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The
IMSAI 8080.

A commercial
vet personally
affordable

computer.

If you thought you could never afford
a computer at home, think again. The
IMSAI 8080 is built for rugged industrial
performance. Yet its prices are competitive
with Altair's hobbyist kit. Fully assembled,
the 8080 is $931. Unassembled, it's $599.

The IMSAI 8080 is made for
commercial users, and it looks it. Inside
and out. The cabinet is attractive, heavy
gauge aluminum. The heavy duty lucite
front panel has an extra 8 program
controlled LED’s. It plugs directly into
the Mother Board without a wire harness.
And rugged commercial grade paddle
switches are backed up by reliable
debouncing circuits.

The system is optionally ex-
pandable to a substantial system with
22 slots in a single printed circuit board.
And the durable card cage is made of
commercial-grade anodized aluminum.

The IMSAI 8080 power supply
produces a true 20 amp current, enough
to power a full system. You can expand
to a powerful system with 64K of software
protectable memory plus an intelligent
floppy disk controller. You can add an
audio tape cassette input device, a
printer plus a video terminal and a
teletype. And these peripherals will
function with an 8-level priority interrupt
system. BASIC software is available in
4K, 8K and 12K.

Get a complete illustrated
brochure describing the IMSAI 8080,
options, peripherals, software, prices
and specifications. Send one dollar to
cover handling to IMS. The IMSAI 8080.
From the same technology that developed
the HYPERCUBE Computer architecture
and Intelligent Disk systems.

Dealer inquiries invited.
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Dept. RE-6

IMS Associates, Inc.
1922 Republic Avenue
San Leandro, CA 94577
(415) 483-2093
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How the microcomputer controls input/output

devices with software

DAVID LARSEN, PETER RONY,
and JOHN TITUS*

THIS MONTH WE WOULD LIKE TO EXPLAIN
how computer instructions cause an I/0
device to operate. The I/0 device that we
shall choose for our discussion is the opti-
cally isolated solid-state AC relay. These
relays can control any AC power device
within the output current ratings of the
relay. Shown in Fig. 1 are typical solid-
state relays that are available for prices
ranging from $5 to $20 in quantities of
one. Such relays permit a single TTL out-
put signal (logic 0 or logic 1) to confrol
up to 10 amperes of 220 VAC power, as
is possible with the Hamlin model 7522
relay (top center of Fig. 1). Internally,

FIG. 1—=TYPICAL SOLID-STATE RELAYS that
are opfically isolated.

each relay contains a light-emitting diode,
a light-sensitive transistor, a power triac
and a transparent dielectric optical path
that isolates the digital and power cir-
cuifry. It can withstand a voltage differ-
ence of at least 1000 volts,

A typical microcomputer I/Q circuit
that employs the solid-state relay is shown
in Fig. 2. Recall that the microcomputer
sends synchronization pulses, called de-
vice select pulses, to the I/O device. In
Fig. 2, these are the negative-going pulses
from the SN74154 decoder circuit that,
for an 8080 microcomputer, have a time
duration of only 500 ns. It should be clear
that a single 500 ns pulse cannot sustain
the continuous operation of an AC power
device. What is required is a simple “inter-
face” between the microcomputer and
the solid-state relay that would permit the
AC power device to operate continuously,
if it is so desired. A suitable interface is a
single SN7474 positive-edge triggered
flipflop and a single buffer from a
SN7407 hex buffer/driver IC. The buffer
is needed since it is not good engineering
practice to drive a solid-state AC relay
directly from the output of a flip-flop.

With suitable software, the micro-
computer and SN74154 decoder can gen-
erate individual device select pulses that
either clear or set the SN7474 flip-flop. To
clear the flip-flop and turn on the AC
power device, only a single 500 ns pulse
*This article is reprinted courtesy American
Laboratories

is needed. The flip-flop output, Q, will re-
main at logic 0 until a single 500 ns pulse
is applied to the preset input at which time
the AC device will turn off.

Any simple open-collector gate or in-
verter can be used as the buffer between
the output of the flip-flop and the input
of the solid-state relay. Suitable choices
would be the SN7401 or SN7403 2-input
NAND gates, the SN7405 inverter, or the
SN7409 2-input AND gate.

Output instructions

We will discuss microcomputer instruc-
tions in considerable detail in subsequent
columns. To summarize, their exist 78
different instructions for the 8080 micro-
processor IC, and a total of 256 variations
of such instructions. Each instruction con-
tains a single 8-bit instruction code that
indicates which type of operation or group
of operations the microcomputer will exe-
cute. Some instructions contain two or
three 8-bit words that are present in suc-
cessive memory locations. A byte is de-
fined as a group of eight bits occupying a
single memory location. Thus, the 8080
microprocessor instructions are either 8-,
16-, or 24-bits long, with the first eight
bits always being the instruction code.

The output instruction is a 16-bit in-
struction that consists of two successive
bytes located in successive memory loca-
tions. The first byte, in binary code, is
always 11010011. The second byte can be
any 8-bit binary number from 00000000
to 11111111; this is the device code of
the specific output device that will receive
eight bits of data from the accumulator.
The contents of the accumulator remains
unchanged after the instruction is exe-
cuted.

A simple program

The simplest program that incorporates
the output instruction is probably the one
given below:

Memory Instruction
address byte
0 11010011

Description
Send device select
pulse to device
given by following
8-bit device code
Device code for
clear input to SN-
7474 flip-flop
Halt the micro-
computer

1 00000000

2 01110110

An 8080 microcomputer operating at a
clock rate of 2 MHz will execute the pre-
vious program in 8.5 ps. The AC-power
device will remain on once the program
has been executed. To turn off the device,
a slightly different program is required:

(continued on page 24)
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(continued from page 22)

Memory Instruction

address byte
0 11010011

Description
Send device select
pulse to device
given by following
8-bit device code
Device code for
preset input to SN-

1 00000001

after the microcomputer halts. A more
practical program requires additional in-
structions.

Keep in mind that a memory address
contains 16 bits. When we write, “mem-
ory address 0,” we really mean the mem-
ory address corresponding to the fol-
lowing 16-bit binary word: 00000000
00000000. Note that we have split the 16
bits into two parts, the most significant 8-
bits and the least significant 8-bits. The
most significant 8-bits are called the HI

relay shown in Fig. 2 will turn on and off
according to various decisions made by
the program. A typical microcomputer-
controlled system could easily have sev-
eral such relays.

In a more orderly and systematic treat-
ment of the 8080 microprocessor, one
would probably introduce the 8080 in-
struction set prior to the discussion of any
particular instruction, such as the output
instruction described this month. Since
we do not believe that you are willing to
wait several months until we get to the

7474 flip-flop (or ) memory address and the least sig-
2 01110110 Halt the micro- nificant 8-bits are called the Lo (or L) output instruction, we have decided to
computer memory address. Both the Lo and HT ad- treat it first. Tn a future column, we will
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FIG. 2—1/0 CIRCUIT for controlling an AC- i

power device such as a fan, heater or motor.

explain how the 8-line-to-256-line decoder
circuit shown in Fig. 2 generates individ-
ual device select pulses. R-E

The AC-power device will furn off dress must be present for a memory loca-
when the second instruction byte in tion to be accessed.
the program is executed and remain oft With an actual program, the solid-state

It's a fact. The RCA QT (Quick Turnover) |
Parts Program is more than ten years old, |
but it's still brand new as far as keeping ‘
|
|
|

QT Parts are never out of date.

your parts inventory always up to date.
The reason — our computer is constantly
up-dating the three QT parts packages
available. No matter which one you order,
or when you order it, you always get the
most needed parts. This saves you time
and money with no inventory risk.

Choose from three QT parts packages. 1
The smallest, DP50 contains 50 parts;
DP100 contains 100 parts; and the largest, |
DP175 contains 175 parts. And, to make |
inventory control easy, ask your RCA ‘
Distributor about the QT Parts Rack. A i
complete inventory control system for |
storing parts. |
Call your RCA “QT” Parts Distributor for
all the details, or write to RCA Distributor
and Special Products Division, Sales
Promotion Services, Cherry Hill, NJ
08101.

NRGA QT Parts
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