NCE YOU
HOOK UP WITH
US,YOU'RE

OOKED.

Your watch and wallet will tell you why, once you've used
our QT solderless breadboarding Sockets and Bus Strips*
i Because of the time and money you'll save by eliminating
soldering, desoldering and resoldering on every circuit
\ you design or test.
2\ With the QT system, you can instantly connect and
\ reconnect all kinds of components—as fast as you can
| pushin (or pull out) a lead. Durable 5-point terminals
provide fast, easy interconnections between com-
ponents...and jumpers, where necessary, are lengths
of #22 AWG solid wire.
You'll save money because components can be
| reused again and again, with no heat to damage
% delicate semiconducters. You can start off inex-
pensively—as little as $3.00** for a compact
socket with 70 solderless tie-points—and expand
with interlocking units to any size you need.
Problem is, once you see how much time,
money and aggravation our QT system saves,
you'll never want to bread-
board any other way.
(For more information,
see your CSC dealer.
or write for our
catalog and distrib-
utor list.)

CONTINENTAL SPECIALTIES CORPORATION

EASY DOES IT
44 Kendall Street, Box 1942
New Haven, CT 06509 @ 203-624-3103 TWX: 710-465-1227
West Coast office; Box 7809, San Francisco, CA
04110 ® 415-421-8872 TWX: 910-372-7992
Canada: Len Finkler Ltd., Ontario

© 1976, Continental Specialties Corp.
*U).S. Pat. No. D 235,554
sxpanufacturer's suggested list QT-7s.

Prices and specifications subject to change without notice.
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Microcomputer anatomy
and the way it communi-
cates to the outside world is
described this month.

PETER RONY, JOHN TITUS,
and DAVID LARSEN*
*This article is reprinted courtesy Ameri-
can Laboratories

IN THIS COLUMN WE WILL DISCUSS THE
“anatomy” of a typical microcomputer
system. (See Fig. 1, page 24.) This system
is based upon the 40-pin 8080 micro-
processor chip and possesses all of the
minimum requirements for a computer.

e Tt can input and output data.

e It contains an arithmetic/logic unit
(ALU), located within the 8080 chip,
that performs the arithmetic and
logical operations.

o It contains “fast” memory (speed is
an important requirement for a
functional computer these days).

e It is programmable, with the data
and program instructions capable of
being arranged in any sequence de-
sired.

e It is digital.

Memory
Lets first consider the data communica-

tion between the 8080 central processing

unit (CPU) and memory. The follow-

ing definitions™? will be useful in the en-

suing discussion:

memory—Any device that can store bits in
such a manner that a single bit or group
of bits can be accessed and retrieved.

memory cell—A single storage element of
memory.

memory word—A group of bits occupying
one storage location in a computer.
This group is treated by the computer
circuits as an entity, by the control unit
as an instruction, and by the arithmetic
unit as a quantity. Each bit is stored in
a single memory cell.

memory address—The storage location of
a memory word.

memory data—The memory word occupy-
ing a specific storage location in mem-
ory, or the memory words collectively
located in memory.

random access memory—A memory into
which bits can be written (stored) and
then read out again (retrieved).

read-only memory—A memory that can
be repeatedly read out; but cannot be
written into.

programmable read-only memory—A
read-only memory that is field program-
mable by the user.

volatile memory—In compufers, any mem-
ory that can store information only as

(continued on page 22)
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of shielded
“black

- DOXES”

Almost 10 years ago (1966 to be

exact) we introduced our first
two series of shielded electronic
enclosures. They became an
overnight success. Since then
the demand for different sizes,
shapes and applications has
increased our family to ten
series of models, each with a
noise rejection greater than 70db.
Sizes range from 1.50” x 1.13" x
0.88” to 4.13"” x 2.68" x 6.0";

in blank versions or with a
complete choice of coaxial
connectors; painted or un-
painted; with or without printed
circuit card guides; with mount-
ing flanges or bottom mounting
plates. All models supplied

with aluminum covers and
mounting screws.

AVAILABLE THROUGH YOUR
FAVORITE ELECTRONIC
PARTS DISTRIBUTOR

ITT POMONA ELECTRONICS

1500 East Ninth St., Pomona, Calif, 91766
Telephone (714) 623-3463, TWX: 910-581-3822
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long as power is applied to the memory.
read—To transmit data from a memory

to some other device.
write—To transmit data into a memory

from some other device. A synonym 18

store.

The 8080 microprocessor uses 8-bit
words that are stored in memory by a
16-bit memory address bus. The memory
address bus determines a specific storage

65,536 different memory locations can be
accessed by the microprocessor. This
memory access is direct, which means that
you don’t have to engage in any special
tricks or digital electronic gimmicks to
access any given memory location within
the 65,536 possible locations. Forty-pin
integrated circuit chips do have their ad-
vantages, and this is one of them. The
total memory capacity of the 8080 micro-
processor is known in the trade as “64K.”
This is far more memory than you will
ever need for most applications, but it is ‘
nice to know that you have such power in , |

reserve.
Data is transferred between the 8080
CPU and the memory via 8-bit input and I
output buses, both of which are shown b
in Fig. 1. By “input,” we mean “input into
the CPU.” The term “output” is defined
in a similar fashion. Our point of refer-
ence is always the CPU. Data leaving the
CPU is always considered to be “output j
data;” data entering the CPU is always ‘
considered “input data.” In the figure, we
have indicated that the input and output |
data is transferred between the accumu- |
lator and memory. This is frequently the
case, but in a more detailed look at the
8080 chip, you will discover that data
stored in memory is transferred to other
internal registers within the 8080 chip as
well. The most obvious such register is the
instruction register, from which the decod-
ing of the instruction occurs. Other regis-
ters, known as general purpose registers,
are classified by the letters B, C, D, E, H,
and L.
The accumulator register is the heart of
the entire microcomputer. Arithmetic and
logic operations are always performed to
or on the eight bits of data present in the
accumulator. All input and output data
passes through the accumulator with the ,
aid of two computer instructions called Iy |
and OUT. |
Between the 8080 CPU and memory
there is a single output line called memory
READ/WRITE. When this line is at a logic
1 level, you are able to read data into the
CPU either from memory or from an ex-
ternal device. When this line is at a logic
0 level, you are able to write data from
the CPU into memory or an external out-
put device.
As a final point, you can use any type
of “fast,” digital electronic memory de-
vice, including random access memory
(RAM), read-only memory (ROM), and
programmable read-only memory
(PROM). What do we mean by “fast”
memory? Simply that the memory can
perform either a read or write operation
during a single microcomputer instruc-
(continued on page 24)
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tion. A typical 8080 microcomputer sys-
tem operates at a clock rate of 2-MHz and
a read or write operation takes only 3.5 us.
Thus, RAM, ROM and PROM all need an
access time of about one to two microsec-
onds to allow you to take full advantage
of the maximum clock speed. Slower semi-
conductor memories can be used, but the
microcomputer will have to “wait” while
a read or write operation is completed.

Data output

The 8-bit output bus between the 8080
CPU and memory also serves as the out-
put data bus to an external output device.
When you provide output to an external
device, there are several important points
that you must remember:

e You must select the specific output
device that will receive 8-bits of data from
the CPU.

e You must indicate to this device
when output data is available on the out-
put data bus.

@ The device must capture this output
data in a very short period of time, typi-
cally 1.5 ps.

The third point is perhaps the most im-
portant. Keep in mind that the microcom-
puter is operating at a clock rate of 2
MHz. Each computer instruction is exe-
cuted in a very short period of time, which
ranges from 2 us to 9 ps. Thus, accumula-
tor data designated as “output data” to an
external device is not available for very
long. You must capture it while it is avail-
able. We will discuss the techniques that
you should use in a subsequent column;
this topic is certainly among the most in-

MEMORY UP TO 65,536
8-BIT WORDS
o
<
8 i 0
8 BITS DATA a i Eg
> =
EXTERNAL [NEET 0 vl zlg |=o
DEVICE I/0 @ = al= ©9
=la = 8 BIT ADDRESS
8 BITS DATA =< FOR EXTERNAL
OUTPUT o INPUT/QUTPUT
@ © DEVICES
A-REGISTER | i
FUNCTION
8080cpru L—— ouT ( PULSES
FIG. 1

teresting topics that can be discussed in
the area of computer interfacing.

Data input

The basic considerations that apply to
data output also apply to data input to the
CPU from an external device. Thus:

e You must select the specific device
that will transmit 8-bits of data to the
CPLU,

e You must indicate to this device
when the CPU is ready to acquire the in-
put data.

e You must insure that the CPU ac-
quires this data in a very short period of
time, typically 1.5 us.

Input/output device addressing

The 16-bit memory address bus is time
shared so that it can provide, at certain
times, an 8-bit device identification num-
ber called a device code. Eight bits of in-
formation allow you to decode 2° = 256
different devices. When used in conjunc-
tion with 2 output-function pulses called
IN and ouT, the microcomputer system can
address 256 different input devices and
256 different output devices. We might
point out here that a “device” can be a
complex machine such as a teletype, a
CRT display, or a simple device such as a
single integrated circuit chip. This is an-
other interesting topic for discussion that
we shall reserve for a subsequent column.

Microcomputer interrupt
Not shown in Fig. 1 is a single input
line to the microcomputer that generates
(continued on page 30)

How to stock 300 instead of 112,000. All it
takes is RCA’'s “Top of the Line” SK Series
1976 Replacement Guide. Our most
comprehensive list to date of transistors,
rectifiers, thyristors and integrated cir-
cuits — 300 RCA types to replace 112,000
in entertainment or industrial equipment.

Excellent Product. Excellent Catalog. As
a product, RCA SK replacement semicon-
ductors measure up to strict AQL stand-
ards. As a catalog, our 1976 Replacement
Guide is a thorough, accurate informa-
tional source, representing thousands of
engineering man-hours.

Get the “top of the line” now. With RCA’s
SK Series and RCA's SK Replacement
Guide. Contact your RCA Distributor. Or
send $1.00 (check or money order) to
RCA Distributor and Special Products
Division, P.O. Box 85, Runnemede,

N.J. 08078.

“c " SK Replacement M
Semiconductors |

Semiconductors
made very, very easy.
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This...protects your most expensive
hi-fi investment.

Recognizing that a penny saved is a penny earned, may we suggest
that trying to economize by putting off the replacement of a worn
stylus could be like throwing away five dollars every time you play a
record. (Multiply that by the nhumber of records you own!) Since the
stylus is the single point of contact
between the record and the balance
of the system, it is the most critical
component for faithfully reproduc-
ing sound and protecting your rec-
ord investment. A worn stylus could
irreparably damage your valuable
record collection. Insure against
this, easily and inexpensively, sim-
ply by having your dealer check
your Shure stylus regularly. And,
when required, replace it immedi-
ately with a genuine Shure replace-
ment stylus. It will bring the entire
cartridge back to original specifica-
tion performance. Stamp out waste:
see your Shure dealer or write:

Shure Brothers Inc. 7 e
222 Hartrey Ave., Evanston, IL 60204 ig —l 1
In Canada: A. C. Simmonds & Sons Limited Y| S URE

* FREE! 1976 Stereo Directory & Buying Guide with the purchase of a Shure V-15 Type Ill, or the

M95 series, M76 Type Il or M31 series of cartridges. Simply send us your warranty card with the
notation ‘Send Free Buying Guide." Hurry—offer subject to supply.
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a program inferrupt during microcom-
puter operation. Such an interrupt would
be generated by an external device that
wishes to transfer data to or from the
computer, This particular topic is quite
complex and it will be 2a number of months
before we tackle it in this column.

The above is about the best that we can
do to describe the general “anatomy of
a microcomputer in one thousand words
or less. Microcomputers are fascinating
machines. They are small and relatively
inexpensive, so one is less likely to be
intimidated by them. They are far simpler
than their minicomputer and computer
counterparts and can be readily repaired
by the simple process of chip substitution.
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Computer calls to computer
via amateur radio satellite

Two North American radio amateurs
have made the first claimed remote ac-
cess of a computer, not only through a
two-way radio link but also via an ama-
teur communications relay satellite.

An “execute program’ command was
transmitted by WB4BWK, W. Franklin
Mitchell, Jr., Due West, SC, to VE2BYG/3,
Randall S. Smith, Barrie, Ontario, via the
AMSAT/OSCAR 7 satellite. On recep-
tion, it executed the stored program
which consisted of a message from
VE2BYG/3 to WB4BWK. The data was
transmitted in ASCII code at a rate of
110 baud (110 units per second). The
FCC has granted a waiver to hams in-
terested in computers and radioteletype,
permitting them to transmit ASCll-coded
information by way of the satellite.

Calculators good for kids
say mathematics teachers

The little hand-held electronic calcu-
lator, which formerly aroused some
doubts in the minds of educators, is now
acclaimed as a “‘valuable instruction aid”
by the National Council of Teachers of
Mathematics. “In the classroom,” reads
the Council’s policy statement, “the cal-
culator should be used in imaginative
ways to reinforce learning and to moti-
vate the learner as he becomes proficient
in mathematics.”

According to articles in Arithmetic
Teacher and Mathematics Teacher, or-
gans of the Council, important teach-
ing uses of the calculator are to encour-
age inquisitiveness and creativity, to
promote independent problem solving,
to solve problems that would be imprac-
tical to attempt with pencil and paper,
and to decrease the time needed to
handle difficult computations. The little
computers can also be used more
prosaically to solve consumer problems
and to verify the results of pencil-and-
paper calculations. R-E




