~ ~ riP·S

• 

M.mory 
Doto 
Light' 

-j 

CS~3 CS'-4 

<; iO~ 05 ili~ ii5~ iii iij$ iii 

"-----L_-L_"-----'-_-L_L---L_ +. 
Not,: (I) Conn.ctlons tor Gil 2602', tom. o. AI-4 modul •. 

{2l Connlcllonl for 011 1702', 101M at CI-I modul •• 

FIGURE 2-11. Memory Modules Logic Diagram 

., 



II.6 INPUT/OUTPUT LOGIC 

The I/O instructions, INP and OUT, are two-cycle instructions. 
During the second memory cycle, the instruction is transferred 
from the CP internal register "b" to the data bus at T2 state; the 
memory register/counter then contains the instruction. By decoding 
DR9(H)-DR13(H), the circuitry determines whether the instruction 
in progress is input or output and decides which one of the eight 
I/O conditions to activate (Table 2-3). Inverters and gates, TTL 
modules, make up a binary-to-octal decoder (Figure 2-12) to decode 
DR9(H)-DRll(H) for eight output pulses, OUTO(L)-OUT7(L). These 
pulses can be used to load latches with data from the CP accumulator, 
DRO(H)-DR7(H),. or can be used alone as output control pulses. One 
output pulse, OUTl(L), is used to latch data into an eight-bit 
register (D5-4, D5-3); the outputs are displayed on the control 
console. OUT7(L) is connected to clear the DATA-l register. The 

__ I/O pulses occur at T3 state in the C~ cycle. Only four input 
control pulses are operative. INPO and INPI control inpu~ 
to a multiplexer (Model 8267, E4-4, E4-5).2" The multiplexer 
control signals, 52-0(L) and 52-1(L), gate in data through 
the I/O connector (pins 19-26) and the console DATA-l switches, 
respectively, to the CP data bus. The foIlowing equations for 
OUT7(L) and INO(L) show the timing relationships: 

OUT7(L) = [AT3(H) • DR14(H) • DR15(L)]'[DR12(H) 

+ DRl3 (H)] • [DR9 (H) • DRl 0 (H) • DRll (H)] 

INO (L) = [AT3(H) • DR14 (H) • DRIS (L)] [DR12(H) 

• DR13(H)]'[DR9(H) • DRIO(H) . DRll (H)] 

TABLE 2-3. INPUT/OUTPUT INSTROCTIONS 

Data Re9ister Bits Decoded 

DRl5 DRl4 DRl3 DRl2 DRll DRlO DR9 

Conditions 

0 X X X X X I/O instruction in 
progress. 

(2.3) 

(2.4) 

0 0 0 X X X Input instruction in 
progress. 

0 1 0 X X X Output instruction in 
0 0 1 X X X progress. 

0 X X 0 0 0 I/O Devi ce 0 
0 X X 0 0 1 I/O Device 1 
0 X X 0 1 0 I/O Device 2 
0 X X 0 1 1 I/O Device 3 
0 X X 1 0 0 I/O Device 4 
0 X X 1 0 1 I/O Device 5 
0 X X 1 1 0 I/O Device 6 
0 X X 1 1 1 I/O Device 7 
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A second multiplexer on the CP data bus (E2-4, E2-5) controls 
data from memory, MO-M7, and the Interrupt/Instruction Switches. 
Multiplexer control signal, Sl-l(L), ts active for memory data; 
Sl-O(L), for an interrupt. The following equations describe their 
logic: 

Sl-O(L) = INT RQ(H) " [AT3(L) "SYNC(L)] " [DR14(H) 

+ DR15(H)] 

Sl-l(L) = INT RQ(L)" [AT3(L) "SYNC(L)] " [DR14(H) 

+ DRlS(H)] " [DR14(H) + DR15(H)] 

11.7 DATA KEYBOARD 

(2.5) 

(2.6) 

The data keyboard provides a unique method to load octal 
program instructions into the RAM (Figure 2-13). The keyboard 
is a matrix of 16 Hall-effect pushbutton switches; the outputs 
are a "bounceless" high-true logic level when activated. Only 
10 keys are wired for circuit functions. A sixteen-to-four line 
encoder module (Appendix C, Section C.2) converts the active 
key signal to a binary-coded-decimal (BCD) code. The depression 
of three consecutive octal keys loads an eight-bit register 
(A3-2, A3-l, A2-l, A4-l), generates LOAD DR to load the memory 
address register from the console switches, generates LOAD RAM 
to write the instruction into memory, and also increments the 
memory register with INC DR when operating in Increment mode. 
The memory register is cleared with CLR DR when the first in­
struction of a sequence is entered. A Mod-3 counter (A4-2) 
steers the first entered digit to the two most-significant bits 
in the data register (A3-2); the second digit, to the next three 
bits; and the third digit, to the three least significant bits. 
When the third number is depressed, LOAD DR is activated (D2-l); 
when released, LOAD RAM is generated from a single-shot multi­
vibrator (El-l). 

A READ OUT key clears the memory address register, CLR DR, 
and loads the register with the console switch address, LOAD DR. 
In the Increment mode, the next READ OUT key depression increments 
the Address register with INC DR and reads out the next memory 
location. Memory data and addresses are displayed on console 
indicators. The Single Entry mode inhibits INC DR (D2-2). 

A CLEAR ENTRY key clears the data register and Mod-3 counter. 
A RESET switch clears data register, I/O register, Mod-3 counter, 
and the memory address register. Outputs from the data register, 
DI-O - DI-7. are OR-ed with CP bus data at the inputs of the memory 
modules. 
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II.S PROCESS SIMULATOR 

A separate chassis was designed and fabricated to demonstrate 
typical I/O capabilities of the microcomputer. This unit contains 
hardware to simulate a typical plant process. The microcomputer 
and the process simulator (Figure 2-14) are connected with a cable 
from the 1/0 connector on the microcomputer. 

Two eight-bit latches (X10-Xl2) and two output control pulses 
[OUT2CL) and OUT3(L)] store data from the microcomputer when the 
instructions (OUT2 and OUT3) are executed (Figure 2-15). Outputs 
from the latches are connected to digital-to-analog converters 
(DACs) and LED display lights. One DAC (X4) is connected to a 
microammeter. Analog outputs (O-IV DC) are connected to BNC 
connectors on the rear of the simulator chassis. 

Two flip-flops (X9) provide controls for high and low level 
alarm lights and a buzzer. To turn on the high alarm condition 
the microcomputer's accumulator must be loaded with a number that 
has bit-O (LSB) true and bit-l false just prior to the execution of 
OUT4 instruction. To set the low alarm, the accumulator must con­
tain bit-O false and bit-l true prior to execution of OUT4. 

An analog-to-digital converter (ACC) derives its O-IOV input 
from a ten-turn potentiometer in a voltage division network. The 
eight-bit output from the ACC connects to an input data port in 
the microcomputer. The output instruction, OUTO, resets the AGC 
with the leading edge of pulse OUTO(L) and starts the next con-

FIGURE 2-14. Microcomputer With Process Simulator 
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version with its trailing edge. Approximately 200 microseconds 
are required for an eight-bit conversion because the program must 
allow for that delay between aUTO instructions. The ADC holds the 
digital data from a conversion in its'internal buffer register 
until a reset pulse is received. 

The +SV power for chassis is supplied from the microcomputer 
power supply. A DC-DC power converter, Model lS/lOO-DS, supplies 
±lSV to the analog modules. 
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III. OPERATION OF THE DESK· TOP MICROCOMPUTER 

111.1 DESCRIPTION OF INDICATORS AND CONTROLS 

111.1.1 Memory Address indicators 

The Memory Address Indicators (Figure 3-1) are a group of 
fifteen LED indicators that display the fourteen least significant 
bits from the register/counter modules connected to the CP data 
bus. The most-significant bit of the display is inoperative and 
is installed for aesthetic purposes only. Memory addresses from 
the CP bus or the Memory Address switches are latched in this 
register. 

FIGURE 3-1. Microcomputer Controls And Disp1ay 
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111.1.2 To Memory Indicators 

The To Memory indicators are a &roup of eight LED indicators, 
which display data that are presented to the RAM from the input 
keyboard. 

111.1.3 From Memory Indicators 

The From Memory indicators are a group of eight LED indicators, 
which display data that have been entered and read out by the keys. 

111.1.4 I/O Device No.1 Register 

A one-byte (eight-bit) latching register stores output data 
during execution of OUTI instruction. 

111.1.5 Control Bits Indicators 

Two LED indicators, CO and CI, display the two most significant 
bits of the two-byte (16-bit) register/counter on the CP bus output. 
These two bits indicate the type of instruction that is being 
executed. 

111.1.6 Halt Indicator 

The HALT LED indicates that the CP has received an HLT 
instruction and is in the Stopped state. 

111.1.7 Wait Indicator 

When the WAIT LED is on, the CP is in its Pause, or Wait, 
state and is awaiting a true condition on the Ready (RDY) input 
line (Appendix A, Section A.3). This is the state in which the 
CP "waits" during Single Cycle operations. 

III.l.B Data Input Keyboard 

Ten keys are operative on the 16-key, Hall-effect type key­
board: 0-7, READ OUT, CLEAR ENTRY. The 0-7 keys are used to 
enter instructions or data as three-digit octal numbers into the 
RAM via an eight-bit data register. The READ OUT key is used to 
read out data from memory. The CLEAR ENTRY key can be used to 
clear the data register, if a mistake has been made while keying 
in the first two (most significant) octal digits of data. 
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111.1.9 Memory Adress Switches 

The starting address in a sequence of memory locations to be 
deposited into or to be examined is set up with the 15 MEMORY ADDRESS 
switches. The most significant digit switch is inoperative and is 
installed for aesthetic purposes only. 

111.1.10 Interrupt Instruction Switches 

A single-byte instruction that will be sent to the CP during 
a program interrupt cycle is set up on the eight interrupt/instruction 
switches. These switches are read during a CP startup to enter an 
initial restart (RST) instruction. 

II 1.1.11 Input Data Switches 

Eight Input Data switches are read into the CP accumulator 
during execution of INPI instruction. 

111.1.12 Control Push Buttons 

Two of four control push buttons are operative. The START 
button initiates a program interrupt CP cycle to start a program. 
The CONTINUE button is used to "single cycle" through the memory 
cycles of a program in the Single Cycle mode. 

111.1.13 Mode Switches 

Program interrupt requests are sent to the CP from an interrupt 
clock when the Interrupt Clock switch is in the up position. Down 
is the normal operating position for the Single C?c1e switch. When 
in up position, a prog.ram can be single-cycled with the CONTINUE key. 

111.1.14 Manual Switch 

With the MANUAL switch (a bat-handled toggle) in the up 
position, data can be entered into the memory from the DATA INPUT 
keyboard, or the memory contents can be examined by depressing 
the READ OUT key. Down position, RUN, is normal operation when 
a program is being executed. 

111.1.15 Increment Switch 

This toggle switch selects the SINGLE ADDRESS or INCREMENT 
mode for data key entry and memory data examining operations. In 
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the SINGLE ADDRESS mode, the address is not incremented during the 
keying operations. In the INCREMENT mode, the address is in­
cremented automatically after having ~een deposited with data or 
examined. 

III.1.16 Reset Switch 

The RESET switch is depressed to clear the MEMORY ADDRESS and 
the TO MEMORY register. 

III. 1. 17 I/O Connector 

This 36-pin connector on the rear of the microcomputer chassis 
is used to connect an external device. 

III.2 OPERATING PROCEDURES 

III.2.1 General 

The microcomputer may be operated as described in the next 
four sections. The operating instructions given are very general 
and do not describe the only methods of operation. 

III.2.2 Program Operate Mode 

To operate a program in the Desk-Top Microcomputer, the 
following procedure may be followed (assuming the PROM has been 
previously programmed and contains the desired programs to be 
run): 

1. Turn on the AC power. The CP automatically goes 
through an internal procedure to clear its registers, 
then stops in the HALT state (HALT indicator should 
be on). 

2. Set Manual/Run switch to RUN. Set both mode switches 
to down position. 

3. Refer to Appendix A, Section A.4. Set the Interrupt/ 
Instruction switches with an RST instruction to start 
the machine with a routine stored in PROM address 
ODD, 010, 020, 030, 040, 050, 060, or 070 (see Table 
3-1 for Memory Allocations) . 
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TABLE 3-1. MICROCOMPUTER MEMORY ALLOCATIONS 

Memory Type 

PROM 

RAM 

PROM, ROM, 
or RAM 

Octal Address 

000-377 
400-777 

1000-1377 
1400-1777 

2000-2377 
2400-2777 
3000-3377 
3400-3777 

4000-5777 
6000-7777 

10000-11777 
12000-13777 

14000-37777 

Circuit Status 

Can be directly plugged into 
24-pin IC sockets (256 x 8 bits 
per module). 

Decoding logic provided 
(reserved for future circuit 
expans i on) . 

Can be directly plugged into 
16-pin IC sockets (8 sockets 
per lK x 8 RAM). 

Decoding logic provided 
(reserved for future circuit 
expans i on). 

Additional locations that can 
be accessed by Central Processor. 

4. Depress START button. The program will be executed, 
starting at the PROM address specified in the RST 
instruction. 

5. To stop program, set an HLT instruction on the 
Interrupt/Instruction switches. Depress START key. 

6. To continue with the next instrUction in sequence 
after HLT, set a NOP (no operation) instruction* on 
the Interrupt/Instruction switches. Depress START 
key. 

7. When the program Interrupt Clock is turned on,interrupt 
signals are executed at the rate of the clock frequency 
(hardware controlled) .. This operation is similar to 
continuously depressing the START key; therefore, the 
desired interrupt instruction must be set on the 
Interrupt Instruction Switches. 

*The octal code for an NOP instruction is 300. 
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111.2.3 Single Cycle Mode 

For program debugging or hardware maintenance purposes, a 
program may be "single cycled" so that registers can be examined 
during the execution sequence. The following procedure will 
operate the processor in that mode: 

1. Follow procedures 1 to 3 in Section 111.2.2. 

2. Switch to SINGLE CYCLE mode. 

3. Depress START key. Computer will execute the first 
instruction (normally a single-cycle RST instruction) 
and stop in the WAIT state (WAIT indicator on) . 

4. Depress SINGLE CYCLE key. The first cycle* of the next 
instruction will be executed, and the processor will 
again stop in the WAIT state. 

5. Continue to depress SINGLE CYCLE· key to step through 
the program. 

6. At any place in the program, press the SINGLE CYCLE 
switch down to return to normal continuous operate mode. 

111.2.4 Data Input Mode 

The following procedure may be followed to enter data into 
the RAM or to examine the contents of the PROM or RAM: 

1. With the machine in the HALT state, depress RESET. 

2. If a sequence of addresses is to be loaded with data 
or examined, switch the control switch to Increment. 
During each deposit or examine operation, the address 
register will be incremented. 

3. Set the Manual/Run Switch to MANUAL. 

4. Select the address (or starting address in a sequence) 
wi th the Memory Address switches. 

5. To deposit information into memory, simply key-in the 
information as a three-digit octal number (the most 
significant digit first). For example, to enter all 

* An instruction may require from one to three cycles to complete 
its operation (see Reference 20, p. 16). 
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"1' s" in a location, depress keys 3, 7, 7. After that 
operation, "377" should be displayed on the To Memory 
and From Memory registers. The address in which the 
number was deposited will be displayed on the Memory 
Address register. Enter the next datum, if operating 
in the Increment mode. 

6. If a mistake is made while entering the first two digits, 
depress CLEAR ENTRY and key-in the corrected number. 

7. To read out information in the PROM or RAM, follow steps 
1 to 4 above, then depress the READ OUT key. 

111.3 PROGRAMMING PROCEDURES 

Routine test programs, startup programs, common subroutines, 
etc., may be permanently stored in four 256 x 8-bit PROMs (Model 
l702A modules) and plugged into 24-pin module locations (Cl-l, 
Cl-2, C2-l, C2-2, Figure 2-5). Programs may be changed by re­
programming* the PROM or by exchanging PROM modules. For program 
development, instructions can be easily entered, examined, and 
altered in the RAM, using the data input keyboard methods. 

The Desk-Top Microcomputer is programmed in machine language. 
Appendix A, Section A.4 lists the basic instruction set for the 
Model 8008 CP and contains a minimum of information needed to write 
simple programs for the microcomputer. The user should be thoroughly 
familiar with the operation of the Model 8008 CP and programming 
methods before attempting to write more complicated programs. 
Many short and simple programs were written during the testing of 
the microcomputer; several typical programs are listed and described 
in Appendix B. 

The special I/O ~nstructions for this microcomputer and the 
associated process simulation chassis are defined in Table 3-2. 
The microcomputer has decoding logic to read-in four input devices 
and to output data to eight devices. These signals along with the 
CP data bus signals are wired to the I/O connector on the rear of 
the chassis. Additional logic could be added to provide more inputs 
and outputs. 

A large number of single-pulse output functions, such as flip­
flop clocks to turn relays, etc., on and off, clock pulses to operate 

* Specifications for the l702A PROM and detailed discussions on 
programming and erasing the module are in Reference 21, page 3-7. 
A manual PROM programmer was fabricated during this study. 
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counters, sample-and-holds, multiplexers, and ADCs, can be generated 
by the microcomputer with a single output instruction. Hardware 
decodes the data on the CP bus at the time the instruction is 
issued. 

TABLE 3-2. LIST Of SPECIAL INSTRUCTIONS 

Octal Instructi on 
Mnemonic Code Descri~tion of O~eration 

INPO 101 Read the ADC into the accumulator. 

INPl 103 Read the Data 1 switches into 
the accumulator. 

OUTO 161 Reset ADC and start next 
conversion. 

oun 163 Write the content of the 
accumulator into the I/O Device 
No.1 register. 

OUT2 165 Write the content of the 
accumulator into the OUT-l 
register on the Process 
Simulator chassis. 

OUB 167 Write the content of the 
accumulator into the OUT-2 
register on the Process 
Simulator chassis. 

OUT4 171 Send clock pulse input to the 
alarm flip-flops in the Process 
Simulator chassis. 

OUT7 177 Clear the I/O Devi ce No. 1 
register. 

- 40 -



IV. APPLICATIONS 

IV.l. TRAINING AID 

The Desk-Top Microcomputer, a miniature version of a general­
purpose computer system, is inexpensive, easy to program, and 
easy to operate. The microcomputer could be applied most effectively 
to practical computer systems problems in an electronics laboratory. 

A large computer system is covered up in complex peripherals, 
high level software, and complex operating procedures. Exposure 
to that type system often overwhelms a trainee to the extent that 
he cannot comprehend the fundamentals of the system. Using the 
microcomputer, fundamental design problems and maintenance tech­
niques could be taught at the work bench level. The same techniques 
could then be applied more easily to the larger, more-complex 
systems. 

IV.2 PROCESS CONTROL 

The primary aim of this study was to design and develop micro­
computer hardware; very little effort was expended on system 
software. A simple, but practical, program was written to demon­
strate the microcomputer's ability to monitor and control a process. 
The program (Figure 4-1 and Appendix D) was stored in the PROM, be­
ginning at address 70. 

The first few steps in the program are to feed ~he initial data 
into the registers, to clear internal and I/O registers, and to set 
the memory registers for a temporary storage location in the RAM. 
The ADC data are then read into the accumulator* and displayed on 
the OUT-l register and the analog meter on the simulato~chassis. 
The ADC is reset, and a new conversion is initiated with the in­
struction OUTO. ADC data are then tested for a Hi Alarm condition.** 
If the ADC data are greater than the Hi Alarm setting, the Hi Alarm 
is turned on, and the program cycles back to program address 104 to 
read the ADC again. 

* ADC data are zero on the first pass through the program. 
**Hi Alarm condition is set up with Data-l Input switches on the 

console and can be changed while the program is operating. 
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>.;.Ye"S'-_-o-i Set La Alarm 
(Clear tii) 

FIGURE 4-1. Control Program Flow Chart 

If ADC data are less than or equal to Hi Alarm, ADC data are 
tested for Lo Alarm condition.* If Lo Alarm is greater than ADC 
reading, the program jumps to location 137 to test Register C 
for C = 1. Register C will equal zero on first pass only, so it 
will be incremented on the first pass. Program returns to location 
104 to read new ADC value. If C = 1 in the above test, the Lo 
Alarm will be turned on, and the program will return to location 
104. If Lo Alarm setting is less than or equal to ADC data, both 
Hi Alarm and Lo Alarm conditions are cleared, and the program 
returns to location 104. 

An interrupt subroutine beginning at location 40 was written 
to increment I/O Device No. 1 display register on the control con­
sole each time an interrupt occurred. After the main control 
program has been initiated by RST instruction 075, the interrupt 
subroutine is started by setting the Interrupt/Instruction switches 
to 045 and then turning on the Interrupt Clock. After implementing 
the subroutine, the CP returns to where it left the main control 
program. 

* Lo Alarm condition is set by software and is 1/8 of the full 
scale value in the program discussed. 

- 42 -



The ADC has a maximum conversion time of 200 microseconds. 
In the main control program, ADC conversions are initiated at 
300 to 500 microsecond intervals. Data to and from the process 
are transferred in eight-bit bytes. Using standard two's complement 
notation, bipolar data accuracy in the digital system would be 
±0.8% full scale. Unipolar data would apply in many applications; 
accuracy would then be ±0.4% full scale. 

IV.3 INTERFACING TECHNIQUES 

The INP instructions of the CP instruction set provide 
reading in an eight-bit data word from one of eight addressable 
locations. The data words must be multiplexed to the CP data bus 
with appropriate external logic. Up to 256 data sources may be 
read into the CP with each of the eight possible INP instructions, 
if the external input logic is designed to use this "bonus" feature 
of the CP operation. When INP is executed, the CP accumulator 
data (Register A) are latched into the external 74197 modules with 
LO ADDR(L) during Tl state. During T2 state, the INP instruction 
word is latched into the register with HI ADDR(L). These data 
contain the binary address (DR9-DRII) and are decoded for the 
eight possible INP instructions. If an eight-bit address is 
loaded into the accumulator prior to executing an INP instruction, 
DRO-DR7 Can be externally decoded during Tl state to give 256 
additional address combinations for each INP instruction. As many 
as 2048 input devices may be addressed and read into Model 8008 
CP. Although it is called an input instruction, INP pulses could 
be used as output pulses to trigger flip-flops for control alarms, 
indicators, process valves, etc. 

The OUT instructions are executed exactly as INP except that 
states T4 and T5 are missing. T5 is used by INP~o read in the 
eight-bit external data word. During T2, 24 devices may be addressed 
with separate OUT instructions. By decoding DRO-DR7, 256 additional 
address combinations are available for each OUT instruction. If one 
OUT instruction were designated to strobe an eight-bit data word 
to an external device, an additional OUT instruction could be used 
to send the data to anyone of 5888 external devices. 

Operating a process with an 8008 CP servicing 2048 inputs 
and 5888 outputs is not recommended. However, if two-byte (16-bit) 
transfers are desirable to get better accuracy, a few of the extra 
INP and OUT instructions may be useful. 

An additional interfacing design feature that was not used 
by the Desk-Top Microcomputer is the decoding and outputing of 
four CP condition flip-flops (5, Z, P, C) during an INP instruction. 2o 

These flags on DRO-DR3 at T4 state may be used for conditional I/O 
transfers. The Model 8008 CP has extremely powerful I/O capabilities. 
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V. CONCLUSIONS 

The Desk-Top Microcomputer has demonstrated that it is both 
feasible and practical to use microcomputers in educational and 
process control applications. Actually, microcomputers are already 
appearing in many other application areas. so It is evident by 
the dates of the publications in the Reference section of this 
report, that this is a new area of work in electronic engineering 
(all reference material that could be assembled was published during 
the duration of this project). 

The engineer must become more "systems oriented" in his approach 
to a design problem. He also must become more involved in computer 
systems software and will be required, in many applications, to 
write programs at the machine language level. 25 Not only will 
engineers soon be using these modules in system designs, they may 
be using a microcomputer to design and develop digital systems. 26 

Although the present microcomputers have not presented a 
serious threat to minicomputer systems, due primarily to limitations 
in speed and software,l' strong indications are that microprocessors 
to be introduced within a year may do just that. 27 In many applica­
tions microcomputers already have the capability and the low price 
tag to replace basic minicomputers. 28 Microcomputer applications 
were a main topic at the Wescon Show in San Francisco, September 1973. 2 ! 

Microcomputers already have the specifications required to 
do most process control and data logging. The eight-bit data 
word gives better than 1% accuracy and data sample rates can be 
easily satisfied for many routine systems. Double-precision 
(16-bit) data words could be implemented for many processes that 
have low sample rate requirements. A system could be designed 
in a hierarchy configuration using a large number of microprocessors 
dedicated to simple tasks and being controlled by a more-sophisti­
cated supervisory system. Many hardwired digital systems could 
be replaced with microprocessors and firmware. 31 One company has 
introduced a line of digital logic plug-in modules incorporating 
an LSI CP module and associated circuits, and the user can purchase 
a microprocessor system as a "do-it-yourself" kit. 32 

This study revealed the usefulness of the new LSI modules; 
however, it also revealed the difficult mechanical and electronic 
problems that are involved in the over-all design and fabrication 
of a system using these modules. The maintenance of these sophis­
ticated electronics systems will require highly skilled electronic 
technicians. 
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APPENDIX A. THE CENTRAL PROCESSOR 

The CP module used in this design was the Intel Model 8008. 
It was selected due to its proven reliability and availability, 
low cost, and single l6-pin DIP module feature. The manufacturer's 
users manua1 20 contains complete documentation necessary for a 
thorough understanding of its operation. Tables and diagrams 
pertinent to the circuit design in this report have been excerpted 
from that reference and appear in this appendix. 

The Model 8008 is a complete, single-chip, 8-bit, parallel com­
puter CP that can directly access up to 16k bytes (8 bits) of 
memory. It contains the arithmetic unit, eight 8-bit general­
purpose registers, an 8 x l4-bit stack, and an 8-bit input/output 
data bus. Its inputs are TTL compatible; its outputs are low-
level TTL compatible. It operates from a 500 kHz clock and has 
a hardware program interrupt feature. Its basic 48 instruction 
repertoire has useful combinations of index register operations, 
accumulator group, program counter and stack control, input/output, 
and machine instructions. Typical instructions are one to three 
bytes in length requiring 20 to 60 microseconds for execution. 
Instruction phase STATE and SYNC signals are provided for flexible 
interfacing. 
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A.1. 8008 Physical Specifications (from Ref. 20) 

Packaging Information 

CERAMIC PACKAGE OUTLINE 

.... T .. ~An ..... ' '0'.' 
U • ..,OKIToHAT.O/OO .... C,- " 

- --: 
::r- .:! - = -

BLOCK DIAGRAM PIN CONFIGURATION 

D, 
ACCUMULATOR. DATA D, AW REGISTERS, PROG. 

D, COUNTER STACK 
INTERRUPT 

D, 
"D READY 

D. 0, 
0, 
D. " D, 

DATA 
SYNC 

'''' 
o ''} 'N' 8, STATE 

TIMING 

" 'D' 
V" 

S, S, S, " 0, SYNC 
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A.2. BOOB Electrical Specifications (from Ref. 20) 

ABSOLUTE MAXIMUM RATINGS' 
Ambient Temperature 

Under Bias 

Storage Temperature 

Input Voltages and Supply 
Voltage With Respect 
to Vee 

Power Dissipation 

DOC to+70"C 

_55°C 10 +150 D C 

+0.5 to -20V 

1.0 W @ 25°C 

D.C. AND OPERATING CHARACTERISTICS 

'COMMENT 

Stresses above those listed unde, "Absolute Max 
unum Ratings" may cause permanent damage to 
the device. This is a stress rating only and fune 
tional operation of the device at these or any other 
condition above those indicated in the operational 
5e(:tions of this specification is not implied. 

T,... = O°C to 70°C. Vee ~ +SV ±-5%. Veo - -9V ±-5% Llnles5 otherWise speCIfied. Logic "1" IS defined 
as the mOre po .. t,~e level (V",. VOH I. LogiC "0" is defined as the more negative le~1 (V,~, VOl. I 

SYMBOL. PARAMETER I MIN. TVP MAX----i UNIT CONDITIONS .j LIMITS TEST 

+- . I 

·Measure~nts are made while 
the 8008 iSl:lxl:lcuting a tvpical 
sequence ot instructions. The 
test load is selected such that 
at VOL'" O.4V, I OL'" 0.44mA 
on each output. 

A.C. CHARACTERISTICS 
TA == OOG to 70OC; Vee == +5V ±.5%, Voo == -9V .±5%. All measurements are referenced to 1~V levels. 

B008 8006-1 
LIMITS LIMITS 

SYMBOL PARAMETER UNIT TEST CONDITIONS 
MIN. MAX. MIN. MAX. 

'ey GLOCK PERIOD 2 3 1.25 3 P' tR.t F '" 50ns 

t R,t F CLOCK RISE AND F ALL TIMES 50 50 n, 

'., PULSE WIDTH OF ¢, .70 .35 P' 

'.' PULSE WIDTH OF tP2 .55 .35 P' 

'D' CLOCK DELAY FROM FALLING .90 t.t 1.1 P' 
EDGE OF ¢, TO FALLING EDGE 

~.~ .. OF ¢2 

t ,~ , CLOCK DELAY FROM ¢J 2 TO ¢, .40 .35 P' 
.. - _._.,....--

! l[n I CLOCK OELAY FROM ¢, TO ¢2 .20 .20 P' - - .. __ .--/ 

::J!' 
, DATA OUT DELAY 1.0 1.0 '" CL'" 100pF 

r--
~OH HOLD TiME FOR DATA BUS OUT .10 .10 P' 

'," HOLD TIME FOR DATA IN '" 111 P' 

'SD SYNC OUT DELAY .70 .70 P' CL - 100pF 

'St STATE OUT DELAY {ALL STATES 1.1 
EXCEPTT1 ANDT111121 

1.1 P' CL- 100pF 

'52 STATE OUT DELAY (STATES 1.0 1.0 P' CL'" 100pF 
T1 AND nl) 

'RW PULSE WIDTH OF READY DURiNG .35 .35 P' 
¢22 TO ENTER T3 STATE 

'RD READY DELA Y TO ENTER WAIT .20 .20 "' STATE 

11ItIHMIN~tSD 12111 the INTERRUPT is not used, all states l1ave the same output delav, ts,. 
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TIMING DIAGRAM 

H '.-r=:'" ~ r:; , 
~~11 '" " - '.. I-l,..-;;:; '" ,..... "7,;'" J7;' .~ ." 

1- 'n I- 1-''''-1 
\ I , 

t--'SD..,f --; 
~-?.!- f..-1 tH-Oo --... 

SYNC 

DATA IN 
OATA.US [ ----------------- --- l ____ .I 

~-----~~ 
LINES 

10, ... q,J 

STATE ! LINES 

'EAOY { 

----------- I -.j}-I AOOR.E!, OUT ---- --~ ;;'F--'.,---1 -~ .. 
S, -'.,-
S, 

-1'" l-
f , 

'" - If1D ~------. 
I 

T, T, 

-----~ I DATA OUT 

---------'., -; 

, T, 

[1 J READY line mUlt be at "0" prior to 4'22 of T2 to gu .... ntH entry into the WAIT n8te. 
121 INTERRUPT line mult not c ..... ,.",. within 20001 (mille.) of the f.lling ecte- of ¢,. 

TYPICAL D. C. CHARACTERISTICS 

J. 
I 
i " 
i . 
i .. 

0 

-

"""' -
, 

I 

POWER ...... l V CURRENT 
VI nWERATUIilE 

- f- -

--- 1--; - ~-~ ... ,." 
-\< ... ~ 

.... -\< • IlJ\o' 

t 
, 
I 

-~ 

-

! +t It 1i---
I 

00 .. .. .. .. .. .. .. " 

TYPICAL A. C. CHARACTERISTICS 
DATA OUT DELAY VS. 

OUTPUT LOAD CAPACITANCE 

, 
! I 

I' 
I ' 
I r 

, 

,-

o-

.~ 

.-

.-

OUWOT SINKING CURRENT 
VI. TlMPERATURE 

f-

~ - -

...... ~'. 
. ':r ,... '-

-

I-

'. .. .. . " .. " .. " 

~Il) 

'" 
0" 

I 

~-- ----_. 
C--

--:::: ~~F 

i'--1---'$2_ lr-

T, 

OUTPUT SOURCE CURRENT 
VI. OUTPUT VOLTAGE 

0 

V 
/" CAPACITANCE f = lMHz; TA = 25°C; Unmeasured Pins Grounded 

0 

/' SYMBOL TEST 
LIMIT {pFJ 

TYP, MAX. 

/ C,. IfjPUT CAPACITANCE 5 10 

Coo DATA BUS I/O CAPACITANCE 5 10 

Cout OUTPUT CAPACITANCE 5 10 

" .. '" , . ~ ~ -
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A.3. 8008 Timing Diagrams (from Ref. 20) 

'" 
C'" 

INTEAAUPTED 

LOWER 
II-BITS 

ADDRESS 
OUT 

12 

HIGHER 
,.BlTS 

ADDRESS, 
TWO 81TS 
CONTROL 

OUT 

WAIT 

EXTERNAL 
MeMORY 

NOT READY 
(OPTIONAL) 

T3 

INSTRUCTION 

OR DATA 
fETCH. OR 
DATA OUT 

la-BITSI 

1---------------- TYPICAL PROCESSOR CYCLE 
INCLUDES T1, T2. n, n, T1i 

."''''0 

HALT 
INSTRUCTION 
RECEIVED BY 

CPU 

Figure 1. Basic 8008 Instruction Cycle 

Figure 2. CPU State Transition Diagram 
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A.4. 8008 Instruction Set (from Ref. 20) 

IV. BASIC INSTRUCTION SET 

The following section presents the basic instruction set of the 800S. 

A. Data and Instruction Formats 
Data in the 8008 is stored in the form of 8·bit binary integers. All data transfers to the system data bus will be 
in the same format. 

I °7 0 8 06 04 03 02 0, Do I 
DATA WORD 

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

0 .. Iyte ,,,,tr .. ,,1Io,,, 

I 0, De Os Dot 0, 02 0, Do I OPCOOE 

Two llyN In",vetle,.,. 

OPCOOE 

I °7 011 05 0 .. 03 02 0, 00 I OP coDe 

I °7 08 0 5 04 D:J 02 0, 00 I LOW ADDRESS 

I X X Os 0 .. 03 0, 0, DO I HIGH ADDRESS· 

TYPICAL INSTRUCTIONS 

Regi •• > 10 reg;t" ...... morV ,.mence, 
110 .,.ithmelic or lotical, roUte or 
_ .... n ;nstruetiotl. 

'mmtc!i.te ....... i"'''u<lions 

JUMP Of CALL iflllruction. 

'Far ,lie Ihird byte al Ihis inllructian, 0 6 ,nd 0 7 e" "don', .. re" oi1O, 

For the MCS-8 a logic "'" is defined as a high level and a logic "0" is defined as a low level. 

B. Sum"*Y of Proceaor Instructions 

I .... x -....... Instructions 
The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip-
flops except the carry 

MINIMUM INSTRUCTION CODE 
MNEMONIC STATES ." D. DaD"D3 ",0,,,., DESCRIPTION OF OPERATION 

REQUIRED 

(1) Lr 1 f 2 (., 1 1 D D D 5 5 5 load index register r1 with the content of index register r2, 
I2IC,M (., 1 1 D D D 1 1 1 Load index register r with the content of memory register M. 

LM, 171 1 1 1 1 1 5 5 S Load memory re ister M with the content of index register r, 
IJlLrl (., 0 0 D D D 1 1 0 load index ragister r with data B •.. B. 

B • • • • B B B 
LMI I.' 0 0 I I I I I 0 Load memory register M with data B . , . B . 

B • B • • • • • 
Increment t~e content of index reaister r Ir f- AI. IN, (., 0 0 D D D 0 0 0 

DC, (5' 0 0 D D D 0 0 1 DeCf'ement the content of index register r (r f- AI. 

Accumuldor Group Instructions 

The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 

AD, (51 1 0 0 0 0 5 5 Add the content of index register r, memory register M, or data 
ADM (., 1 0 0 0 C 1 1 1 ... . B to the accumulator. An overflow (carry) $er~ the carry 

AD' (II 0 0 0 0 0 1 0 0 flip-flop. 

• • • • • • B • 
AI:< (., 1 0 0 0 1 S S 5 Add the content of index register r, memory register M, or data 

ACM (., 1 0 0 0 1 1 1 1 B , .• B to the accumuletor with carry. An overflow (carry) 

ACI (., 0 0 0 0 1 1 0 0 sets the carry flip-flop. 

• • • • • • B • 
SU, (S, I 0 0 1 0 5 5 S Subtract the content of index register r. memory register M, or 

SUM (.( 1 0 0 1 0 1 1 1 data B ... B from the accumulator. An underflow (borrow) 

SUI (., 0 0 0 1 0 1 0 0 sets the carry flip-flop. 

• • • • • a B • sa, (5) 1 0 0 1 1 S S S Subtract the content of index register r, memory register M. or data 

S.M (., 1 0 0 1 1 1 1 1 data B , , . B from the accumulator with borrQW. An undet1low 

S.' (., 0 0 0 1 1 1 0 0 (borrow) sets the carry flip-flop, 

• • • • • • • • 
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MINIMUM tNlTRUCTION CODE 

MNEMONIC STATU 0 7 0. Os 0 4 0 3 .,. 0, III DESCRIPTION Of OPERATION 

REQUIRED 
NO, (5' , 0 , 0 0 S S S Compute the logical AND of the content of index register r, 
NOM '8' 

, 0 , 0 0 , , , memory register M, or deta 8 , . . 8 with the accumulator. 
NOI (8' 0 0 , 0 0 1 0 0 

• • • 8 8 • • 8 
XA, 5 , 0 , 0 , S S S Compute the EXCLUSIVE OR of the content of index register 
XAM 181 , 0 , 0 , , , , r, memory register M, or data 8 ... 8 with the accumulator. 
XAI (SI 0 0 , 0 , 1 0 0 

8 • 8 8 8 • • • 
OA, (61 1 0 1 1 0 S S S Compute the INCLUSIVE OR of the content of index register 
DAM (8' 1 0 1 1 0 , 1 1 r, memory register m, or data 8 ..• 8 with the accumulalol" , 
OAI 18' 0 0 1 1 0 1 0 0 

• 8 8 8 8 8 8 8 
CP, (5' 1 0 1 1 1 S S S Compure the content of index regiSUlr r, memory register M, 
CPM (8' 1 0 1 1 1 1 1 1 or date 8 ... 8 with the accumUlator. The content of the 
CPI (8' 0 0 1 1 1 1 0 0 eccumulator is unchanged. 

8 8 • 8 8 • • • 
ALC (5' 0 0 0 0 0 0 1 0 Rotate the content of the accumulator left. 

AAC (5' 0 0 0 0 1 0 1 0 Rotate the content of the accumulator right. 

AAL IS' 0 0 0 1 0 0 1 0 Rotate tl'le content of the accumulator left through the CIIrry. 
AAA (5' 0 0 0 , 1 0 1 0 Rotate the content of the accumulator right through the carry. 

Program Counter and Stack Control Inttructiom 

141.,lMp 1111 0 1 X X X 1 0 0 UnconditionallY jump to memory eddress 83 ..• 8382 ..• 82. 

"" 82 82 8 2 8 2 82 8 2 8 
X X 83 B3 83 BJ 83 8 

(51 JFc (9 or 111 0 1 0 C4 C3 0 0 0 jump to memory address 83 •.. BJB2 , •. 82 it the condition 

"" 82 82 82 8 2 82 ~B flip-flop c is false. Otherwise, execute the next instruction in &&quenOl!. 
X X 83 8 3 B3 B3B3 B , 

JT, (9 Or 111 0 , 1 C4 C3 0 0 0 Jump to memory address B3' .. BJB2 .•. 82 if the condition 

"""" """""" ""~~ 
flip.flop c it; true. Otherwise, execute tna next instruction in sequence. 

X X 83 83 83 ",,83 
CAL (11) 0 1 X X X 1 1 0 Unconditionelly call the subroutine at memory address 83' .. .,., 825252 .,.,., 8382 ... 82. Saw the current address (up one I8vel in the stack) . 

X X B3 83 83 ·3·3 .; 
CF, (9 or 111 0 1 0 C4 C3 0 1 0 Call the subroutine at memory acIdress B3 .•. B:J82 .• , B2 if the 

., ·2 .,.,., .,., ·2 condition flip-flop c is false, and 18W tna current address (up one 
X X "".,"" ., ""·3 level in the stack.! Otherwise, execute the next instruction in sequence . 

CT, (90r 111 0 1 , C4 C 3 0 1 0 Call the subroutine at memory address B3 •.• 83B2 ••. B21f the 
., 82 82 B2 B2 B2 B:z 82 condition flip-flop c is true, and seve the current address (up one 
X X B3 83 83 83 83 83 level in the stack\. Otherwise, execute the next instruction in sequenca. 

RET (5' 0 0 X X X 1 1 1 Unconditionally return (dol/'ln one level in the stack\. 

Af< 13 or 5) 0 0 0 C4 C3 0 1 1 Return (down one' level in the stack) jf the condition flip-flop c is 

falll8. Otherwise, axecute the next instruction in &&quence. 

RT, 13 or 5) 0 0 1 C4 C3 0 1 , Return (down one level in the steck) it the condition flip-flop c is 
true. Otherwill8, execute the next instruction in sequence. 

RST (5' 0 0 A A A , 0 1 Call the subroutine at memory address AAAOOO {up one level In the,stackl. 

Input/Output InsuuetiDns 
INP (8' 0 1 0 0 M M M 1 Read the content of the .lected input port (MMMI into the 

accumulator. 
OUT (6' 0 , A A M M M 1 Write the content of the accumulator into tha selected output 

port IARMMM, RR ,. 00). 

l'Aachine Instruction 
HLT (4) o 0 000 o 0 X Enter the STOPPED state and remain tnere until interrupted. 

HLT (41 Enter the STOPPED stete and remain there until interrupted. 

NOTES, 
111 SSS - Source Index Register } These ragisters, Ii, ere designeted Alaccumulator-OCKl), 

000 ~ Destination Index Register B(OC)!), C(0101, 0(011), Ell00), H(IO!), L(1101. 
(21 MIlmory registers are acldrMsed by the contents of registers H & L. ' 
(3) Additional bytes Of instruction are designated by BBBBBB8B. 
(4) X ~ "Don't Care". 
(51 Flag flip-flops are defined by C4C3: carry IOO-overflow or underflow), zero (Ol-result is zero), sign (IO-MS8 of result is "1"). 

p.i!lrity (II-parity is ellenl. 
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APPENDIX B. TEST PROGRAMS 

B.l Read Data-l Switches on Console and Display on Lights. 

Address 

4000/ 

Instruction 
Nmemonic Octal 

INPl 

OUTI 

JMP 

103 

163 

104 
000 
010 

Description of Operation 

Read data from switches 

Display data 

Jump to 4000 

B.2 Increment 1/0 Register (on Console) Until all 1 's then 
Halt. Repeat when Program is Continued. 

4100/ 

4113/ 

CPI 

CT 
c 

JMP 

HL~ 

RET 

016 
000 

301 

074 
377 

152 
113 
010 

104 
100 
010 

377 

007 

Clear Register B 

Load accum. with reg. B 

Set accum. to 377 

If result of above sub­
traction is 0, call 
subroutine at 4113 

Jump to 4100 

Halt 

Return to main program 

a. Program halts. To continue, set Interrupt/Instruction 
switches to NOP (300) and depress START key. 
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B.3 Add Two Three Digit Octal Numbers. 
Console I/O Register. Key in Octal 
and 5021. Start Program at 5000. 

Display Result on 
Numbers at 5020 

5000/ 

OUT! 

HLT 

066 
020 

056 
012 

307 

060 

207 

163 

377 

Set Memory Address 
to 5020 

Load accUffi. with 5020 

Increment reg. L 

Accum. + 5021 

Display result 

Halt 

B.4 Shift a Bit Left and Right in Console I/O Display. 
Shift Speed Controlled with Console Data-l Switches 
(000 is Setting for Fastest Shift Speed). 

4000/ 

4013/ OUT! 

RLC 

CAL 

046 
000 

066 
200 

056 
010 

006 
001 

310 

026 
200 

163 

002 

106 
043 
010 
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Clear reg. E 

M = 4200 

A = 1 

Reg. B 1 

Reg. C 200 

Display A 

Rotate A left 

Call DELAY 



CPr
2 

272 A = reg. C 

JT
OI 

150 If result is 0, 
027 jump to 4027 
010 

JMP 104 Jump to 4013 
013 
010 

4027/ oun 163 Display A 

CAL 106 Call DELAY 
043 
010 

RRC 012 Rotate A right 

CPr
l 

271 A = reg. B 

JT
01 

150 If result is 0, 
013 jump to 4013 
010 

JMP 104 Jump to 4027 
027 
010 

DELAY 4043/ LMrO 370 4200 = A 

INr
3 

030 Increment reg. D 

LrOr3 303 A reg. D 

CPI 074 A 377 
377 

JFOI 110 If result not 0, 
044 jump to 4044 
010 

INPI 103 Read switches 

INr
4 

040 Increment reg. E 

CPr4 
274 A = reg. E 

JT
IO 

160 If result negative, 
064 skip next 
010 instruction 
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JFOI 
110 If result not 0, 
044 jump to 4044 
010 

Lr
4

I 046 Clear reg. E 
000 

LrOM 307 A = 4200 

RET 007 Return 

B.5 Demonstration Program 

This program was written by R. J. Sand, Savannah River 
Laboratory. It is a demonstration program of the graphics capa­
bility of the microcomputer. X and Y inputs to an oscilloscope 
are connected to the BNC output connectors on the rear of the 
Process Simulator Chassis. 

The display presented on the oscilloscope is an "expanding 
square. " 

PROGRAM LISTING 

MAIN/5000/Lr l I 016 Set B = 177 
177 

LrOrl 301 A + B 

QUT2 165 X + A 

Lr
2

I 026 Set C 177 
177 

LrOr2 302 A + C 

QUn 167 Y+A 

50l0/Lr3I 036 Set D 1 
001 

Lr4I 046 Set E = 0 
000 

CAL 106 Call INC C 5120 
120 
012 
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INr4 040 E = E + 1 

5020/LrOr4 
304 A+-E 

CPr3 273 A - D 

JF01 
110 If not zero jump to 5014 
014 
012 

Lr
4

I 046 E = 0 
000 

CAL 106 Call INC B 5110 

5030/ 110 
012 

INr4 
040 E = E + 1 

LrOr4 304 A+- E 

CPr3 
273 A - D 

JF01 
110 If not zero jump to 5027 
027 
012 

5040/Lr 4 I 046 E = 0 
000 

INr3 
030 D = D + 1 

CAL 106 Call DEC C 5124 
124 
012 

INr4 040 E = E + 1 

LrOr4 304 A+- E 

5050/CPr3 273 A - D 

JF 01 110 If not zero jump to 5043 
043 
012 

Lr4I 046 E = 0 
000 
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5060/ 

CAL 

INr4 

LrOr4 

CPr3 

JF 01 

5070/ 

5100/JMP 

INCB/ 5ll0/INr 1 

LrOr1 

OUT2 

RET 

DECB/ 

RET 

106 
114 

012 

040 

304 

273 

110 
056 
012 

046 

000 

030 

030 

074 
377 

150 
000 
012 

104 
014 
012 

010 

301 

165 

007 

011 

301 

165 

007 

Call DEC B 5114 

A+E 

A - D 

If not zero jump to 5056 

E 0 

D = D + 1 

A+D 

D - 377 
Any odd number 377 max 

If zero jump to 5000 

Jump to 5014 

B = B + 1 

A + B 

X+A 

RETURN 

B = B-1 

A + B 

X+A 

RETURN 
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INCC/S120/INr2 020 C = C + 1 

LrOr2 302 A-+- C 

OUT3 167 Y-+-A 

RET 007 RETURN 

OECC/ DCr2 021 C = C - 1 

LrOr2 302 A <- C 

oun 167 Y -+- A 

RET 007 RETURN 

RJS: 10/18/73 
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No 

No 

GRAPHICS CONTROL DEMONSTRATION 
X-Y OSCILLOSCOPE CONTROL 

Expanding Square 

INITIALIZE 
Position Trace 

to Center of 
Scope 

Increment C 

E - D = 0 
? 

Yes 

E = 0 

Increment 

E - D 
? 

o 

13 

Yes 

D 
? 

? 

No D = Max. 
~------------------------------~~ Size?? 

Yes 
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o Yes 



APPENDIX C. DATA SHEETS 

This Appendix contains copies of data sheets for modules 
not contained in referenced material. 
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C.l. Oscillator Pin Connections and Specifications 

~lode1 No: 7404 

Input Power: +5V DC 

Current: 35 rna max. 

Output: 1.000 MHz, Square Wave, TTL compatible 

Dimensions: 0.5 x 0.8 x 0.55 h, 14-pin DIP 

Pin Connections 

1 14 I I +5V DC 

2 13 

3 12 

4 
.,. 

11 0 .,. 
r-

5 10 

6 9 

Common 7 8 h Output 

Manufactured by: Spectrum Techno1og~ Inc. 
P. O. Box 948 
Ga1eta, CA 93017 



C.2. HD-0165 Specification Sheet 

FEATURES 

• STROBE OUTPUT • SINGLE +5.DV SUPPLY REQUIRED. 
• KEY ROLLOVER OUTPUT OTLITTL OUTPUTS 
• EXPANDABLE: 2 PACKAGES REQUIRED FOR • MONOLITHIC RELIABILITY 

FULL TELETYPEWRITER. EIGHT·BIT ENCODING 

GENERA~ DESCRIPTION 

The HO-0185 Keyboard Encoder is a 1& line to four-bit parallel encoder intended for use with manual data entry daviees 
such. calculator or typewriter keyboards. In addition to the encoding function, there is a Strobe output and a Key 
Rollover output which energizes whenever two or more inputs are energized simultaneously. Any four-bit code can be 
implemented by proper wiring of the input lines. Inputs are normally wired through the key switches to the +5.0V power 
supply. Full typewriter keyboard encoding up to eiotlt bits can be accomplished with two Encoder circuits by the use of 
double pole key switches or single pole switches with two ilolation diodes per key. Outputs wilt interlace with all popular 
DTL and TTl logiC families. The circuit is packaged in a hermetic 2.f.pin dual in·line package and operates over the tern­
perltUre range of OOc to +1SoC. 

EQUIVALENT CIRCUITS 

+5.OV 

IN I I 
I 
I 6. __ .J 

IN 16 
I 
I 
I 4 __ J 

KEYBOARD 

INPUT 

610' 

400 

"0' 

400 

OUTPUT 

"" 
ANY OUTPUT 

-- • EQUIVALENT RESISTORS FOR OTHER 
INPUTS ARE BETWEEN THESE TWO VALUES 
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PACKAGE 

_!-)11 
~·-l r 

--~ r"""·'" r ,.' 
1180/'''0 

I 

~ 
O'OTVP 

'0,0 1 

... "0.0 OlJAl II< "I<' ... tUG' 
'N'~'''TIC 
• All D''''I<"ON''I< ,NCH" 



C.3. MK-5009 P Specification Sheet 

MOS Counter Time-Base Circuit 

:::J lon-implanted for full TTL/DTL compatibility 
o Internal clock operates from: 

External signal 
External RC network 
External crystal 

o Operates DC to above 1 MHz 
n Binary-encoded for frequency selection 
DESCRIPTION 

The MK 5009 P is a highly ver­
satile MOS oscillator and di­
vider chain manufactured by 
Mostek using its depletion­
load, ion-implantation process 
and P. - channel technology. 
The 16-pin DIP package pro­
vides frequency division 
ranges from 1 to 36x10'. The 
circuit will operate from any 
of three frequency sources: 
the internal oscillator with an 
external AC combination; the 
internal oscillator with an ex­
ternal crystal; or with an ex­
ternally-applied TTL signal. 
Control inputs provide addi­
tional versatility and allow the 
circuit to be used in a variety 
of applications including in­
struments, timers, and clocks. 

With an input frequency of 1 

0 0 ...;.-10] 

0 -.7- 10l 

1 -;- 101 

0 -;- 10' 
0 -;- lOs 

0 0 -:- 10~ 

0 1 -;- 101 

0 -;- 10' 

MHz, the MK 5009 P provides 
the basic time periods neces~ 
sary for most frequency meas~ 
uring instruments, Le., 1 I'S 
through 100 seconds. One­
minute, ten-minute, and one­
hour periods are also avail­
able using a 1 MHz input. 
Using a 1/1.2 MHz input, the 
MK 5009 P can also provide a 
50/60 Hz output for accurate 
generation of line frequencies 
in portable instruments or 
clocks. 
The time~base output (TIME 
OUT) is a square wave, its 
frequency determined by the 
selected counter division, and 
by the oscillator frequency or 
external Input. The falling 
edge of the output square 
wave should be used to con­
trol external gating circuitry. 

Resets Resets 

Counters Counters 

10 their 10 their 

Highest Lowest 

0 6 X 101 

0 -;- 36 X 10' States States 
6X 10' 

~ 2 X 10"' 
. In. 

FUNCTIONAL 

FEEDBACK 1 8 

FEEDBACK l 1 
ClJ,MP 

RESET:.IM 6 

RESET 0 
, 

," 
," 
2,IJ 

r" 

...;.-10' 
-:- 10l 

-:-101 

-i-1Q4 
-:-1()2 

-i-l03 

-i- 104 

-;- 10' 
6 X 104 

-;- 36 X 105 

+ 6 X 105 

2 X 10' 
Exl. Inl. 

MK 5009 P 

DIAGRAM 

• . -" S 8~ }/?", " 
::ES .0 Co 

"' +10' ~ 
+10] til 
+10' ':;; 
+10' ~ 
+\0' 0 

~ +2x\0' 
+10' " +10' 

~ +10' 

~ +6xlO' 
+lO' 
+6xlO' 
+36xl' 

-.7- 101 -:-10 ' 
-:- H}.! -:-102 

-;-103 -:- 101 

-;-10' -;-10' 
-;- 105 -i-l02 

-;- 10~ -;- 101 

-:-101 +11)4 
-;- 105 -:-1()2 

6 X 10' ~ 6 X 10' 
-;- 36 X 105 ...;.- 36 X 10z 

+ 6 X 105 
~ 6 X 102 

2 X 10 ' 2 X 10 ' 

'Addresses 1100 and 1101 result In logiC 0 at the output regardless of the state of the Reset Max. and Reset Min Inputs 

Logic 0 = Low ~ Voo 

logic 1 = High = Vu 
1215 W. Crosby Road, Carrollton, Texas 75006 

:n~ijil® 
---- ---- -
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C.3. (cent'd) 

MOS Counter Tlme·Ba .. Circuit I MK 5009 P I mOSTEK 
u , p n ~ " 1 I ~ n 

DESCRIPTION OF OPERATION 

The MK 5009 P consists basically of a series of 
counters, selectable via an internal multiplexer. 
The -';- 10' counter output is used to generate an 
internal crock signal for the 102 through 36x10a 

counter stages, which are fully synchronous with 
each other. 

OSCILLATOR CONTROLS 

Operation in the RC oscillator mode is achieved 
as shown in Figure 1. Frequency, t, is approxj· 
mately a.S/RG. The clamp circuit can be used 
in the RC mode to provide one-shot or accurate 
start-up operations. When Clamp goes to a logic 
0, the internal circuitry is held at a reference level 
so that upon release of the Clamp (return to 
logic 1), the oscillator's first cycle will be a full 
cycle. 

The crystal oscillator mode is shown in Figure 2. 
Values for the resistors are chosen to bias the 
internal circuitry for optimum performance. The 
two capacitors are chosen to provide the loading 
capacitance (Cd specified for the selected crys­
tal. It is recommended that C1 = C2 = 2 Ct. 

RESET/BYPASS CONTROLS 

The MK 5009 P provides two different reset con­
ditions. A positive-going pulse of 10 itS or longer 
on Reset 0 will reset counters to their lowest 
state. while a positive-going pulse at Reset Max 
will reset counters to their highest state. The 
Reset Max control enables the user to set up the 
counters to provide a falling edge at the next 
oscillator cycle or negative-going external input, 
regardless of which divider chain is selected. 

In addition, taking one or both Reset Inputs to 
the most negative voltage. V GG' allows bypassing 
portions of the divider chain for testing or other 
purposes (see table on page 1). 

EXTERNAL/INTERNAL FREQUENCY SOURCE 

When using an external signal source to operate 
the MK 5009 P, that signal should be applied at 
the External Input (Pin 3), and the External/Input 
Select (Pin 5) should be brought to logic 1. 

For operation with an internal signal, the Ex­
ternal/Internal Select should be at logic O. 

OSCILLATOR OUTPUT 

The oscillator output, provided at Pin 10, is not 
a true logic output. but may be used to drive a 
high impedance device such as a junction FET 
or other MOS circuitry. 

+------------------~ 
PACKAGE (16-lead ceramic dual-in-line 

hermetic package) 
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A PIN 1 IS DESIGNATED By 
AN INDEx OOT OR TRIANGLE 

6 CERAM'C TO B!' CENTERED 00 
L('AD F~AMe WITH,,,, 010" 

CALL D'''ENSION$ IN INCHES 



APPENDIX D. CONTROL PROGRAM 

Memory Instruction 
Location Mnemonic Octal -- Exp 1 ana ti on 

70/ L421 026 Register C = 0 
000 

LrOI 006 
003 

OUT4 171 Clear I/O Registers 
006 
000 
165 
167 

Lr5rO 350 
066 M 376 
376 

104/ INPO 101 ADC + Accumulator 

OUT2 165 Display ADC 

aUTO 161 Reset & Start ADC 

LrlrO 
310 Reg. B = ADC 

INPI 103 A = Hi Alarm 

OUT3 167 Display A 

SUrl 
221 A = (Hi Alarm) - ADC 

JTOO 140 
131 Jmp 131 IF ADC > Hi Alarm 
000 

LrOr1 301 A ADC 
227 A ADC - Lo Alarm 

JTOO 104 
137 Jmp 137 IF Lo Alarm > ADC 
000 
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LrOI 006 Clear Lo & Hi Al arms 003 

OUT4 171 

JMP 104 
104 Jmp 104 
000 

131/ Lr I 006 
376 

Set Hi Alarm 
OUT4 171 

JMP 104 
104 Jmp 104 
000 

137/ LrOI 006 
001 

CPr2 272 Jmp 151 IF REG.C = J 

JT01 150 
151 
000 

INr2 020 Increment REG. C 

JMP 104 
104 Jmp 104 
000 

151/ LrOI 006 
375 

Set Lo Alarm 
OUT4 171 

JMP 104 
104 Jmp 104 
000 

376/ 040 Lo Alarm = 1/8 full scale a 

a. Change data value in Loc. 376 to change low level alarm setting. 
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