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16K RAM

PERSONAL
COMPUTER

0nh§29900

Special Factory Price

WHAT A SMART CHRISTMAS PRESENT!
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THE EDUCATIONAL COMPUTER

® Learn to program a computer
Learn to operate a computer
For Students

For Hobbyists

For the Professional

For Small Business

For the Home Owner

QUALITY COMPUTER AT A
PRICE ANYONE CAN AFFORD

Great for learning to program and operate a
computer, with all kinds of features-built in for
students, hobbyist, the professionals, small
business and homeowners. It has a powerful
8080A intel microprocessor brain. 16K Dyna-

‘mic RAM, 2K ROM, Real time, a High Speed

Cassette Deck that operates at 1500 Baud;
loads and reads 5 times faster than most com-
pacts, it has a full 53 typewriter layout key-
board. The graphics are 8 colors with 77 x 112
resolution, text display is 12 lines of 17 charac-
ters, it also has sound and color, includes an AC
adapter; power cord, R. F. modulator, TV
switch box and 8' connector cable. It is FCC,
CSA approved and UL listed. All this built into
an attractive black console plastic case. Comes
in sturdy shipping carton that measures 20"
long x 12" wide ana 8" depth. Weighs 16 Ibs.

AN INCOMPARABLE
SCHOOL TEACHER

Prepare yourself for the future! You can learn
to operate and program a computer for job
opportunities in the computer revolution. Our
Level 1l basic is a version of Microsoft® and
is equivalent to all Level Il Programs currently
available. This basic includes a super set of
operations in floating point with integer and
string arrays, direct memory access, PEEK and
POKE, direct statement execution, two charac-
ter variable names, user definition functions,
multi-statement lines, editing, scrolling, file
management and more! 8080A MACHINE
LANGUAGE AND EDITOR PROGRAMS ARE
AVAILABLE.

Since the computer can talk, play music and
perform in color IT IS A PHENOMINAL TEA-
CHER, You can now use the TV to EDUCATE
not frustrate your family. You will eliminate
TV boredom with programs that challenge, sti-
mulate and entertain you. Create your own pro-
arams or select from over 30 programs offered.
IT IS A BRILLIANT MUSIC TEACHER. You
can practice on the piano keyboard overlay,
select key and tempo, write a tune and record.
It has a great color art program, you can im-
prove your memory, math, spelling, vocabulary
and sharpen vyour strategy skills. IT IS A
GREAT TUTOR FOR YOUR KIDS.

A MOST EFFICIENT
BUSINESS TOOL

It comes ready to handle a wide range of busi-
ness applications. The Level |l Basic and 16K
Byte system capacity give you the instruction
set and the room to write your own programs
for payroll, inventory, client records, etc. For
accountants, attorneys, doctors, salespeople
and small businesses; Calculator, Financial
Library 1 and 2. Check Book Balancer and
Message Center programs are offered.

IT ALSO PLAYS GAMES

A total entertainment center with color, sound,
and music. There are Chess, Backgammon,
Star Track, Black Jack, Volleyball, Touchdown,
Hangman, Showdown, Computer Maze, Break-
through and more! Challenge the computer or
another oppanent, Each game brings the family
and friends together for hours of quality fun.

SERVICE AND WARRANTY

If the unit fails because of factory defect within
90 days of purchase, it will be repaired at no
charge for labor and parts - you just send the
unit United Parcel prepaid to the Service Center
designated and it will be sent back to you
promptly United Parcel prepaidl A complete
Diagnostic program tape and instructions are
available. You can get a Service manual, Cas-
sette alignment tape, Schematics, and parts list
plus a Money Saver Service and Warranty Card.
Everything you need to check and service your
computer.

IT CAN BE EXPANDED AT LOW COST

It is a single board computer. RS232 interface is
available at $99.50 for adding printers and
telephone modems. A telephone modem allows
you to access ""MICRONET"”, “SOURCE" and
other data banks. You can also communicate
with other computers. It is possible to increase
the RAM to 32K and the ROM to 16K. We plan to
offer a low priced expander January '81 for
basic in ROM and 16K Additional RAM. Our
Factory sponsored National Computer Club
membership is available to learn from other
Owners the Fantastic things you can do with this
computer.

PRICE COMPARISON

Competitive 16K RAM Personal Computer
Suggested List prices are: Radio Shack $849,
T. |. $950, Atari $1,125, Appie $1,195, Ohio
Scientific $850. Radio Shack's TRS-80 that
has only 4K RAM, no color, or sound, sells
for $499,

WHY SUCH A LOW PRICE

Selling on a factory direct to customer basis,
we save you the profit normally made by com-
puter stores and distributors. You also save the
cost of a computer monitor as this computer is
FCC approved and designed to hook up to any
TV antenna terminal. We are willing to take a
small margin at the factory to develop volume
that allows lowest cost operation.
CIRCLE NO. 64 ON FREE INFORMATION CARD

SPECIAL FACTORY PRICE $299.00

You get the Interact MODEL “R" computer
that includes 16K RAM, 2K ROM, 8080A
microprocessor, color, sound, full 53 key board,
high speed cassette deck, power cord, AC adap-
tor, connector cord rack, tape storage tray, 8’
connector cable, R.F. modulator with TV
switch box and owner’s manual.

SPECIAL FACTORY PACKAGE PRICE
DEAL $399.00

Everything you get for $299.00 plus: LEVEL |1
DOCUMENTATION: Level 1l user's manual,
Level || Basic Program Tape, Level 1| Command
Cards, Level 1l Basic Examples Book. SERVICE
AND WARRANTY PACK: Diagnostic Program
Tape, Diagnostic Instruction Manual, Service
Manual, Cassette Head Alignment Tape, Sche-
matics and Parts List, Money Saver Service
and Warranty Card. Two 8 AXIS ACTION
CONTROLLERS with Pot Knob, Firebutton
and Lever, THREE PROGRAM TAPES. (Every-
thing you need to learn to operate, program
and service your computer).

FREE TRIAL OFFER - RETURN WITHIN
15 DAYS UNITED PARCEL PREPAID
COMPLETE AND UNDAMAGED FOR FULL
REFUND OF PURCHASE PRICE.

DON'T MISS THIS SALE - ORDER NOW
FOR CHRISTMAS

[J Please send me the mode| “R™ 16K
RAM computer for $299.00.

[ Please send me the SPECIAL FACT-
ORY PACKAGE PRICE DEAL FOR
$399.00.

Add $15.00 for shipping and insurance.
Illinols residents add 6% tax.

ENCL.OSE CASHIER'S CHECK, MONEY
ORDER OR PERSONAL CHECK. Allow
14 days for delivery. 21 days for personal
check orders.
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Name

Address

City

State Zip

O wvisa 0O Master Charge [0 C.0.D.
Card No. Exp.

PROTECTO
ENTERPRIZES

BOX 502, FRANKLIN PARK, ILLINOIS 60131
Phone 312/ 382-56244 TO PLACE ORDERS

N May 1980, our first article on de-

signing with microprocessors, “It’s a
Whole New Ballgame,” showed how,
with an understanding of just a few
instructions and very modest hardware,
one could build a microprocessor-based
combination lock. However, to imple-
ment more generalized microprocessor
product design with confidence, addi-
tional skills in programming and with
hardware are required. Development of
these skills will be the theme of this and
future articles.

This article describes the use of input
and output ports and how the micropro-
cessor interfaces with peripheral hard-
ware such as random access memory
(RAM) and read-only memory (ROM).
We will go on to the construction of an
1802 microprocessor product develop-
ment system. This is an inexpensive sys-
tem (professional models cost thousands
of dollars) that allows the processor to
be programmed, tested, and debugged
for a particular application. The unique
property of this system is that it is con-
tained on two separable circuit boards:
the product board and the programming
board. The former becomes part of the
finished project—whatever that may be;
the latter is used to progrant other prod-
uct boards. . I

The product or application board we
will describe includes a CPU (central
processing unit), a crystal-controlled
system clock, 1024 bytes of RAM, 2048
bytes of ROM, one 8-bit input port, one
8-bit output port, address latches and
decoding, buffered CPU flag inputs,
Q output, INTERRUPT/DMA (direct
memory access) request input, a POWER
ON CLEAR circuit, and battery backup.

MICROPROCESSOR APPLICATIONS FOR THE 80

PART 11

s

OW YOU CAN BUILD
MICROPROCESSOR
PROJECTS USING AN
INEXPENSIVE PRODUCT
DEVELOPMENT SYSTEM!

BY GEORGE MEYERLE

The product board is shown at top, and the
programming board below.

The board uses bus connectors to plug in
the programming board as well as addi-
tional product expansion cards or boards
such as additional I/O, memory, A/D.
graphics keyboard, cassette [/O, etc.
The programming board that we will de-
scribe includes a hex keyboard to input
programs, six 7-segment displays that
show the status of the address and data
busses, a variable-speed single-step sys-
tem used to step through the program,
LEDs on the MODE and STATE CODE lines
of the CPU to indicate what the proces-
sor is doing, and a series of switches to
completely control the action of the
CPU. Functions include RESET, RUN/
EXECUTE, WAIT, LOAD, INPUT and MEMO-
RY PROTECT. (This programming card is
not necessary if you already own an EIf

II; the product board plugs into an EIf IT
and can be programmed directly.)

Product Board Operation. The cen-
tral component of the product board is
the microprocessor (CPU), which con-
trols the activities of all the peripherals.
For the time being, we will not be con-
cerned with what happens inside the
CPU, only with external effects and sig-
nals. The following is a description of
events and signals present at the CPU
during various operations. (See Fig. 1.)

Clock. The clock signal required by
the processor is generated by an external
oscillator. It is used by the CPU to pro-
duce internal and external timing sig-
nals needed to control the peripherals as
well as to transfer signals and data inter-
nally between parts of the CPU.

CPU Mode Control. Two processor
mode-control pins completely control
the CPU action. They are labelled WAIT
and CLEAR. The line (vinculum) over the
name indicates that a low-logic level (0
volts) at that point will cause the stated
effect. To change the CPU mode, we
simply have to present the CLEAR and
WAIT lines with the logic levels shown in
Fig. 2. When we want to put the proces-
sor in the RESET mode (CLEAR low, WAIT
high) certain internal registers are set to
predictable states. It will suffice for the
moment to realize that the program
counter is set to 0. This insures that
when the mode is changed from RESET to
RUN Or LOAD, the first address issued by
the CPU will be 0000. When the CPU is
put into the LoAD mode (must be pre-
ceded by RESET), it is possible to load a
program into memory via the direct-
memory access line of the CPU. The
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microprocessor
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Fig. 1. Events and signals present at the CPU during various functions.

program is loaded directly into memory
from the hex keypad during this mode.
When the CPU is in the WAIT or PAUSE
mode, the internal timing generator does
not function. The clock continues to run
but it is ignored. Note that the data,

CLEAR WAIT MODE -
1= L Load
L H Reset
H L Pause
H H Run

address, and other control lines may not
have valid data or status in the WAIT

Fig. 2. Logic needed to change CPU Mode.

mode.

The rUN mode (both CLEAR and WAIT
high) may be entered from a PAUSE or
RESET mode. Remember that the first
machine cycle following a reset to RUN is
followed by a memory fetch at address
0000. This is extremely important and

State Type State Code Lines
SC1 sSco

S0 (Fetch) L L

S1 (Sxecute) i H

52 (DMA) H L

S3 (Interrupt) H H J

simplifies the hardware interface.

State Code Lines. When in RUN, the
CPU can perform only one of four types
of operations. They are: INSTRUCTION
FETCH, also called so (S an abbreviation
for “‘state”), EXECUTE, Sl1, a DIRECT
MEMORY ACCESS, S2 or INTERRUPT, S3.
Ignoring bMA and interrupt for the mo-
ment, we can say that the CPU is simply
either fetching instructions or executing
them. A FETCH requires one machine cy-
cle (each machine cycle is made up of
cight clock pulses). EXECUTE requires
one or two machine cycles, two required
only during long-branch operations.

The State-Code lines labelled sc1 and
sco are used to tell the peripherals which
type of operation is being performed by
the processor. (See Fig. 3.) Note that
during FETCH, both sCI and sco are low;
during EXECUTE, sC1 is low and SCo is
high.

Timing Pulses. (In addition to the
state code lines, there are TIMING PULSE
A and B (Tpa, TpB). These signal the
peripherals when the address, data and
1/0 COMMAND lines are valid and other
internal operations are completed.

MEMORY READ and MEMORY WRITE
LINES. These, designated MRD and MWR,
are both active with logic low. MRD is
present when the processor wants data
from the memory. MRD must occur dur-
ing a FETCH when the processor is read-
ing memory for its next instruction. It
must also occur during an OUTPUT exec-

62

Fig. 3. State code lines define operation

ution when the data is being transferred
from the memory to an output port, as
well as during BRANCH, and other mem-
ory read operations. MWR is present only
when the processor is writing data into
memory. Data may originate in the
CPU or from an input port.

Input Flags. The input flag lines, EFI,
TF2, EF3, EF4 are tested by the micropro-
cessor and often used as single-signal in-
put ports. The flag lines are tested dur-
ing an EXECUTE. Remember that these
lines are active low.

o-Line. The Q-line output can be set
high or low by a program instruction.
The status of the o-line can be tested by
conditional BRANCH instructions. Q is a
single-signal output port and can control
relays or other devices.

MEMORY ADDRESS Lines. These eight
lines are multiplexed. The high-order
eight bits of the 16-bit address are pres-
ent first; at the end of the TPA the low-
order bits are presented. If the system
memory is larger than 256 bytes, addi-
tional hardware is needed to record
(latch) the high-order bits so that all 16
are presented simultaneously to the
memory. The trailing edge of the TPA
“can be used to signal the latch when the
high-order addresses are valid.

pATA BUS Lines. These eight-bit-bi-
directional lines transfer data between
the memory, CPU, and 1/0 devices.

(Continued on page 64)
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Fig 4. The timing diagram is used to show signal relationships.
Shaded areas indicate undefined state when multiple transition may occur.

POPULAR ELECTRONICS

IF THERE'S A MAXELL GASSETTE

INTHIS CAR AND IT DOESN'T WORK

E'LLREPLACE IT.

If you own a car stereo, you've probably already discovered that many

cassette tapes don't last as long in your car as they do in your living room.

Conditions like heat, cold, humidity, and even potholes can contribute to

a cassette’s premature demise.

At Maxell, our cassette shells are built to standards that are as much as
607% higher than the industry calls for Which is why we can offer you the
best guarantee iri the industry. An unconditional lifetime warranty.

So if youd like better mileage out of your

cassette tape, try Maxell. Even after 100,000 miles

on the road, it'll run like new.
If only they made cars this well.

Maxell Corporation of America, 60 Oxford Drive, Moonachie, N.J. 07074.
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Fig. 6. How to determine

load resistances

on output ports. In circuit
above, minimum relay coil

resistance is 2.1

k2. The

relay is active when the
output is high. In the lower
circuit, minimum relay
resistance is 820§ The
relay is active when the

output is low.

®F1G 7B

Al RELAY
oUTRUT B e
PORT g
d
q
q
¢
T0 RELAY
OUTPUT o [ h—26i
PORT q
d
q
q
q
+5V
[ +5V
c4 k
RaE§R9 RIO
RUN 2z
B wil o A
oo — 1
LOAD —— )C T
s 9
~—
ness'r.] 5 6
o oy ()
= IciT
WAIT 13,
1 5 12
+5V—8 7 T

@ FIG 7B

i

Q}L_@m o
®

D )ricTe

FIG 7B

(A)

Fig. 7. Programming board circuits (A through F) are shown here and opposite

through the trailing edge of TPB. When
the CPU reads from the data bus, data

_ is latched into the CPU during TPB. 1/O

COMMAND lines No, N1, and N2 are valid
from the beginning of TPA to the end of
TpB. The CPU tests the flag lines during
an si cycle; the CPU responds to control
signals WAIT and CLEAR during TPA, and
samples DMA and INTERRUPT during
TPB. Some conditions are valid only dur-
ing certain types of machine cycles. For
example, DMA is sampled only during
machine cycles s1, 82, or S3.

Interfacing Memory. Having stud-
ied the signals present at the CPU, let’s
look at the schematic of the product
board shown as Figs 5A through 5G.
Data, in this case the high-order address
bits, are latched into the @ outputs of the
flip-flop during a low-to-high transition
on the clock input. This low-to-high sig-
nal is produced through inversion of TPA
. o e oo S L hllh 1 .
PARTS LIST— w
 PROGRAMMING BOARD

| €C1,65—1-uF, 16-V electrolytic

| C2,63—0.15-uF Mylar capacitor

| C4—2.2-uF, 18-V electrolytic
C6,C7—22-uF, 16-V electrolytic

CB—O0.1-uF disc ceramic capacitor

D1 through D13,D15—1N4148 switching
diode

D 14— 1N4001 rectifier

DIS1 through DIS6—Common-cathode,
seven-segment LED display

IC1—74C923 CMOS 20-key encoder

IC2—74C173 CMOS TRI-STATE quad D
flip-flop

IC3,1C4—CD40 16 quad bilateral switch

IC5,IC15—CD4013 dual D flip-flop

IC6,IC14—74LS08 quad 2-input AND gate

IC7 through IC12—MD 4368 hexadecimal-
‘to-seven-segment decoder

1C13,IC19—74LS04 hex inverter

IC16,IC17,1C18—74LS10 triple
NAND gate

LED1 through LED5—Red light-emitting
diode (HP5082 or equivalent)

The following, unless otherwise specified, |
are Va-watt, 10% tolerance, fixed carbon
composition resistors.

R1—15Q, 2 W

R2,R6,R7 through R10,R18,R19—4.7kQ

R3— 1-MQ, linear-taper trimmer potentiom-
eter

R4 —22kS

R5—1 MQ2

R11,R14 through R17—470 Q

R12—200

R13—47kQ

Misc.— Suitably etched and drilled, double-
sided printed circuit board with plated-
through holes and gold-plated edge-con- ‘
nector contacts; 86-contact edge con-
nector with gold-plated contacts; 22 nor-
mally open, momentary-contact pushbut-
ton switches (this includes those com-
prising the hexadecimal keypad); two
spdt toggle switches; IC sockets (seven
16-pin, eleven 14-pin) or Molex Solder-
cons; suitable hardware; hookup wire;
solder; ete.

3-input
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by IC9. The high-order address lines A8
to Al5 are therefore present at the @
outputs of ICI2 and ICI3. Now, with
the full 16-bit address present on the
memory address bus, we can look at how
the RAM ICI and IC2 and ROM IC3
are actually addressed. RAM ICI and
IC2 contain 1,024 different memory
cells or addresses; while ROM IC3 con-
tains 2,048 different cells. The CPU is
capable of addressing 65,536 different
cells or addresses. To uniquely position
our blocks of memory in the 65,536 ad-
dress field, we must decode the upper
address lines. If we want to address a
RAM (ICI or IC2 for example), we
need 10 address lines, AO through A9
(2'© =1024). Note that on the 2114s,
pin 8 is a chip-select line, active when
low. The pin, when active, connects the
memory cells to the data bus.

The 1,024 block could be addressed in
any of 64 different blocks in the 65,536
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nr

<7 TOBV

1000uF
ESY Fig. 8. Use this
circuit to connect
-__I_— an 8-volt dc supply

to the Product Board.

address field. Address lines A10 through
AlS5 are decoded to select a specific
field. If all the inputs to eight-input
NAND gate ICI7 are high, the output
on pin 8 will be low and the RAM mem-
ory will be selected. The six address
lines can be connected to the inputs of
the NAND gate either directly or
through hex inverter ICI6. The use of
inverters at selected address lines allows
64 (26) different possible locations for
the block of memory.

To determine which address lines re-
quire an inverter, write the binary equiv-
alent of the first address in the block of
memory. Label the high-order six digits
A15 through A10. An inverter must be
used at all locations with a O binary
digit. To locate the memory block at
FO0O (hex), we would use an inverter on
address 11 and connect Al12 through
A15 directly to the NAND gate. If only
one memory block is used and it is to be
located at 0000, the chip-select CS line
can be grounded and IC’s 14, 15, 16,
and 17 can be removed.

The same principle is used in the 2K

bank-select, using [C14 and ICI5 to lo-
cate the position in the memory field for
1C3.
. To finish our discussion on the memo-
ry, let’s look at the MEMORY READ and
MEMORY WRITE lines. /CI and IC2 de-
posit their data on the bus whenever the
TS line is low so there is no need to have
the CPU READ signal connected. The
MWR (P) is connected to pin 10. When
the CHIP SELECT and MWR lines are low,
the information on the data bus is copied
into the memory cell address. Data
flows from IC3 to the data bus only
when both the €S and MRD lines are low.
Although the position of IC3 is princi-
pally intended to be filled by a 2716
EPROM (which requires that pin 21 be
tied high), a 2K RAM can be used
instead by connecting its pin 21 to MWR.
If you plan to use a 2K RAM at IC3,
check the specs carefully for signal re-
quirements. Finally the MEMORY WRITE
line, pin 10 (/CI and [C2), is labelled
MWR (P). The P means that the memory
can be protected against accidental writ-
ten data by groundmg pin 9 of IC8,
which prevents MWR from reaching the
memory. This line, MP, is also connected
to pin 43 on the 86-pin bus.
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Interfacing 1/0 Ports. Integrated
circuit /C5 has pin | tied low and acts as
an input port. It has eight input lines
that can be connected to external equip-
ment via plug P2. These inputs, typi-
cally, would be connected to the status
switches on a robot, alarm system, etc.
When the data is valid and to be read,
IC5’s cLock line (pin 11) is externally
made high. This latches the data into
the input side of the port. A high-to-low
transition of the cLock line causes the
input data to be latched into the input
port’s output register and simultaneous-
ly sets the SERVICE REQUEST line, pin 23,
low. At this point, the output drivers of
IC5 are disabled and the data is not yet
on the bus. The SERVICE REQUEST line of
IC5, pin 23 can be connected to the
CPU flag EF3, INTERRUPT, or DMA. If
you use EF3, your program must interro-
gate EF3 and issue an instruction that
results in the transfer of data from the
port to a memory location designated by
the program, as well as to the D register
in the CPU. Actual data transfer takes
place when /C5’s c¢si and cs2 both go
high. This enables the output drivers
and puts the data on the bus. At the
same time, SERVICE REQUEST is reset.
Voltage at the inputs must be in the
range of —0.5 to 5.5 volts dc. This is
true of all the gates and inputs that we
will discuss.

Output port /C4 is identical to input
port IC5. Tying pin 2 high converts the
chip to its output mode. Data is latched

To Output Port

0000 OUT 1 61 Output
next byte
0002 FF  All1's

0003 IDL 00 Idle

nto the port when €SI is low during a
AEMORY READ and Cs2 is high during an
sutput instruction, and when TPB is high.
Data is immediately transferred to the
output lines and is available at plug P3.
A SERVICE REQUEST pulse is generated
by the port after MRD line goes high.
This pulse can signal the receiving de-
vice that new data is available.

The output lines can be connected to
low-current relays or other digital de-
vices. The 1852 will deliver up to 2.3
mA when the output is high or will sink
up to 6 mA when the output is low. See
Fig. 6 to determine the maximum and
minimum resistances that may appear
as loads on this port. Input and output
commands can be changed by connect-
ing pin 13 to a decoded N line (decoder
must be on an expansion board). The
output instruction for this board is 61
and the input is 6B. A final detail
regarding the [/O ports is pin 14 CLEAR.
A low on this line resets the port’s regis-
ters and the SERVICE REQUEST output.

nTerrUPT/DMA Interface. As shown
in the CPU timing diagram, pMA and
INTERRUPT lines are only sampled for a
short interval by the CPU. Therefore we
must hold the request low until the CPU
acknowledges that it has been received.
This is done by flip-flop /C10B. A nega-
tive-to-positive pulse at pin 11 (clock)
sets pin 8 low. Pin 8 can be connected to
either the TNT or DMA OUT line on the
CPU. If an interrupt is chosen, pin 8 of
IC7 will go low because the STATE CODE
lines sco and sci1 will both be high. (See
Fig. 4.) This will reset JCI0B and signal
the device requesting the interrupt that
the CPU has responded. Jumper 7, A to
C, must be connected. If /CI0B pin 8 is
connected to DMA ouT, /C7 pin 11 will
go low when the STATE CODE lines indi-
cate that DMA is in progress, again reset-
ting the flip-flop and acknowledging the
DMA request via jumper 7, A to B. These
examples illustrate the importance of
understanding timing diagrams.

Fig. 9. Use the program at
left to output a byte

and the onc below to
input a byte.

0000 LD1 F8 00 B1

0003 LD1 F8 10 A1
0004 Set X E1
0005 IN3 6B

0006 Out4 64
0007 IDL 00

To Input Port

Load 00 in high order Reg. 1
Load 10 in low order Reg. 1
Set X to

Input data

Display it on program board
Idle
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POWER ON/cLEAR Circuit. 'This auto-
matically resets the CPU in the event of
a power failure. Its usefulness depends
‘on the retention of data in memory de-
spite power loss, which means that the
memory or program memory must be in
ROM. When the CLEAR line on the CPU
is held low with the waIT line high, the
CPU is reset. This condition is met on a
power up because the CLEAR line is held
low by IC9 until CI charges. This delay
lets the onboard crystal oscillator stabi-
lize before program execution begins.

The crystal clock generator (2 gates
of IC9) generates a 3.578-MHz square
wave. The D-type flip-flop ICI0A4 is
used to divide the frequeney by two. The
1802 clock input is connected to pin 5 of
ICI0A. A CTLOCK signal is provided to
drive a color video system in an expand-
ed setup.

Buffers and Power Supply. Input
and output buffers in /C6 isolate the
external flags and Q lines from the CPU.
Buffers are far less costly than CPUs
and can serve as protection against volt-
age transients and short circuits that
may occur in the outside world., Addi-
tionally, they are capable of sourcing
and sinking larger currents than can
CPU lines.

The power-supply regulator Q2 will
deliver up to 500 mA dc. The program-
ming board also gets its power from this
source. The power requirement of the
product board, fully loaded, is 110 mA.
An optional NiCd battery pack can be
added (four 1.5-volt cells) to power the
product board for about 2 hours in the
event of a power failure.

Programming Board. The purpose
of the programming board is to load a
program into the memory on the prod-
uct board and then test the program and
hardware. It can be disconnected from
the product board when the program-
ming and testing are complete. The pro-
gramming board: (Figs. 7A through 7F)
is connected (via the 86 pin bus) to the
CLEAR and WwAIT lines on the CPU;
therefore it can place the CPU in any of
its four modes, displaying the mode se-
lected on LED! and LED2. Two LEDS
(LED3 and LED4) on the STATE CODE
lines identify the type of CPU machine
cycle in progress. .

The hex value of the- ermre 16-bit ad-
dress line is displayed on 7-segment dis-
plays DIS1I through DIS4. Two 7-seg-
ment displays (DIS5 and DIS6) per-
form the same function for the data bus.
Data bus displays are also configured as
an output port responding to a 64-output
instruction. A hex keyboard is connect-
ed to the data bus via two 4116 gates.
ICI converts the hex value of the key
press to its 4-bit binary equivalent.
When a second key is pressed, the value

(Continued on page 74)
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of the first key is stored in JC2. This puts
a full 8-bit number on the input side of
the 4016 gates /C3 and IC4. If the CPU
is in the LOAD mode, pressing the INPUT
button will load the binary value of the
two keys previously pressed into the pro-
gram memory. This is accomplished by
pin 2 of /C5 pulling the DMAIN line low,
causing the contents of the data bus to
be directly loaded into the memory loca-
tion specified by the register 0 in the
CPU. The CPU will acknowledge the
DMA by issuing a high on sci. This is
used to reset flip-flop IC5. The INPUT
switch is also connected to the EF4 line.

The hex keyboard also can be used to
input data during a program. It is con-
figured to respond to a 6C instruction.
The RUN, LOAD and RESET buttons are
connected to three NAND gates of
ICI17. These gates are flip-flops that ap-
ply the appropriate logic levels to the
CLEAR and WAIT lines which control the
CPU mode. The walT switch will cause
the CPU to pause. It is arranged so that
the pause will only occur between TPA
and TPB to insure that valid data and
addresses are displayed when the WAIT is
issued. The single-step mode allows the
operator to execute the program one
step at a time, observing the STATE
CODES, Q line, data and address lines, as
well as the action taken by external re-
lays and components, etc. Jumper JI
can select the stopping point during the
single-step mode. If J/ is connected A to
C, then the program will stop only in a
FETCH cycle. If JI is connected B to C,
the stopping point will be each machine
cycle at the trailing edge of TPB. You
may want to try this initially to get a
better understanding of the CPU opera-
tion. However, eventually you will prob-
ably connect JI to HALT only in the
FETCH mode.

Remember to consult the timing dia-
grams to interpret the contents and
meaning of the ADDRESS and DATA bus
signals.

Slow-Step Clock. Formed from
IC19, the speed of the stepping or tog-
gling clock is controlled by R3. Hold the
STEP toggle button depressed, and adjust
R3 for the clock speed desired.

Test Procedure. To test the combi-
nation of the product and programming
boards, install the six 1K bank-select

jumpers (IA to G). This will locate the

1K memory at 0000 hex. Connect the
input ports so that jumper 1 connects
from terminal A to EF3 and jumper 2
between A and B, selecting instruction
61. Connect the output port jumper 3 A
to B, the 1K memory-select jumper 4 A
to B. Jumpers 5, 6 and 7 are not
required at this time. Install the follow-
ing jumpers on the programming board:
J1 A to C, J2 B to C. Now connect an

8-volt dc supply between the 8-volt input
and ground on the product board. Use
the circuit shown in Fig. 8. Apply the
power with no ICs installed. Check the
output of the 7805 regulator Q2 on the
product board. The voltage should be
=+ 5 volts, = 5%. If not, correct the prob-
lem before proceeding.

Remove the power, install the ICs,
and plug the programming board into
the product board. If you are using an
EIf II to program the product board,
remove the 1802, 2102’s and the 1861
video chip. (The 1861 will interfere with
the I/O port allocation unless you use
your giant board to reallocate I/O in-
structions to IC4 and ICS5 on the prod-
uct board.

When power is applied, the 7-segment
displays should light up. With the latch-
ing switches up, press the RESET button.
The RESET LED should be on, as well as
sco. PAUSE, sc1 and @ LEDs should be
off. Press the LOAD button. The RESET

LED should go off. Enter a 7 on the hex

keyboard, followed by a B, then depress
the mNPUT button. The display should
read 0000 7B, indicating that a 7B is
located at memory location 0000. Now
input 7A, followed by a 3A and 00. The
display should read 0003 00. This pro-
gram first turns the @ light on, then
turns it off and BRANCHES back to the
beginning, running in a loop.

Now press RESET, followed by the EX-
ECUTE RUN button. Both the RESET and
PAUSE lights should go on, indicating
that both the WAIT and CLEAR lines on
the CPU are high or that the CPU is in
the RUN mode. The @ light should glow.
It is being turned on and off by the pro-
gram. Now press the WAIT button. The
PAUSE light should stay on, the RESET go
off. The program can now stop at any
point in the loop. Remember, it stops in
any machine cycle, so it may stop in a
FETCH or EXECUTE.

Depress E again. The program will
start up where it left off. Try it a few
times, noting that the program stops
only at address 0000 through 0003 and
that the @, sco and sc1 LEDs may or
may not be on. Try to estimate where
the CPU has stopped. Now depress the
S (sTEP) button. Then depress E, hold-
ing the T (TOGGLE) button down. Rotate
R3 until you can follow the program.

Note that the addresses displayed are
one step ahead of the action on the data
bus display and the @ LED. This is
because the SINGLE-STEP stops at the be-
ginning of a FETCH, while the DATA dis-
play and the @ LED are indicating the
previous machine EXECUTE cycle. Refer
to Fig. 4 and follow the timing diagram
through the single-step mode.

To examine memory, press RESET,
LoaD and p (Memory Protect). Remem-
ber to release the SINGLE-STEP button.
Now, pressing INPUT will allow you to

POPULAR ELECTRONICS

step through your program. Pressing
and holding the TOGGLE button will al-
low you to review it at a rate determined
by R3. The M button is not used at this
time. Provisions have been made to add
a system monitor which will be activated
with this button. To test the I/O ports,
write a small program such as those in
Fig. 9 using them.

Construction. Assembly of the devel-
opment system is basically straightfor-
ward, but because of the complexity of
the circuitry, use of pc boards is virtual-
ly a necessity. The boards are double-
sided and very difficult to make, and
their purchase is recommended. Because
of their size, the foil patterns are not giv-
enhere. The patterns and component lay-
out guides may be obtained by sending
a self-addressed 8-inch by 10-inch envel-
ope with two units of postage to Edito-
rial, Dept. MP, Popular Electronics,
One Park Ave., New York, NY 10016.
Several of the ICs are MOS devices and
require the standard handling precau-
tions.

Once you have assembled and
checked out your development system,
you will be well on the way to proficien-
cy in designing with microprocessors.
The scope of projects you can design and
build is limited only by your imagination
and ingenuity. Considering the vast pos-
sibilities offered by microprocessors, you
may want to order a supply of several of
the product boards. 9]

PARTS AND KIT
AVAILABILITY

The following items are available from
Netronics Research and Development,
Ltd., 333 Litchfield Road, New Milford,
CT 06776: complete Product Board kit
including all components appearing in
Product Board parts list, $59.95;, com-
plete Programming Board kit including all
components appearing in Programming
Board parts list, $79.95. The following
are also available individually: Product
Board printed-circuit board only, $25.00;
Programming Board printed-circuit board
only, $29.00; 86-contact edge connector
with gold-plated contacts only, $5.70; 8-
volt power supply including plug-in trans-
former/bridge rectifier/filtér. capacitor
assembly, $8.95. Postage, handling and
insurance charges for U.S.A. orders:
complete Product Board kit, $2.00; com-
plete Programming Board kit, $2.00;
Product Board pc board only, $1.50; Pro-
gramming Board pc board only, $1.50;
86-contact edge connector only, $0.50;
8-volt power supply, $0.80. Connecticut
residents, add state sales tax. Toll-free
telephone number for ordering purposes:
1-B00-243-7428.
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use personal computers. BYTE is your personal guide to the new
era. BYTE tells you how to build, buy, and use computers for fun,
practical purposes, and profit. With help from BYTE, you can experi-
ment right in your own home with graphics, word processing,
computer music, speech synthesizers, simulations, robotics,
personal data base management, business computing — and
hundreds of other fascinating hardware and software applications.

Resolve now to expand your computer knowledge.
Subscribe to BYTE!
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