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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 28 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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IMS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 894577
(415) 483-2093

Dept. RE-8

KONMPUTER KURMNER

DAVID LARSEN, PETER RONY,
and JOHN TITUS*

THIS MONTH, WE SHALL DISCUSS THE IN-
terfacing of an 8080-based microcomputer
to a very versatile laboratory instrument,
the Keithley model 160B digital multi-
meter and model 1602B digital output.
We purchased this multimeter one year
ago and found it to be an excellent exam-
ple of what manufacturers can do to facil-
itate the interfacing of their instruments.

The Keithley model 160B is a general-
purpose 3%%-digit multimeter than can
function as a DC voltmeter, DC ammeter,
or ohmmeter. A total of twenty-six differ-
ent ranges exist for the multimeter in its
three modes of operation. The lowest
range scales provide maximum readings of
1.999 mV, 19.99 nA, and 1.999 Q. The
1.999 mV scale has an accuracy of
+ 0.19% of reading = 1 digit. Thus, a dis-
play reading of 1.000 mV will have an
uncertainty of = 0.002 mV, or 2 uV. The
highest possible readings associated with
the three different ranges are 1200 V,
1999 mA and 1999 megohms, with the
megohm reading being accurate to only
+ 30%.
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The model 160B multimeter is basically
a sophisticated analog-to-digital converter

*This article is reprinted courtesy American
Laboratories. Dr. Rony, Department of Chem-
ical Engineering, and Mr. Larsen, Department
of Chemistry, are with the Virginia Polytech-
nic Institute & State University. Mr. Titus is
president of Tychon, Inc.

(ADC) that can handle most laboratory
requirements for digital data acquisition
provided that the rate is no greater than
one measurement per second. Switching
between the twenty-six different ranges is
performed manually. We would expect
that, in the future, such switching will be
performed by a built-in microprocessor
operating under the control of an external
computer.

The interface circuit between the Keith-
ley model 160B and a small 8080-based
microcomputer is shown in Fig. 1. The
two OR gates and the SN74154 decoder
generate three different device-select
pulses that are required to input data from
the Keithley meter to the 8080 micro-
computer. Note the TN signal at pin 18 of
the SN74154 decoder. This interface cir-
cuit takes advantage of the fact that the
outputs from the model 1602B digital-
output board are open collector and can
be bussed together as is shown in Figure 1.
Notice how pins 16, 12, and 10 on the
model 160B are connected to the same
8080 microcomputer input, D7. These
three pins are said to be bussed together.
Pins 35, 31, and 28 are bussed together
to input D6; pins 17, 13, and 9 are bussed
together to input D5; and so on. The eight
inputs to the 8080, DO through D7, com-
prise an eight-bit data bus over which in-
formation passes, one group at a time,
from the Keithley multimeter to the 8080
microcomputer.

Ounly one transfer of information can
take place at any one time. In Fig. 1, this
transfer is accomplished with the aid of
the three sets of strobe inputs. When a
logic 0 is applied at strobes 1 and 2, the
BCD codes corresponding to the 10 and
10* digits are transferred to the accumu-
lator of the 8080, Similarly, strobes 3 and
4 and also strobes 5 and 6 permit the ac-
quisition by the microcomputer of the
remaining output data from the Keithley
multimeter. Therefore, three device-select
pulses permit the strobing of 20-bits of
data from the multimeter to the micro-
computer over a set of eight data bus-lines
D0 through D7.

A simple program that accomplishes
the data transfer from the multimeter to
the microcomputer is provided in Table 1.
The entire data acquisition and movement
of data to registers C, D, and E occurs
in 21us, a time that is fast when compared
to the rate of five conversions-per-second
by the multimeter. Clearly, considerable
time is still available to the microcom-
puter to manipulate the acquired data be-
fore new data is input into the accumu-
lator.

Not shown in Fig. 1 are eight 4700-ohm
resistors that are the required pull-up re-

continued on page 26
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We'd like to show you all
76 1C sockets on our 8BKRA
Static Memory Module. But
your imagination can do
more, knowing what full 8192~
word memory will mean to
your own 8080 system. 50
here are a few other extraor-
dinary features of the 8KRA.
First, our exclusive KSET™
address selection DIP swifch
(upper portion of close-up),
conveniently sefs address
boundaries in increments of
1K. You'll also see a battery-
standby power connector on
the card. Because our modules
use low-power static RAM's,
they'll retain dafa when
powered by fwo "D” flash-
light cells. So it's possible fo
protect your important dafa
against sudden power loss.
Our low-power RAM's
must meet military specifica-
tions (MIL STD-883C). However,
our memories typically require

one third less power than those

used by our competitors. Each
of our RAM's has its own IC
socket, too, for easier assembly
and repair (optional in the
4KRA version).

Kif Prices:
8KRA Static Memory Module $295
(8192-words; all sockets included)
4KRA Static Memory Module $154
(4096-words; all sockets included)
4KRA (without sockets) $139

Write Us,
about our other
8080- compatible
plug-in modules.

6200-R Hollis Street
meryville, CA 94608

Circle 52 on reader service card

Processor
Technology

KOMPUTER KORNER

continued from page 24

sistors for the eight open-collector bus
lines, One pull-up resistor is required for
each of the eight data bus inputs. One end
of the resistor is tied to 45 volts, and the
other end to the bus line. These resistors
are not shown in the diagram because

small when compared to the added value
of the instrument. We expect future instru-
ments to be microcomputer oriented in the
sense that data-bus outputs will be pro-
vided to permit the direct interfacing of
the instruments to microcomputers via
simple wire interconnections. We hope
that these columns encourage manufac-
turers to provide minicomputer- and mi-

TABLE 1—DATA ACQUISITION PROGRAM
LO memory Instruction Clock
address byte Mnemeonic cycles Description
000 333 IN5 10 Generate device select pulse
that strobes the 10° and 107
digits into the accumulator
001 005 - —  Device code for strobe inputs
1and 2
002 117 MOV G,A 4 Move accumulator contenis to
register C .
003 333 IN 4 10 Generates device select pulse
that strobes the 10? digit, the
10® bit, and the overload and
polarity outputs into the ac-
cumulator
004 004 — — Device code for strobe inputs
3and4
005 127 MOV DA 4 Move accumulator contents to
register D
006 333 IN 3 10 Generate device select pulse
that strobes the Flag, DP1, DP2,
and DP3 outputs into the ac-
cumulator
007 003 — —  Device code for strobe inpuis
5and 6
010 137 MOV E,A 4 Move accumulator contents to
register E
At this point, twenty data-bits are stored in registers C, D, and E.
¥ The microcomputer can now take this information and manipu-
- late it in different ways. With the aid of the BCD digits and DP1,
DP2, and DP3 (DP = Decimal Point), it can determine the magni-
° tude of the input decimal number. With the aid of the polarity
input, the sign of the decimal number can be determined.

they can be added to the circuit board
within the Keithley multimeter. The 8080
data bus normally employs an alternative
bussing technique called three-state bus-
sing. The interface circuit shown in Fig. 1
is actually the combination of two bussing-
techniques, open collector and three-state.
The 4700-ohm resistors do add a load to
the data bus, but this does not prevent
other devices from being tied to the bus
provided that each bus connection in the
other devices can sink, in the logic-0 state,
the additional 1 mA current produced by
the 4700-ohm pull-up resistor.

At the beginning of this column, we
stated that the Keithley multimeter is an
example of what manufacturers can do to
facilitate the interfacing of their instru-
ments. In this case, what Keithley did was
to provide open-collector outputs for all
twenty output pins on the model 1602B
digital-output board. The added cost was

crocomputer-oriented digital outputs, and
also to document such outputs as well
as Keithley has done with the model
160B. R-E
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“I want it installed in the attic. No need
to advertise the fact I have a color TV!”




