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UNDERSIANDING

CH

CURFUTERS

AND SMALL COMPUTER
SYSTEMS
Here, at last, is a profusely illustrated,
easy-reading, “‘must” book explaining funda-
mental concepts behind operation of
almost all microcomputers ... in simple
English . .. giving you that extra knowledge
to read and wnderstand computer magazines
and manufacturer’s literature...and feel
“at home” around computers. Things like:
B How a CPU is organized; how it follows
sequences of orders to solve problems
* M lllustrates basic instructions from
almost every microcomputer B Discusses.
common memory addressing modes —
illustrates typical uses H What to know to
tell a computer what to do when using
machine language programming B Use of
flow charts; program worksheets; hand
assembly of source codes into object codes;
memory maps; purpose of Editor,
Assembler, Monitor.

R

H How a compmer communicates
B Commonly used I/O devices and
operational concepts B Practical aspects of
selecting a small computer system W Plus,
hundreds of other practical facts and
information! If you're curious about small
computers, you must own this 300 page
no-nonsense easy-reading text. Includes
easy-to-use glossary of key microcomputer-
oriented words.
UNDERSTANDING MICROCOMPUTERS. The
name says it all! Only $9.95 ppd.
Order your copy today!

SCELBl (OMPUTER
(ORNSULTING BNG,

P.O. Box 133 — PP STN, Dept. PE
Miltord, CT 06460
Price shown for North American customers. Master
Charge. Postal and Bank Money Orders preferred.
Personal checks delay shipping up to 4 weeks.
Pricing, specifications, availability subject to
change without notice. SCELBI Books are avail-
able in many fine Computer Stores.
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Experimenter’s
Corner

By Forrest M. Mims

READ/WRITE MEMORIES (RAM’s), PART 1.

AST MONTH, we built a read-only

memory (ROM) with some diodes
and a BCD-to-deimal decoder. Now,
we’re going to experiment with the 7489
IC, a factory-produced read/write mem-
ory that can store sixteen 4-bit words.

As you know, ROM's store informa-
tion without the need for electrical power
and are called non-volatile memories,
Most RAM'’s, on the other hand, are vol-
atile memories; turn off the power and
they forget whatever information is
stored in them. You've probably seen
read/write memories labeled RAM’s and
R/WM's. RAM, random access memo-
ry, is a fancy way of saying that any bit
or word stored in the memory can be ad-
dressed as fast as any other. This con-
trasts with a serial memory like magnetic
tape where a time-consuming search
may be required to find a particular bit or
word. !

Since both ROM’s and RAM's are ran-
dom access memories, R/WM is a bet-
ter label for the read/write memory than
RAM. But “RAM" is pronounceable and
R/WM isn't, so most people use RAM.

The 7489 RAM. The storage capacity
of the 7489 is a far cry from that of the 4k
(4,096 8-bit bytes) RAM'’s used by hob-
by computer enthusiasts, but the 7489
does have some interesting applica-
tions. It will help you understand some
basic microprocessor terminology and
operations. :

Fig. 1. The 7489 RAM
pin outline.
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Figure 1 shows the pin diagram for the
7489. Here's a table that organizes the
pins according to function:

Function | Pins
D C B A
Address lines 135145515051
Data in 461042
Data out L TMERy A e i

The 7489 also has a couple of enable
inputs. The Memory Enable (ME) input,
pin 2, is connected to ground (logic 0)
during read and write operations. The
Write Enable (WE) input, pin 3, must be
at logic 0 when data is written into the
RAM. Data can be read from the RAM
when WE is at logic 1. :

The 7489 has 16 storage slots desig-
nated by the addresses 0000-1111.
Thanks to a built-in address decoder,
writing a word into a memory slot is a
simple matter of applying the appropri-
ate BCD number to the address lines,
placing both ME and WE at logic 0, and
presenting the bits to be stored at the
data input lines.

Reading a word from the RAM is even
simpler. First, the word’s storage slot ad-
dress bits are applied to the address
lines. Then ME is placed at logic 0 and
WE at logic 1. The complement of the
word in the selected address will then
appear at the output.

Complementing a word means chang-
ing its 0's to 1’s and its 1's to 0’s. Thus,
the complement of 1010 is 0101. This
means you have to complement a word
you want to store before writing it into
the memory if you want it to appear in
uncomplemented form at the output. In
other words, if you want to retrieve 1100,
store 0011 instead.

There are two points to keep in mind
in using a 7489. First, it is a volatile
memory, so you must keep power ap-
plied as long as you want to save the
data stored in it. It's also a non-destruc-
tive memory. That is, the selected word
is not lost when it's read out; it stays in
the memory until replaced by a new
word.
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RAM Demonstration Circuit. You
can learn a lot about RAM's by plugging
the 7489 into a solderless breadboard
along with some LED's to indicate the
output data and jumper wires to select
addresses and apply input data. Use the
arrangement shown in Fig. 2. Take a
few minutes to label each jumper with a
marked square of masking tape. This
will save lots of time later. Connect
jumpers you want to be at logic 0 to
ground and those at logic 1 to +5 volts.
Try loading each storage slot with its bi-
nary address for practice. -
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Fig.2. ARAM

demonstration circuit.

In this circuit a glowing LED indicates
logic 0 and a dark LED, logic 1. You can
automatically invert words stored in the
memory by mentally assuming that a
glowing LED signifies a logic 1. This
means you don’t have to load the com-
plement of a word you want to save.

Automated RAM Demonstrator. A
much better way to learn about RAM'’s
as well as some microprocessor basics
is to connect a binary counter to the ad-
dress inputs of the 7489. Figure 3 is a
block diagram that shows how every-
thing goes together.

Here’s how the circuit works using mi-
croprocessor terminology. Clock pulses
enter the counter, and the 4-bit BCD
count is applied to the address inputs of
the RAM. The counter acts like a pointer
as it sequentially selects first one ad-
dress, then the next, and so forth.

In the READ mode (WE = 1; ME = 0),
the data output LED’s flash each word in
succession as the pointer cycles
through the memory. In the WRITE mode
(WE and ME = 0), the LED’s are extin-
guished, and the data on the input lines
is written into the RAM. This means, of
course, that the input data has to be
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You can build a better organ
than you can buy!

A magnificent Schober Electronic Organ

What a marvelous way to put your special
talents to work! With our Schober Electrenic
Organ Kits and your skill, you can build your-
self some very special satisfaction, and a life-
time.of great music!

Schober Organs are literally far superior
to comparably-priced “ready-made” units. You
could actually pay twice as much and get no
better organ...and miss the fun of assembling
it yourself. A PC board at a time, component by
component, you'll assemble your own "king of
instruments” And when you're done, you'll
wish there was more to do. And there is! For
then, Schober will help you learn to play, even
if you've never played a note before!

Schober Organ Kits range from $650 to
$2850, and you can purchase in sections to
spread costs out...or have two-year-time pay-
ments. Combine the.incomparable quality of
Schober components with your talent...and
produce a far better organ than you can buy!

Thousands of others have, ever since 1955.

You can have all the details, without cost
or obligation. Just send the coupon for the
fascinating Schober color catalog (or enclose

_ %1 for a record that lets you hear as well as
see Schober qguality) Why not clip it right now,
. before you forget?
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The z% Organ Corp., Dept. PE-74
43 West 61st Street, New York, N.Y. 10023

B O Please send me Schober Orgar Catalog.
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record of Schober Organ music. ]
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The leadmg magazine

in the personal
computer field

BYTE is the magazine for the creative home computer
experimenter. BYTE tells you everything you want to
know about personal computers, including how to con-
struct and program your own system.

Home computers are now practical and affordable. Low
cost peripherals have resulted in more hardware and soft-
ware, more applications than you could imagine. BYTE
brings it all to you. Every issue filled with stimulating, timely
articles by professionals, computer scientists and serious
amateurs. ]

everything you expected, honor our invoice. If it isn't, just
write “CANCEL” across the invoice and mail back. You won’t
be billed, and the copy is yours.

Allow 6 to 8 weeks for processing.

© Byte Publications, Inc. 1977

BYTE Subscription Dept. 07F
P.O. Box 361 Arlington, Mass. 02174 U.S.A.
Please enter my subseription for:
[] One year US.-$12 (12 issues) O Two years U.5.-$22 L Three years US.-$32
O Canada or Mexico-$17.50 [ Europe (Air Delivered)-$25
[ Surface delivery to all other countries except Europe, Canada or Mexico-$25
(Air delivery avollable on request) Please remit in U.S. funds.
[J Check enclosed (Bonus: one extra issue) O Bill me [ Bill Bank Americard
[ Bill Master Charge

The Small Systems Journal

I Fill in the coupon today. Reaa_your first copy of BYTE; if it's

BUTE

Card Number Expiration date-
I Signature Name (please print)

Addre: -
I State/Country: Code
-------——_---------

CIRCLE NO. 6 ON FREE INFORMATION CARD

-w
-




The Best
WayIo Show /5
YouWhat
You'll Get
Out Of An

At Empire we
make a complete line
of phono cartridges.
Each one has slightly
different perform
ance characteristics
which allow you to
choose the cartridge
most compatible to
your turntable.

There are, how-
ever, certain advan-
tages, provided by
Empire’s unique
design, that apply to
all our cartridges.

One is less wear on
your records. Unlike
other magnetic cart- 4
ridges, Empire’s
movin iron f
design allows the %
diamond stylus to
float free ofyits magnets and
coils, imposing much less weight on
f/our record’s surface and insuring
onger record life.

Another advantage is the better
channel separation you get with Empire
cartridges. We use a small, hollow iron
armature which allows for a tighter fit in
its positioning among the poles. So,
even the most minute movement is
accurately reproduced to give you the
space and depth of the original record-
ing.

5 Finally, Empire uses 4 coils, 4 poles,
and 3 magnets (more than any other
cartridge) for better balance and hum
rejection.

The end result is great listening.
Audition one for yourself or write for
our free brochure, “How To Get The
Most Out Of Your Records”. After you
compare our performance specifica-
tions we think you'll agree that, for the
money, youcan't do better than Empire.

Empire Scientific Corp.

Garden City, New York 11530

“Already your system
-sounds better.
Jlenecaisr g s e S R e A e e e S T e
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changed between clock pulses or the
pointer will load all the storage slots in
the RAM with the same word.

The complete circuit for the automat-

ed demonstrator is shown in Fig. 4. It

DATA
QUT

ADDRESS
fad

you form words to store in the RAM by
simply flipping switches (much like a mi-
crocomputer designed for front-panel
machine language program and data
loading). Closing S6 loads the word

Fig. 3. Block
S 489 te— gy diagram of automated
i COUNTER | DS
e : Gl it RAM demonstrator.

i

WwE ME

makes a great fully programmable light
flasher so you'll want to build it just to
watch it flash.

The role of the clock is filled by a 555
timer, and a 7490 decade counter
serves as the address pointer. The 7490
is a BCD counter so it recycles to 0000
after 1001 (decimal 9). This means it
can address only ten of the 7489’s stor-
age slots. To address all 16 memory
slots, you can use a full 4-bit counter
(0000-1111) such as a 7493, 74161, or
74191. I've specified the 7490 because
its operation has been covered previ-
ously here. It's also very inexpensive
and readily available.

Notice the various switches and
LED’s in the circuit. Closing S1 allows
clock pulses to reach the counter. The
cLock LED provides a handy visual indi-
cation that the clock is running and, be-
low about 20 Hz, a rough idea of its rate.

The pointer LED indicates when the
counter has recycled back to 0000, It's

“on when the count is 0000 through 0111

and off when the count is 1000 and
1001. This means the counter is pointing
to address 0000 in the RAM the moment
the pointer LED flashes on after being
off for two pulses.

Toggle switches S2 through S5 let

Fig. 4. Automated
Ram demonstrator.
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TIMER
(CLock )

formed by the data input switches into
the address slot selected by the pointer.

Of course, you don’t have to use
switches if you build the circuit on a sol-
derless breadboard. Just remove and
reinsert jumpers labeled with masking
tape to simulate the on-off action of
switches. Real switches, however, make
the circuit much easier to use, particular-
ly if you mount them on a small panel
and identify them with labels.

Programming the automated RAM
demonstrator is a straightforward proce-
dure of loading words into the RAM'one
at a time until ten address slots are filled.
Switch S1 is turned off to disable the
clock while a word is being loaded and
turned on for one clock pulse to advance
the pointer to the next address. It's easy
when you slow the clock rate to about a
pulse per second (by setting R1 for max-
imum resistance) and keep an eye on
the clock LED.

To Be Continued. Next month we’'ll
discuss programming procedures in
more detail. We'll also expand the dem-
onstrator by adding an automatic pseu-
do-random data loader, and cover some
ways to address all sixteen data storage
slots in the 7489. <
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The modern world really is a “global village” when you own the
versatile DX-160. Five bands covering 130 kHz to 30 MHz let you
monitor transmissions from all over the world. Listen in on all 120 CB
channels, AM and single-sideband. Hear world news as it develops by
tuning in local programs in faraway cities. Receive code ‘as well as
voice transmissions. You'll be amazed at the DX-power you can get
even on the standard AM broadcast band! Eleven controls and
switches really let you “pull out” those distant stations. Main tuning
control plus precision bandspread tuning calibrated for the Amateur
bands. Switchable noise limiter. Multiple controls for CW and SSB
reception. A built-in receive/standby switch lets you use the DX-160
with a Ham transmitter. High-performance FET’s in all critical stages.
With matching speaker, headphone jack, AC and DC power cords.
The DX-160 — what a way to travel! Only 169.95:

Bought i
Sep(::'gtely 2324}55 T

Special
Price*

Prepares you to join the action as a Ham
operator. Learn theory and code technique.
with instruction cassette tape, pro-
grammed textbook, practice oscillator;
and high-speed brass hand key.

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radio fhaek

A TANDY COMPANY ¢ FORT WORTH, TX 76102 » 6000 LOCATIONS IN 9 COUNTRIES

FREE! New 78 Catalog

Come in for your copy and see what's
eally new in electronics. 164 pages —
100 in full color. 2000 exclusive items.

ks #*Price may vary at individual stores and dealers. Prices and products may vary in Canada.
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