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* New York State residents must include
7% sales tax.

ex te rna l dev ice s . The me mory module ca n
accommodate up to 1024 bytes or words of
storage . although o nl y 256 word s a re re­
quired to s tart . Manua l controls are pro­
vided for the user a nd a readout of so me of
the importa nt registe rs is prov ided on the
Readou t modu le.

Six different modules
The Centra l Pr ocessor Unit (C P U) mod ul e

co nta ins the mic ro proces sor IC a nd t he
extra c ircui try used to in te rface wi th the res t
of the compu te r. It is impo rta nt to note t hat
th e 8008 mic ro processor has bee n fa bricated
as a n MO S circu it a nd the outputs wi ll o nl y
d ri ve o ne low- po we r c irc uit o f t he 74 L
series. Eac h o utput is buffe red with a 74L04
inve rter before it is used . The main . 8-line
inpu t/o utput bus, o r I/O bus is also buffered
by two 7404 c irc uit s to give the TT L signa ls
a high fa n-o ut.

T he computer is co ntro lled by a 2-phase
cl ock suppl ied by a cry sta l osci ll ator whic h '
co ntro ls the pul se wid th s a nd freque ncy.
T he c loc k and t he sync hro ni zatio n s igna l
supplied by the mic ro processor are used to
co nt ro l some of the logica l operat ions of the
co mpute r inte rface c irc uit s . The synchroni ­
z.a t io n signa l sy nc hro nizes the ope ration of
the ve ry fa st TTL circ uit s and the slower,
c locked. MOS circ uit s in the microproces­
sor. T he mic ro processor a lso ha s three ,
s tate-o'utput signals , S", S " a nd S, which are
used to dri ve a decoder. The e ight poss ible
sta tes a re the n used to co ntrol o the r func­
tions in the in terface logic . A complete de­
sc rip tion of the ge ne ration a nd use of these
s tate outputs is inc luded in the Inte l User 's
Manua l

Since the CPU use s a paralle l 8-bi t I/O
bus fo r in put a nd o utp ut of data t here mu st
be so me cont ro l of when the bu s is se nd ing
data fro m t he C PU to a n external device o r
when it is ta king da ta in . T wo lines are pres­
ent o n th e C PU modul e . TN a nd O UT.
T hese line s are used by the other mod ules to
regula te th e fl ow of da ta in the correct direc ­
~i o n at the correct time . T he control of the
IN a nd OUT li nes is gove rned by the addi ­
tio na l logic o n the C P U mod ule .

Th e Memory Address/Manua l Control
module is used to ho ld da ta which is to be
used as the me mo ry address , Two 8- bi t
latc hes are prov ided since the com puter will
use one set of eight bit s for a me mory ad­
dress a nd the othe r se t ofe ight bi ts fo r cont rol
func ti o ns. S ince the micro processor ca n d i­
rectl y address up to 16,424 words of me m­
ory. com monl y noted as 16K, we will need
14 bina ry b its for the complete address . T he
comple te memory address of a ny locat ion is
give n by a 16-bit bin ary number ; X X B" B3
B" B" B" 8., / B, B2 B2 B, B2 B, B, B2,
where the X's represe nt bits th at are not
used. The co mputer spec ifies a ny add ress
by fir st send ing out the B, bit s to one of the
e ight -b it latc hes . fo ll owed by the six R. b its
a nd two X bits . Control of the correc t latc h
is supplied from the C P U module.

T he B:) bits have the most significance or
va lue in the comple te digit , while the B, bits
have the lea st signi fica nce. Thi s is like com­
paring $ 1000 a nd $ 1. The fu rther to the left
the d igit. in a ny numbering syste m, the more
va lue it has. Fo r thi s reason the B3 bits are
ca lled t he most signi ficant o r the H I part of
th e address , while the B2 bit s a re called the
leasl s ignifica nt or LO part of the address.
Both the H I a nd LO address latc hes a re
made up of SN74 193 programma bl e coun-

The heart of the Mark-8 Minicompute r is
a n Inte l 8008 mic ro processor IC that c.on­
ta in s a ll of the a rithm et ic registers , sub­
ro utin e register s a nd most of the co ntro l
logic necessary to int e rface t he mic ro­
proce ssor with semicond ucto r me mori es as
we ll as input a nd o utput registers. Sta nda rd
TTL ty pe l e s are used throug hout a nd
com mo nl y ava il a b le 11 0 1. II OIA a nd
1101 A I type me mo ries are used fo r the ce n­
tra l s torage . T he mic roprocessor with its as­
soc ia ted logic will be re fe red to as the cen­
tra l processQr uni t. o r CPU.

Th e ce ntra l processo r Iin it is a n 8-bit
parallel processor. A string of eigh t bina ry
bits . 0 , through 0 " , is used to ind icate the
in s tru c ti o n d a ta o r me mo r y loc a ti ons .
Rather th a n repea t. " e ight bit s of binary
data" , we refer to the e ight bit s as a byte .
As you will note . some of the instructi ons
take up to th ree bytes of data a nd they are ,
t he refore , ca ll ed three-b yte instruct io ns .
T he computer takes 20 ~ s to exec ute each
byte o f these in structi o ns . so the time to
execu te a ny of the bas ic in struct io ns may
vary from 20 to 60 ~ s. The ti me that the
com pute r takes to exec ute o ne bvte of the
inst ructi on is ca ll ed the co mpu te r's cyc le
time. Most minicomputers have a cycle time
th at is about te n ti mes fas te r t ha n t he
Mark-8 , but thi s will not restri ct the use of
thi s Minico mputer in most situ ations . *

The Inte l 8008 mic roprocessor provides
us with some so phis ticated feat ures. o nl y
fou nd o n larger , mo re co st ly compute rs .
T hese inc lude a poi nter registe r . inte rru pt
poi nte rs a nd a stac k register for mu ltip le
subroutines.

T he Mark-8 is programmed in assembl y
or mac hine la nguage , the' bas ic la nguage of
a ll computers whic h consists of I' s a nd O' s
grouped into bytes. While it may see m c um­
bersome at fir st , thi s is one of the most fl ex­
ible ways to program while keeping down
the cost of added storage or memory. T he
use of just the I ' s a nd O' s to re pre se nt the
binary numbers ca n beco me ted io us afte r a
sho rt while . It beco mes much easier to con­
vert th e binary numbe rs to the ir oc tal equiv­
a le nt and use these di rect equivale nts in­
stead.

There a re 48 progra m in stru cti o ns to use
in prog ra ms on the Mark-S. Eac h program
must cons ist of a n o rderl y , logical cha in of
steps in succes s ive me mory locati o ns. If
data or program steps are not loaded in the
correc t orde r, the program won't work cor­
rectl y a nd is sa id to have a bug in it. Those
not fa miliar wi th the basic ope ratio ns of a
compute r a nd t he va rious num be r sys tem s
used will find ComplIrer Ar chirecTlIre, by Cil X­
to n Foster. Vil n Nostra nd-Re inho ld, Ne w
York , New , York 1970 . $ 12.50 a n easy to
read a nd und e rsta nd in t ro du ct io n th at
sho uld be read before a ttem pting to build or
use the Mark-8.

The basic Minicomputer consists of s ix
modules:

I . Mai n CPU mod ule.
2 . M e mory Ad dress/ Ma nual Co ntro l

mod ule .
3. Input Mu ltip lexer module .
4. Memory mod ul e.
5. O utput module.
6 . Readout module.
These modules prov ide the experime nter

with the bas ic minicompu ter configuration.
T wo 8-bi t input ports are provided fo r ge t­
ting data into the compute r a nd four 8-bit
o utput po rt s are prov ided to output data to
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Radio-Electronics
Micro-Computer
P.O. Box 1307
Radio City Station
New York, N.Y. 10019

-- U.S., Canada First-class mail $5.50*
-- U.S., Canada Air-mail $5.65*
-- Foreign, Surface $5.90
-- Foreign, Air-mail $7.30

Brochures will be mailed within three
weeks of receipt of your order.

Only these four methods of shipment can
be provided.

Brochure price $5.00, postage is addi­
tional.

The Minicomputer is a very special
story. Complete instruction information,
including full-size circuit board patterns,
would require a long multi.t>art article in
Radio-Electronics. ' J

To make it possible for interested
readers to get full details of the unit and
to start construction immediately, we are
making available a special package of
additional data. This includes complete
construction details, more data on how it
works, a group of eight experiments you
can perform with the computer and other
important information. The cost of this
52-page package is $5.00 plus postage.

Use the coupon below to order. Fill out
the portion with your name and address.
You must print as it will be used as your
shipping label. Then check off the way
you want it shipped; this determines the
price. Mail your check or money order
with the coupon to Radio-Electronics,
Micro-Computer, P.O. Box 1307, Radio
City Station, New York, N.Y. 10019. Pay­
ment must be in U.S. currency.
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COMPUTER WITH ASCII KEYBOARD makes a complete working computer system. You can use the
computer without the keyboard, but it is more difficult.

THE WORKING HEART of the computer Is relatively simple. The six primary circuit boards and the
front-panel controls are shown here. If additional memory is needed, more circuits boards are
required.

collector outputs which are compatible with
the computer bus structure. Thi s multi­
plexer switches between the data selected at
the previous multiplexer and data from the
Interrupt Instruction Port. The use of the
Interrupt Instruction Port wi ll be covered in
the Interrupt section . This second multi­
plexer may also be in an off or unse lected
state which is used when data is not to be
sent to the CPU modul e. Co ntrol lines SLo
and SL, are sent directl y from the C PU in­
terface logic.

Remember that when the HI address is
not being u~d to store a memory address, it
is used for'~ntrol signals. During an IN or
OUT cycle these control signals are de­
coded and used to select the proper input or
output lines for the 110 bus. The Multi­
plexer module decodes the control bit s B,
C , D, and DEnable and OR's them with IN
to select the proper external data input port.
When the computer is instructed to get some
data from memory it automatically select s
the memory input section of the multiplexer .
The IN PUT instruction is only used when
you wish to input data from some external
so urce such as a digital vo ltmeter or
keyboard , through one of the two input
ports. .

The Memory module uses the widely
avai lab le 1101 type of sem iconductor, inte­
grated circuit memory. The 1101 random
access memory or RAM is organized as a
256 x I-bit memory , so eight of the 110 I type
memories are used to give us 256, eight-bit
words. This is the minimum configuration
necessary for the operation of the Mark-8.
Each memory module can hold 32 of the
I 101 memories for a tota l of 1024 or IK
words of storage. Up to four Memory mod­
ules may be used wi th the Mark-8 , giving us
a maximum 4K of storage space . More than
enough for most applications.

Each of the 256 words are addressed by
the eight bits from the LO address latch .
Since 28 = 256 we can only address 256
words using the LO address alone . Each
memory also has an enable line so we' may
select blocks of 256 words, using this line .
The H I address is, therefore, used and de­
coded with a standard decoder and the de­
coded outputs are used .to enable or select
the blocks. You do not have to be con­
cerned about the particular block where
data has been stored, just use the complete
14-bit 'address , since the memory does the
complete decod.ing.

Each of the addressed memory loca!ions
may store one 8-bit word or byte of informa­
tion. For 2 or 3-byte program steps, two or
three successive memory locations are used
for storage.

T he 1101 type memories are vol a tile
semiconductor memories and informat ion
stored in them will be a ltered or lost if the
power is shut off. If you want to save a
program, leave the power on.

A chart in the construction section shows
how the memory jumpers are wired for each
of the four possible boards . Boards must be
added in numerical sequence; I, 2, 3, and 4.
Blocks of memory must be added in units of
256 words in the A, B, C, and 0 sequence,
to prevent gaps in the memory .

A read/write or R/W line is provided on
the module so· that data may either be read
from , or written into a selected memory lo­
cation. The CPU and the Manual Control
module both control this line so that data
may be entered under computer control or
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troIs the flow of all data into the computer.
All data going into the computer is placed on
the 110 bus during the IN cycle signalled by
the ill signal. Since data may be coming in
from a number of differe nt experiments or
sources, we must have some means of
selecting which data is fed into the CP U.
Two basic multiplexers are used for this
preci se gating of data. The two 8263 quad ,
three-line to one-line multiplexers control
which of three sets of input lines a re
selected. Note that two sets of these input
lines are input ports 0 and I. These are the
two external data input ports. The third set
of data input lines comes from the memory.
Data or instructions in the memory, all go
through the multiplexer and into the CPU.

This multiplexer is followed by a second
set'of multiplexers , 8267's . These are quad,
two-line to one-line multiplexers with open-

ters, since the address held in them may be
incremented, by counting up by one. The
usefulness of this will be seen later. The HI
and LO latches are also used for temporary
data storage when they are not being used to
store a memory address.

T he manual control portion of this module
allows u~ to program the compute, and to
control its operation from an operator's
console. We are able to externally address
any memory location and deposit data or in­
structions in it. We may also return to any
location and check the data stored there.
Controls are also provided to allow us to
single-step the computer through a program,
one instruction at a time and to interrupt the
computer while it is executing a program.
T hese controls will be described in detail
later.

The Data Input Multiplexer module con-



so that we may insert our program data into
the memory prior to use by the computer.

The eight data-output lin es from the
memo ry are sent to the C P U I/O bus
thro ugh the Input Multipl exer module .
When we ask for data from the memory with
an LrM type of instruction (see Intel User's
Manual), the C P U senses that the memory
data is needed and it sets the input multi­
plexer so that the data is placed on the I/O
bus at the proper time.

The Output Latch module is used to send
data from the computer to some external
device or instrument , such as a te letype or
perhaps the Radio-Electronics TV Type­
wri ter (Radio-Electronics, September 1973).
Four output latches are provided on the
Output Latch modul e a nd two of the se
modules may be used with the Mark-8. The
s'econd mod ule may , however, onl y use
three of the output latches.

Note that data is sent from the LO ad­
dress latch to each output port and that these
connections are in parallel. The computer
decides which latch is act ivated according
to the OUTPUT instructi on that we have in
our program . Here , agai n, the H I address
latch holds the control bits B, C, and D
which are decoded a nd NORed with OUT
to acti vate the selected eight bit output port
or latch. NOTE: T he OUTPUT instruction
in the Intel User's Manua l has two RR bits
shown in it. These bit s mu st be set to RR =

l.
PRINTED-CIRCUIT BOARD ASSEMBLY is a stack of six 2-sided boards. Molex connectors and
cables are used to interconnect the boards and to connect the boards to the front-panel controls.

PARTS LIST

A complete set of 'circuit boards is available for the Mark-8 Minicomputer from
Techniques Inc., 235 Jackson Stree, Englewood, N.J. 07631. Prices include ship­
ping charges inside the United Stafes.

Complete set of six boards (1 of each) $47.50
CPU Board 7.50
Address Latch Board 10.50
Input Multiplexer Board 9.50
1K Memory Board 8.45
LED Register Display Board 8.45
Output Ports Board 8.50

Techniques had 100 setsof boards in stock when this issue went on sale. When
these boards are sold, there will be a 6 to 8-week delay before additional boards
become available.

All resistors are Y4 Watt, 10%

CPU BOARD

C1-33-pF disc
C2 thru C6-0, 1-~F disc
IC1 . IC,4, IC6, IC7, IC9, IC13, IC17, ICl9--7400
IC2, IC,3, ICl4-7476 Dual JK flip-flop
IC5, ICll , IC16, IC20, IC21-7404
IC8, IC12-7474 dual D flip-flop
IC22, IC23, IC25-74L04 hex inverter, low power
IC10, IC19--7410
ICl5-7420
IC24-8008 Intel microprocessor
IC26-7442 decoder
Rl , R2-220 ohms
R3-560 ohms
R4-1800 ohms
R5, R6, R7 , R8, R17-1000 ohms
R9 thru Rl6-22,000 ohms
XTAL 1-4000.000-KHz crystal type EX ($3.95

from International Crystal , 10 N. Lee Street,
Oklahoma City, OK)

Misc-PC Board, No. 24 wire, solder

INPUT MULTIPLEXER BOARD

Cl , C2, C4-0, l-~F disc
C2-1 . O-~F 10 V electrolytic
IC1 , IC2-8263 mUltiplexer (Signetics)
IC3-7400
IC4, IC5-8267 mult iplexer (Signetics)
IC6-7402
IC7-7442 decoder
Pl , P2, P3, P4- Molex type 09-52-3081 con­

nectors
Rl-l000 ohms
Misc-PC board, No. 24 wire , solder

ADDRESS LATCH BOARD

Cl thru C6-0,Ol-~F disc ceramic
C7-680-pF disc
IC1 , IC2-74123 dual monostable
IC3, IC4, IC5 , IC6, IC7- 7400
IC8 , IC9 , IC10, ICll-74193 programmable

counter
Pl , P2, P3-Molex Type 09-52-3081 connectors
R1 thru R3-10,000 ohms
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R4-22,OOO ohms
R5 thru R16-1000 ohms
Misc-PC board , 324 wire , so lder

MEMORY BOARD

Cl , C2, C3-0 , l -~F disc ceramic
ICl thru IC8- 1101 , 1101A or 1101Al memory

circuits, 256 x 1
IC9 thru IC32-Same as above, but optional with

builder
IC33-7442 decoder
IC34-7400
Pl , P2-Molex type 09-52-3081 connector
Rl thru Rll , R20, R21 - 1000 ohms
R12 thru Rl9--1 0,000 ohms
Misc-RC board , No. 24 wire , solder

OUTPUT LATCH BOARD

Cl , C2, C3 , ---{) . 1 -~F disc
ICl thru IC8-7475 quad latch
IC9, IC1G-7404
ICll-7402
IC12- 7442
Pl , P2, P3, P4-Molex type 09-52-3081 connector
Mise-PC board, No, 24 wire , solder

LED REGISTER DISPLAY BOARD

Cl-l00-~F electrolytic
C2, C3, C4---{) . 1 -~ F disc

Dl thru D32-MV-50, MV-5020 or equivalent
Red , visible LED 's

IC1 thru IC6-7404
iC7 , IC8-7475 quad latch
IC9--7442 decoder
IC1G-7402
Pl-Molex type 09-52-3081 connector
R1 thru R32-220 ohms
Misc-PC board, No. 24 wire , solder

CONTROL PANEL

Dl-MV-5020 or equ iva lent red , visible LED
Rl-220 ohms
Sl thru Sll - spdt switches, rocker or toggle
S13 thru S17-spdt momentary, spring return ,

rocker or toggle
PS-Power supply, logic power supply available

from Precision Systems, P.O. Box 6, Murray
Hill , NJ 07974 . + 5 volts/8.5A and - 12
vo lts/2.0A, adjustable to - 9 volts. Also other
voltages avai lable. See text.

Misc-Metal case, red plastic filter, line cord ,
hardware, hook-up wire, solder.

The microprocessor integrated circuit
is available from Intel Corporation, 3065
Bowers Avenue, Santa Clara, CA 95051
at a cost of $120.00. '
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05 0 .. a6 I

04 0 .. a5 H TO TV-TYPEWRITER
03 0 .. a4 G CONNECTIONS

02 0 .. a3 F

01 0 .. a2 E

D¢ 0 .. al 0

Mark-S Minicomputer to TV-Type­
writer interface

The Mark-8 Min ic::omputer may be used
with the TV-Typewriter to display compu­
ter generated information. The interface
uses either the A or B Output Port
strapped to the specific output code , 1-7,
that you select. The A and B output ports
have strobe lines which are pulsed during
the output cycle. Th ese two lines are
found above the B output l ines and below
the A output lines on the printed circuit
board. These strobe lines provide us with
the Keypressed signal required to enter
data into the TV Typewriter. A monostable
is attached to this strobe line to stretch
the pulse width and the 10 I-lF capacitor
used for debouncing is removed from the
TV-Typewriter. Th is is C17 shown in Fig . 8
of the TV-Typewriter booklet.POWER TO PIN 15

GROUND TO PIN B

10K

Q 4 KEYPRESSEO C

15

0,1 TO
0.471'F

yl(-....-"'\,M,--O +5V

1/2
74123STROBEQ-- --.j

FROM
OUTPUT

PORT

• For more detailed data on the Microprocessor
IC write to Intel CorP. , 3065 Bowers Ave. , Santa
Clara , Calif. 95051 - ask for a copy of ' '8008, 8-Bit
Parallel Central Processor Unit-Users Manual. This
manual was offered free at the time this article
went to press .

1/2SN7402 QUAD NOR GATE

":JD??::"B7 B7

01 for proper data output. OUT = 01 OIM
MMI. The MMM bits are set to the binary
equivalent of the decoder state selected for
that particular output port. For example 01
01.0. U I would output data at output port 3,
since 011 = MMM = 3.

The LED Register Display module pro­
vides you with a visual indication of the con­
tents of the HI and La address latches and
the memory data in the selected memory lo­
cation indicated by that address. Output
port 0 is also located on the Readout module
and it may be used in programming to give a
visual output of a byte of data. Each of the
output registers is represented by eight
LED indicators, I = ON , 0 = OFF. As the
data held in each register changes, so do the
indicators. Data to be displayed at output
port 0 must be sent with an OUT instruct ion
01 010001 or 121 8.

Since the H I address latch is used for
some control functions and the La address
latch may also be used for temporary stor­
age of data going to the output ports , at var­
ious times in programs the data in these reg­
isters wi ll change from a memory address to
these control and output data and then back
to an address. Checking this data visually in
these registers during the debugging of a
program is very helpful.

The power supply requirements of the
Mark-S are + 5 Vdc at 3 amps and - 9 Vdc at
1.5 amps. Since regulation at these high cur­
rent levels is critical we suggest that the
power supply or supplies are purchased.
There are many good power supplies on the
surplus market that may be used with the
Mark-S. The type used with the prototype is
listed in the complete parts List. A substi­
tute , avai lable from Wortek, 5971 Re seda
Blvd., Tarzana, Calif. 91356 will work as
well. Order part numbers PRS- l and PRS-3 ,
each $25 .00 R-E

FROM ASCII
KEYBOARD

TO lTV-TYPEWRITER OR
MARK-B MINICOMPUTER

HOOKUP THE MARK·8 COMPUTER TO YOUR TV TYPEWRITER using the circuits shown above and
to the left. Wiring to the TV typewriter is just direct connections·(above). The IC monostable (left)
stretches the pulse width. Together, the TV Typewriter (Radio-Electronics, September 1973) and the
Mark-8 make a powerful computer package.

This is the second time that Radio-Electronics has presented a construction article in
the fashion. We are doing so, only because of the special nature of this story and to
make it possible for interested readers to get full details on the computer in a single
package, These details include fu ll-size printed circu it patterns and parts layout
overlays, We do not intend to do an article this way as a regu lar practice, All
conventional construction articles will be published , complete , within the regular
pages of Radio-Electronics.-Editor

SOFTWARE EXAMPLE

Data in the A register is output to the short tim ing loop so that it can not go
TV-Typewriter as a complete ASCII faster than data may be entered to the
character. The computer then enters a TV-Typewriter memory.

000 006 LDAI ILoad A with data

001 177 177 IData = 177 = ASCII " ?"

002 106 JSUN OUTPUT IJum p to OUTPUT su broutine

003 040

004 000

005 000 HALT IStop, end of program

040 123 OUTPUT, oun IData from A to output port 1

041 026 LOCI I Load C Immediate

042 004 004 IData

043 031 LOOP, DECO IDecrement 0

044 110 JPFZ, LOOP IJump on a false zero flag
to LOOP

045 043

046 000

047 021 DECC /Decrement C

050 110 JPFZ, LOOP IJump on a false zero flag
to LOOP

051 043

052 000

053 007 RTUN IUnconditional return to main
program
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