RADIO-ELECTRONICS

-
(=]

The
IMSAI 8080.

A commercial
yet 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.

VIS

IMS Associates, Inc.
1922 Republic Avenue
San Leandro, CA 94577
(415) 483-2093
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How to interface the microcomputer

with input/output devices.

DAVID LARSEN, PETER RONY,
and JOHN TITUS*

THE VARIOUS DATA PATHS IN A MICROCOM-
puter consists of the data input, data out-
put, external device addressing, in and out
function pulses, and interrupt signals.
These are the vital lines of communication
between the microcomputer and the “out-
side world”, for example, those signal lines
that are necessary fo interface the micro-
processing unit (MPU) {o the input/output
or I/0 devices that you would like to con-
trol.

What is an 1/0 device?

Some useful definitions include the fol-
lowing:
input/output—General term for the equip-
ment used to communicate with a com-
puter and the data inyolved in the com-
munication.l
I/O—Abbreviation for input-output.2
1/0 device—Input/output device. Any
digital device, including a single inte-
grated-circuit, that transmits data to or
receives data or strobe pulses from a com-
puter. The in and out functions are always

when serving as an output device, may re-
quire up to four device-select lines from
the microcomputer. Therefore, the fact
that we can generate 256 different input
and 256 different output device-select
pulses does not necessarily mean that we
can address 512 different “devices.” A
more reasonable number is of the order of
50 to 100 different devices.

Device-select pulses are inexpensive and
easy to implement, We encourage you to
use them as often as possible as you at-
tempt to substitute computer software for
integrated circuit hardware. We shall re-
peat this theme often: software vs. hard-
ware. There exists a tradeoff between the
two, but your main objective in using
microcomputers will usually be to substi-
tute software for hardware. When you do
so, the only penalty that you may pay is
time—it takes time to execute computer
instructions. If you can accept the delays
inherent in computer programs, then you
can vastly simplify the circuitry required
to accomplish a specific interfacing task.
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referenced to the computer.3

The traditional view of an I/O device is
that it is somewhat large or complex. Card
readers, magnetic tape units, cathode-ray
tube displays and teletypes certainly fit
such a description. However, a single inte-
grated circuit such as a latch, shift register,
counter or small memory can also be con-
sidered to be an I/O device to a computer.

Another important point is that several
device-select pulses may be required to
interface a single I/0 device. Far example,
a 74198 shift register has a pair of control
inputs that determine whether the register
shifts left, shifts right, or parallel-loads
8-bits of data. This IC also has a clock in-
put and a clear input. Thus a single 74198,

*This article is reprinted courtesy American
Laboratories.

Interfacing

Interfacing can be defined as the joining
of members of a group (such as people,
instruments, etc.) in such a way that they
are able to function in a compatible and
coordinated fashion. By “compatible and
coordinated fashion,” we usually mean
synchronized. Some important definitions
include the following:
synchronous—In step or in phase, as ap-
plied to two devices or machines. A term
applied to a computer where a sequence of
operations is controlled by equally spaced
clock signals or pulses.2
synchronous computer—A digital com-
puter that has all ordinary operations con-
trolled by equally spaced signals from a
master clock.2

(continued on page 22)
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synchronous operation—Operation of a
system under the control of clock pulses.?
synchronization pulses—Pulses that are
originated by the transmitting equipment
and introduced into the receiving equip-
ment to keep the equipment at both loca-
tions operating in step.?

computer interfacing—The synchroniza-
tion of digital data transmission between
a computer and one or more external in-
put/output devices.?

Although the details of computer inter-
facing vary with the type of computer em-
ployed, the general principles of interfac-
ing apply to a wide variety of computers.
Such principles include the following:

o The digital data transmitted between a
computer and an I/O device are either in-
dividual clock pulses or else full ddta
words.

e The computer and the I/O device are
both clocked devices. At the very least, the
I/0 device has a single flip-flop that is set
or reset by the computer. All data trans-
mission operations are synchronized to the
internal clock of the computer.

® The computer sends synchronization
pulses, called device-select pulses, to the
I/0 device. These pulses are generated by
the computer program and are usually
quite short—for an 8080 microcomputer
operating at 2 MHz, they last for only 500
ns. The pulses synchronize and select at
the same instant of time.

e Individual device-select pulses are sent

to individual input or output devices. This
is called external device addressing. The
pulses are used for latching data output
and strobing data input.

e Computer program operation can be in-
terrupted by the transmission of a clock
pulse from an I/O device to a special input
line to the computer. This is called infer-
rupt generation. Upon being interrupted
by an external I/O device, the computer
goes to a computer subroutine that re-
sponds to, or services, the interrupt.

e Full data words can be output from, or
input into, the accumulator register. For
the 8080 microcomputer, a full data word
contains 8 bits. Output data from the
accumulator is available for only a very
short period of time and usually must be
latched. Input data into the accumulator
is acquired over a very short period of
time and usually must be strobed into the
accumulator.

Interfacing basically consists of the syn-
chronization of parallel input or output
data via the use of the 512 device-select
pulses. (See Fig, 1.) Hardware is required
to tie the MPU to the external device and
is just as important as the microcomputer
software. We shall tackle both of these
facets of microcomputer interfacing in de-
tail in subsequent columns. R-E
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Revolutionary New Wiring “Pencil” Makes

Interconnections;
in 1/3 the Timel

@ Create Finished Wired Circuits
in Hours, Not Days

® For Breadboarding, Prototypes and

Production

@ Interconnects Circuit Elements in

Digital and Analog Circuits
Easy for anyone — just hook up your

components usin\gI the insulated “solder
c

thru” wire %)ur oice of blue, red, green
or clear). Wire feeds off a replaceable
spool thru the P173 tool body and out of a
steel tip so fine it easily routes wire
around even the smallest 1.C. lead. A
touch of the iron, with solder, completes
the joint.

Available accessory items Include P179WS Wire Spacers

for neat routing, tenth-tenth Micro-Vectorbords®, circuit

Padbords and frames, like the 3677-6 and 51X-1. Order a

P173 Now! Supglled with two 200" spools of AWG solder
thru wire (1 red,

At your Vector distributor

Mail orders, add $2 shipping and handling charge.

California residents add 6% sales tax.

1 green), complete instructions. $950 'i e
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Solid-State
News

National Semiconductor has sub-
mitted a 4K RAM memory that is dif-
ferent from the competition.

The MM5270 Tri-Share™ 4096 x
1 bit RAM is packaged in an 18 pin
DIP in contrast to the industry standard
22 pin packages. Three functions share
the use of a single lead—read/write,
logical chip select and V... One lead is
also used for both data input and out-
put.

The 18-pin packages can be squeezed
in with a density nearly twice that pos-
sible with the 22-pin packages. Na-
tional claims memory system costs are
kept low because of the savings in PC
cards, card frames, connectors and wir-
ing. The cost of the memory package
itself is lower. The access and cycle
times are 200 ns and 400 ns, respec-
tively.

RCA has also joined the NMOS
memory field with the MW7001ID
1024 x 1 bit static RAM. The device
is pin compatible with the AMS70011
and has a 60 ns maximum access-time
and 180 ns maximum cycle-time. Also
planned is a 4096 bit dynamic RAM.

DATEL SYSTEMS SHM-IC-1
mance sample-and-hold.

high perfor-

Both the National and RCA chips
are TTL compatible except for the chip
select input.

The SHM-IC-1 from Datel Systems
is a high performance sample-and-hold
that uses only an external storage ca-
pacitor. Sample-and-hold systems are
used in sampled data control systems,
in the reconstruction of sampled wave-
forms and for data acquisition.

Acquisition time is 4ps with a .001
wF capacitor; the signal droop is 50
mV/s. The capacitor can be lowered
to 100 pF for a faster 2 pus acquisition
time, but droop also increases in the
same ratio.

Three blocks make up the sample
and hold. A high gain input differen-
tial amplifier, the electronic sampling
switch, and an output buffer amplifier.
The SHM-IC-1 sells for $29 in small
quantities.




