PROM Expansion Card
A.Adnitt

This circuit provides a very expan-
dable expansion card for 16 bit ad-

iC1la
A15

dress processors and single supply H e

EPROMSs.
have seen they take either four 2K
PROMSs or two 4K PROMs leaving two
empty sockets. Now, by very simple
means, an expansion card can be
made to give 8K or 16K of memory as
shown in the diagram.

with the header wired as shown in
Fig. 1a, then pin 21 {(Vpp/A11) of IC4-
1C7 is held high, A11 and A12 are us-
ed for chip select through thg 2-to-4
line decoder (half a 74LS139) and IC1
and 1C2 are hard-wired to decode ad-
dress lines A13, 14 and 15 to select a
particular 8K block of memory (see
tabte).

In all expansion cards | iC1b

A4

IC1c

Al13

ic3 |s

If an 8K set-up is first considered IXF

All

oW N

HEADER

NOTE:

IC1 15 741504
1C2 15 74L510
1C3 15 7408139

Now, when your operator pro- ADATD

1C4-7 ARE 2716 or 2732

Ic?

20

gram outgrows this, a new card is not | 280087

necessary, just a rewire of the header
{Fig. 1b) and the larger EPROMSs, In
deing this, A11 is taken to 1C4-1G7,
A12 and A13 are used for chip select
through 1C3 and now with pins 1 and 2
joined together on 1G2, hard wiring
with 1C1 gives a unigue 16K block by
decoding address lines A14 and A15.
It must be noted, however, that this
can only be used fer 2716 and 2732
EPROMs as TEXAS 25XX EPROMs
have different pin-outs.

:

Py

READ
o

N

p, p—

— 14
——13
—12

2P

8K BLOCK | 2 b © 16K 8LOCK | a

1st st

2nd 2nd

ouT

1= 14
2—?-—-13

3I— —12

3rd 3rd |

IN

11

4th IN 4th

ouT

Sth
Bth
Tth
8th

QUT | OUT

By providing 28-pin sockets and

additional wiring, the circuit could be
reconfigured to take 2764 PROMs —
how’s that for versatility, as little as
2K to a mammoth 32K of ROM
catered for by one card!
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NEW LOCATION!
NEW EXPANDED STORE!

{+5V -5 AMPS, +12V —-2.5 AMPS, -5V

AMP.)

* NEW BEAUTIFUL MATCHING i
ASCII KEYBOARD (with upperfiower case)

* STANDARD KEYBOARD

* 6502 PROJECT BOARD

* DISC DRIVE, SHUGART
WICONTROLLER CARD

SFECIAL PACKAGE OFFER

Includes kayboard, Power Supply, Case and Motherboard
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— % AMP, 12V -

special $399.95
$349.95
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general electronics

5233 Yonge St Willowdale Ont., M2N 5P8 (416) 221-6174.
Yok Aok

Circle No. 5 on Reader Service Card.

Continued on page 84
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AP II 6502 PROJECT

ALL SMALL PARTS, iC's Capacitors, Crystal, Trim Caps,
Resistors, Sockets, Choke, etc. ................. LOW PRICES

Authorized Franklin ACE dealer

Mail orders accepted, send certified cheque or M/Q. Add 5% for shipping. Ontario
residents add 7% P.S.T. Visa accepted:; send card No. signature, expiry date and
name of hank.

& HAMEG SCOPES
® FARTS, KITS
® SURPLUS

Write/telephone for new free catalogue.
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THE PROM (PROGRAMMABLE READ-ONLY -

Memory) is increasingly being accepted
as a circuit element. The electronic hob-
byist or home computer owner should
become - familiar with this very useful
device. Because there have been numer-
ous articles written about both the
PROM and the EPROM (Erasable
PROM), this article will just briefly men-
tion their theory of operation, and con-
centrate on the ways these devices can be
put to use. :

What is a PROM?

Figure 1 shows the basic configuration
of a 16 X 4-bit PROM; that is, there are
4 address lines, and, therefore, 2* = 16
states can be represented. Each of these
16 states is decoded into a single control
line that leads to a set of junctions in the
memory array. These junctions are either
closed or fused open depending upon how
the PROM is programmed. The logic
state of the junctions selected by the
address decoder passes through the buff-
er and appears at the output. Figure 1
shows 4 output lines; thus, there are 24 X
4 or 16 X 4 junctions. This PROM can
also be described as containing 16 words
with 4 bits-per-word. There are as many
words as there are address states. There-
fore, if the PROM had cight address lines

ROBERT H. PENOYER

and one output line, it would be a 28 X
I-bit or a 256 X 1-bit PROM, or
containing 256 1-bit words.

Just as there are closed or fused-open
junctions in a PROM array, the EPROM
uses static charges on MOSFET transis-
tors ta achieve the effects of an open or
closed junction. The charges on the
MOSFET’s can last for years or be erased
in a few minutes by special ultraviolet
lamps.

Using the PROM

The PROM serves two main purposes:
First, a single PROM IC can replace an
entire multiple-gate logic array. Say, for
example, you needed a set of gates that
would perform the function described in
the truth table of Fig. 2. If standard gates
were used, a complex network would

> result. Instead, let the four left-hand

columns of Fig. 2 represent the address
lines, and let the columm on the right
represent the output line of 2 16 X 1-bit
PROM. Thus you would achieve the
desired function using only a single IC.
The result is a savings in wiring time,
troubleshooting time and board space.
The second main use of a PROM isasa
“lock-up table.” For example, suppose
you wanted a counter to count in the
sequence shown in the right-hand side of

Work ForYou

The programmable read-only memory is becoming the workhouse
of modern digital electronics and will play an ever-increasing role
in your everyday activities. Here is what it's all about.

Fig. 3. This could be extremely difficult
to accomplish using ordinary logic. In-
stead, you can apply the output lines of an
ordinary binary counter to the address
lines of a PROM. Upon reaching any of
the 16 possible states, the counter causes
the internal logic of the PROM to “look
up” the desired output state and pass it
through its buffer to the output, accord-
ing to the truth table. Only two IC’s, a
4-bit binary counter and a PROM are
needed to arrive at a rather complicated
sequential output.

Another example of using a PROM as
a look-up table is a Baudot to ASCII code
translator. The Baudot code can act as the
address for 2 PROM, and the PROM
output can yield equivalent ASCII char-
acters, ‘

Propagation delay and access time

" As with any logic device, propagation
delays in PROM’s are important, particu-
larly so if a PROM’s output lines are used
to drive counters or clocked logic of any
type.

A specifically limited amount of time is
required to receive an address, decode it,
drive a set of junctions in the PROM
array and transmit the result through the
buffers to the PROM output. This is
called the PROM’s access time, and is

& sz61 yaawaoan
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ADDRESS
LINES

QuTPUT
LINES

FIG. 1—PROM consists of an address decoder, output buffer and memory array.

Ay Ay A, Aq =
0 0 i 0 1
0 0 i 1 1
0 0 1 0 0
0 0 1 1 0
0 1 0 0 0
¢ 1 a 1 0
0 1 1 Il 1
] 1 1 1 1
1 0 0 0 0
1 0 0 1 5
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 a
1 1 1 0 1
1 1 1 1 0

FlIG. 2—COMPLEX LOGIC FUNCTIONS such as
the one shown in the above truth table can be
easily handled by a PROM.

Ag Ay Ay Az | DOg 0y Oy Oy
—= 0 0 0 © 0 0 1 0 =
0 8 0 1 a0 1 0 o
00 1 O g 1 0 0
g0 11 10 1 1
0 1 0 0 1 1 1 0
0 10 1|0 1 1 1
g1 1 0 1 0 1 1
01 1 1 1T-1 0 1
10 0 O 1 1 1 0
1T 0 0 1 1 1 0 1
1 0 1 0 1 0 1 1
10 1 1 001 1 1
1 Tt 0 0 t 11 1
11 0 1 ‘0 0 0 0
7 1 1 @ 1 0 0 1
—1 1 1.9 10 1 0—

FIG. 3—COUNTERS with an unusual counting
sequence can oasily be designed using a
PROM.

- listed in the manufacturer’s data sheet.

During the access delay time, the state of
the output lines on a PROM is unpredict-
able. A set of outputs can pass through
several states during the transition from
one address to the next. Therefore, if the
outputs are driving clocked logic, the
logic could receive undesired data. Obvi-
ously, this should not be allowed to
happen. Luckily there are methods to get
around this problem.

Buffer and latch isolation

As shown in Fig. 1, the output buffer
of the PROM often has an enable control
line. Typically, this enable line is used to
select the device that is to be connected to
a parallel bus system when many such
tri-state devices are used. When enabled,
the buffer outputs are at normal logic
levels. When not enabled, the buffer out-
puts appear to be open circuits. If all the
buffer output lines are pulled to +V

through, say, 10K resistors (in the case of
TTL lJogic) then when the output lines
are disabled they will be at a known high
logic level. Therefore, no output line can
go low unless that particular bit was
programmed low and the PROM output
was enabled. Thus, it is only necessary to
disable the output when changing ad-
dresses. Using such an arrangement, no
glitches appear at the output and low-
going pulses appear only when desired.
Figure 4 shows a typical circuit using this
technique.

table shown in Fig. 3. Therefore, as the

counter passes through each binary state,
the desired output appears on the PROM
output lines. These lines are always en-
abled as shown in Fig. 5. Note that both
the counter and the latch are.triggered by
positive-going clock edges, and there is an
inverter in the latch clock line. This
means that while the counter still triggers
on the positive-going edge of the clock,
the latch will trigger on the negative-
going edge. This provides a delay of one-
half clock period between the time the
counter is updated and the resulting
PROM output appears at the latch out-
put. If the PROM access time is shorter
than one-half clock period, its output will
be settled by the time the latch uses it.
The result is a clean accurate set of wave-
forms at the latch output.

PROM sources

PROM's and EPROM’s are available
in many configurations. Just check
through manufacturers’ catalogs for the
type of PROM you need for your applica-
tion. Sometimes the required number of

POSITIVE EDGE +V
TRIGGERED LATCH PROM < & & 2
3322
INCOMING SureERen
ADDRESS
LINES OUTPUT
LINES
UPDATE
PULSE

——I I——— LONGER THAN PROM AGGESS TIME
FIG. 4—DISABLING PROM during access time prevents gfitches from appearing at the output.

1

RESET
PULSE

ju) 3

COUNTER

LATCH

PROM

ouTPUT

CLDCK INPUT

FIG. 5—CLOCK SK3NAL in synchror;ous circuits can be used to inhibit output during access time.

You can use a similar more desirable
technique that requires no pull-up resis-
tors on the buffered output lines. Let’s
say, for example, you want a circuit that
counts as shown in the Fig. 3 truth table.
Also assume that you could not arbitrari-
ly allow the outputs to go high, as shown
in Fig. 4.

Figure 5 shows an alternative tech-
nique: a synchronous binary counter
drives the address lines of a PROM that
is programmed according to the truth

words and word length are not available
and you have used a PROM with more
words or bits than you need. In this case,
you should consider the economics of
wasting PROM capability.

Most large distributors can program a
PROM for you if you purchase it from
them. Find out all the necessary informa-
tion before placing the order for your
PROM; often the distributors will pro-
gram the device for a small fee or at no
additional cost. ‘R-E
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Programmable Read Only Memories are manufactured using

various technologies. This article describes each type
of PROM and its advantages and disadvantages.

by ROGER L. SMITH

REMEMBER WHEN SOMEONE MEN-

tioned a PROM, we all thought of a

high school dance? Well, in today’s age
of electronics, a PROM is a £rogrm-
mable Read Only Memory:~Inciden-
tally, PROM is a trademark of Harris
Semiconductor Div. of Harris Inter-
type Co.; however, the word has be-
come generic because of its widespread

use in describing all field program- )

mable ROM’s,

Speaking of ROM’s, let’s cover some
of the basics of memories and the
terms used before going any further.
The first memories that were used with
computers: (and a computer is not a
computer without a memory) were
ferrite-core memories. These core
memories—provided they were prop-
erly powered down and up—were non-
volatile, meaning the data in them was
not lost when power was removed. In
a volatile memory, all data is lost in
powering down. Most core memories
are also classified as DRO, aithough
a few are NRDO. The DRO {Destruc-
tive Read-Qut) uses a read-write cycle
to restore data to the cores. An NDRO
(Non-Destructive Read-Out) mem-
ory does not require rewriting the data
after a read cycle is completed.

With the advent of I.SI (Large
Scale Integration) techniques and the
decreasing cost of semiconductors, the
use of semiconductors as rﬁemory ele-
ments became possible. Various types
of semiconductor memories evolved—
from simple diodes arranged in a
matrix to flip-flops, stored-charge de-
vices and amorphous semiconductors.
These new. types of memories per-
mitted designers to implement the
ROM for cases where the memory was
to be used for fixed conditions such as
program control.

These ROM’s presented logic de-
signers with options not previously
available. Now it became possible to
replace complex logic circuits with
ROM’s. You can imagine how difficult
it would be to design the logic for a
code conversion--a simple job for a
ROM. Another unigue use for ROM’s
is in custom waveform generators. A

sequential counter feeds the ROM in-
puts and the outputs go to a digital-to-
analog (D-to-A) converter. In another
use, the inputs are treated as separate
logic inputs and the ROM acis as a
Programmable Logic Array (PLA).
For more information, refer to the
article “What Is A ROM?” in the
February, 1974 issue of Radio-Elec-
tronics.

What PROMs are avaifable?

The simplest PROM’s—diode ma-
trices—are available in 14-pin packages
(Harris HM1-034-2, a 6 X 8 array)
containing dicde arrays with fusible
links, These diode matrices can be
programmed by “burning out” the
fusibie links and thus can be classified
as PROM’s. Such memories are used
primarily in encoding and decoding
functions.

Amorphous semiconductor

An ipteresting type of memeory that
is also field-programmable is the
amorphous semiconductor memory.
This memory consists of amorphous
glass semiconductor resistors (called

ovonic memory switches by Energy
Conversion Devices, Inc.) in series
with silicon diodes in a matrix array.
The glass semiconductor can exist in
either of two phases—amorphous or
polycrystalline. The resistors in the
amorphous phase show a resistance
of about 300K ohms, and in the crystal-
line phase about 500 ohms. The low-
resistance, or set state, is achieved by
applying a 15 millisecond pulse to the
bit to be set. The high-resistance, or
reset state, requires applying 8 to 10
five-microsecond pulses at 80 ps inter-
vals.

These amorphous memories thus
have a slow write-cycle time and are
called by the mamufacturer (Energy
Conversion Devices) Ovonic Read-
Mostly Memories (RMM). These de-
vices are non-volatile like PROM’s but
they can also be written into like Ran-
dom Access Memories (RAM's).

Fusible links

The semiconductor PROM most
often used at this time is the bipolar
type containing memory elements com-
posed of nichrome fusible-links. Intel is

werb 1) =3+

MEMORY,

ETC. THRU LEMENTS T . DU
WORD 63 : " 7 ETC. THRU Bs
. 8; . : .

FIG. 1—=512-BIT PROM schematic shows the word transistors (64 of thein) connacted to the

sense and program circuits via memory elements.



presently making bipolar PROM’s (up
to 4096 bits) using polycrystalline sili-
con fuses (instead of nichrome). Ad-
vanced Micro Devices also makes 256
bit PROM’s with silicon fuses. A look
at Fig. 1 will help you to understand
the operation of this type of fuse-link
PROM. This figure is a block diagram
of a 64-word, 8-bit PROM (512 bits).
The 6-bit ADDRESS input is buffered
and inverted to pfovide true or comple-
ment addresses to each of six inputs on
the 64 multiple-emitter AND gates. A
seventh input provides the chip enable
signal. Since only one of the 64 AND
gates will be activated for a particular
address, that gate will ggnerate a high
level on one of the 64 word lines con-
nected to each gate output. These word
lines are connected to the bases of 64
multiple-emitter transistors located in
the memory section of the circuit.

The selected (1 of 64) multiple-
emitter transistor drives the output
transistors thru the eight memory ele-
ments. With the proper resistive load
connected to their collectors, these
transistors will saturate and a low voli-
age, or logic “0,” will appear at the out-
put. Thus the normal output of such
a PROM, with the memory elements
intact, is a “0.” This PROM is pro-
grammed by opening the appropriate
memory elements and causing a logic
“1” to appear at the output for a spe-
cific address.

Memory elements of this type (as in
the Motorocla MCMS5003) are fused

open by connecting a negative voltage
(—6V) to the output collector of the
desired bit, applying a voltage (4+5V)
to Vee, grounding pin G2, and connect-
ing G1 to a negative voltage (—6V).

.

Then the desired word is addressed
{with —6V as a “0” and —4V to +5V

as a “17). Notice in Fig. 1 that this

forward biases the program transistor
for that bit so that when the address is

FIG. 2—~MANUAL PROGRAMMER schematic. During programming, switch 57 is moved to posi-
tion 2 long enough to discharge the 10-uF capacitor. Switch S7 should not be in position 3

for longer than one second.
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selected, current thru the memory ele-
ment is increased (to 30 mAY). This is
sufficient to cause the metal fuse to
flow and separate. The current is ap-
plied as a ramp and limited to 60-mA
maximum to prevent sputtering, metal
splatter, or oxide damage.
Programming voltages for other
nichrome type PROM’s such as Sig-

netics’ 8223, vary somewhaf. However, .

the basic idea is to allow a heavy cur-
rent to pass thru the nichrome “fuse”
to a program transistor that is biased
into saturation. Figure 2 shows a man-
ual programmer that can be used to
program the Signetics 8223. When
using this programmer, current should
not be applied to a bit for over one
second.

Two precautions should be observed
when programming this type of
PROM. One is to it the application

of programming current to one output-

at a time. This current passes thiu the
multiple-emitter “word  transistor”
whose design doesn’t allow it to con-
duct more current than required to
open cne element. Another precaution
is to maintain the case temperature of
the PROM at or below 75°C. This is
easy to do if you program manually
~and remove voltages as soon as the
memory element opens. Automatic
programming may require a heat sink.

The above description of program-
ming the fuse-link type of PROM il-
lustrated a manual technique. Manual
programming is possible with most
types of nichrome fuse-link PROM’s
provided that the currents are limited
in some manner. Most often, the rise
time must be controlled and the dura-
tion and amplitude of the program-
ming current must be limited. This is
easily done with a pulsing technique.
All of this of course, can be accom-
plished with an automatic programmer
that also sequences thru the addresses
and bit patterns. Automatic program-
mers -are desirable when more than
three or four PROM’s are to be pro-

grammed, and are required equipment -

for some of the PROM’s to be de-
sc;ribed next. #
AIM

Another type of memory element is
used by Intersil in their PROM’s.

They have patented Avalanche In- .

duced Migration (AIM) program-
ming system. Each memory element
in an open-base NPN transistor whose
base-emitter junction is shorted out
when it is programmed.

A partial schematic of an AIM
matrix is shown in Fig. 3. Notice that
the matrix is constructed using con-
ventional TTL processes. Collectors on
the “X" lines are common and emitters
on the “Y” lines are common, allow-
ing for simple fabrication steps. No
connection is provided for the bases.
To program an element, a high current

is forced thru it from emitter to col-
lector. The emitter-base junction is
forced beyond normal avalanche and
into a second breakdown mode. Alumi-
num moves into the junction and
causes a short. The result is a low-
resistance path to the base and a base-
collector diode as shown in Fig. 3.

4 y
PROGRAMMED
ELEMENT

1 A

. 2
i PROGRAMMED
ELEMENT
X i

7 & . g

¥, Y,

FIG. 3—PARTIAL AIM PROM matrix with two
bits programmed as “1”.

The programming is done using a
200 mA pulse (at about 32V) of about
2.5 ps duration followed by a 20 mA,
1.5 us sense pulse, These pulses are
repeated a number of times until a
change in the bit has been detected.
The programmer then moves on to the

‘next bit automatically.

FAMOS

The last type of PROM we will in-
vestigate s the stored-charge type
made by Intel and National Semicon-
ductor. This type of PROM falls in the
same category as the ovonic amor-
phous semiconductor type mentioned
earlier in that it can be re-programmed
(however, not electrically}. The ad-
vantage of this type of PROM is obvi-
ous. If you make a mistake, or change
your bit requirements, you can change
your PROM by erasing all bits and
programming it over again! Erasure is
accomplished with ultraviolet light or
X-rays {although X-rays are not rec-
ommended).

The memory element consists of a
floating-gate avalanche-injection MOS
charge-storage device (which has been
shortened to FAMOS transistor). No-
tice in -Fig. 4 that the FAMOS tran-
sistor is essentially a P-channel silicon
gate MOS field-effect transistor in
which no contact is provided to the
silicon gate. In programming, a voltage
pulse in excess of —30 volts is applied

~to the drain or source PN junction re-

SILICON
DIOXIDE

SOURCE

DRAIN

P-CHANNEL

FLOATING
SILICON GATE

P-CHANNEL

N-TYPE SUBSTRATE

FlIG. 4—-CROSS-SECTION OF FAMOS sfruc-
.ture. Negative charge on floating gate causes
conduction between source and drain.

sulting in the injection of high-energy
electrons from the PN junction surface
avalanche region to the flgating silicon
gate. This negative charge on the gate
results in.current flow between source
and dram of the P-channel FAMOS
transistor.

The FAMOS transistors are ar-
ranged in a matrix on the silicon chip
along with an X and Y decoders, input
drivers, output sensors and buffers to
form the complete MOS memory de-
vice. Programming these PROM’s
(typically the Intel 1702A, 2048-bit
PROM) requires special programmers
that pulse the device with a minimum
of 32 program pulses for each 8-bit
word to be programmed. Note in this
PROM that all 8 bits of a word are
programmed simultaneously. In addi-
tion to the -program pulse, voltages
Ve and Voo are also pulsed. The Intel
Company will furnish you schematics
for the MP7-03 PROM Programmer,
or of course, you could buy an assem-
bled unit.

The Intel 1702A PROM comes with
a transparent quartz lid which permits
you to crase the bit pattern. You can
erase a device by exposing it to high
intensity: ultraviolet light at a wave-
length of 2537 A. Just put the 1702A
about 1 inch away from the lamp tube
for 10 to 20 minutes. Recommended
lamps are Models UVS-54 or S$-52
ultraviolet lamps manufactured by
Ultra-Violet Products Inc., San Ga-
briel, CA. Physically, the erasing action
creates an ionizing effect that causes
the excess electrons on the floating
gate to flow back to the substrate.

You have no doubt noticed that
many of the PROM’'s we have cov-
ered use irreversible memory elements.
Aside from the fact that such a PROM’
cannat be reprogrammed, there is also
the problem of testing the PROM ini-
tially. If you order a ROM, the manu-
facturer programs it to your specifica-
tion and tests it to be sure the bit
pattern and output circuits are OK.
However, if you buy a PROM, there
most likely was no way for the manu-
facturer to test it so you won’t know
if it is any good .until you program it.
Most manufacturers build PROM’s
with experience and quality control.
Several PROM manufacturers have
decided that this method is not good
enoungh (Motorola and Advanced Mi-
cro Devices among them). They have
solved the testing problem by adding
a ninth bit to all 8-bit PROM’s. Some
have even added several extra words
to the memory. In the Motorola
MCMS5003 there are 32 of these ninth
bits that have already been pro-
grammed to “1s,” and the remaining
32 bits may be used by the customer
to check out the capabilities of his pro-
gramming circuitry.

Table 1 has been prepared to help

(continied on page 119)
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HOW A PROM WORKS
(continued from page 74}

you in selecting a PROM. This table
includes most of the presently avail-
abie PRONI's along with the number of
bits and the bit organization of each,
Also included are voltage requirements
for both the read and write {(program-
ming) modes. Comments in the special
notes column may also be helpful in
choosing a PROM that exactly fits your
Tequirements.

The main thing for you to remember
in selecting a PROM is how you are
going to program it. Unless you are
prepared to spend some extra time and
money for automatic or pulsing type
programmers, it- is advisable to stick
with the fuse-link PROM’s that can
be programmed manuailly (Signetics
8223, Motorola MCM5003 etc.).
Whichever way you go, remember to
proceed slowly. Once you decide on
your bit pattern (program), set it aside
and check it over from the beginning
the next day. It’s easy to change an
error on paper, but impossible in most
PROM’s. .

Another hint for those of you who
want to try out some PROM’s: several
of the PROM’s we have mentioned in
this article are available from. com-
panies advertising in the back pages
of Radio-Electromics, For instance, the
Signetics 8223 was noted in a.couple
of ads for under $5, and the National
Semiconductor MM203 (similar to
Intel's 1702A) can be found for
around $20. R-E

READ CURRENT ON VTVM

FPve got an old vtvm without any cur-
-rent ranges. How can I read eurrent with
this instrument?—C.B., Bronx, N.Y.

Make up an adapter with a small
value, precise resistor, Connect this
into the circuit, and read the voltage
drop across it. For example, a 1.0-ohm
resistor will show 1.0-volt drop if there
is 1.0 ampere flowing, and so on.
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if you're into electronic music, PAIA's Pygmy Portatile

Amp and Gneme Micro-Synthesizer are a pair that's hard

to beat. And now we offer them together, as 2 package,
at a price that can't be bear — $84.50 pis 10 Ibs shipping

DEMQ LINE—Use Ma Bell's low right rates 1o get a one
minute demo of PAIA Synihesizers. Our recording equip-
ment also takes catalog. requests, charge orders, ete.

— —FREE CATALOG——
Dept. 11-R-
%o- W. Wilshire &

MATHEMATIGS
ELECTRONICS

We are proud to announce two great
new courses for the electronic industry.

These unusual courses are the result of
many years of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men, from all walks of
life, on mathematics, and electrical and
electronic engineering.

You will have to see the lessons to
appreciate them!

NOW you can master mathematics
and electronics and actually enjoy doing
it!

WE ARE THIS SURE: you sign no
contracts—you order your lessons on a
money-back guarantee.

In plain language, if you aren’t satis-
fied you don’t pay, and there are no
strings attached.

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing to gain!

The INDIANA
HOME STUDY INSTITUTE

DEPT. RE-1175 P.O. BOX 1189
PANAMA CITY, FLA 32401
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For
faster
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USE
ZIP
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INSTRUMENTS IN ONE

* Qut-of-Circuit
Transistor Analyzer
¢ Dynarniec In-Circuit
Transistor & Radio Tester
s Signal Generator
Signal Tracer ¢ Voltmeter
Milliammeter
Battery Tester
Diode Checker

Transistor Analyzer yos 212

Factory Wired & Tested—$26.95
Easy-to-Assemble Kit—$17.95

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RAD!OS! All tha
facifities you need to check the transistors themselves — and the radios or other cir-
cuits -in which they are used — have been ingenicusly engineered into the compact,
&Inch high case of the Model 212. It's the transistor radio troubleshooter with all the
features found only in more expensive units. Find defective transistors and c¢ircuit
}'roui?les speedily with a single, streamlined instrument instead of an elaborate

ookup. e e e e e e s e o
Features: |r EMEC, 625 Broadway, New York 12, N. Y. !

Checks-all transistor types ~ high or low
X i Send me FREE catalog of the complets
power. Checks DG current gain (beta) to | Sond me FREE catalog of the complste

200 in 3 ranges, Checks lfeakage. Uni-| | ACNE
versal test socket accepts different bage  Tocal distributor.
configurations. Identifies unknown tran-

|
sistors as NPN or PNP. | NAME RE-11
Dynamic test for all transistors as signal |
amplifiers (oscillator check), in or out of ] ADORESS.
circuit. Develops test signal for AF, IF,
or RF circuits. Signal traces all cirewits. | pyry ZONE___STATE

§/61 HIGWIAON

Ghecks condition of disdes. Measures )
battery or other transistor-circuit power-
supply voltages on 12.volt scale. No ex-
ternal power source needed. Measures
tircuit drain or other DC currents to 80
milliamperes, Supplied with three exter-
nal leads for in-circuit testing and a
pair of test leads for measuring voltage
and current, Comes complete with
instruction manual and transistor listing,

ELECTRONIC MEASUREMENTS CORP.
625 Broadway, New York, M Y ?
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Engineer’s notebook

DIP switches and diodes
form programable ROM

by Louis E. Frenzel
Heath Co., Benton Harbor, Mich.

Microprocessor-based equipment depends more on
softwar¢ than on hardware for its operation, and there-
fore the design of such equipment comnsists largely of
program development. If the memory in which a pro-
gram is stored can be changed easily and quickly,
program writing and debugging are simplified. The pro-
gramable read-only memory described here speeds up
these program-development processes, and thus facil-
itates physical breadboarding with the microprocessor
in the initial stages of design.

The PROM shown in Fig. 1 is a switchable diode
matrix organized into 16 8-bit words. Each bit is imple-
mented with a single-pole, singlé-throw switch and a
diode. To simplify construction and minimize size, the
PROM uses the new 8-switch/16-pin dual in-line pack-
ages. Each DIP unit thus represents one 8-bit word.

Instruction words and data words are loaded into the

1. DIP-switch memory. Microprocessor programs can be tested
with read-only memory, consisting of eight-switch DIPs used as 8-bit
binary words. This memory, whichis simple to set or change, can be
checked visually. Diodes in the ROM isolate words from one another.
The decoder connects the DIPs to the data bus.
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|
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T

VY-

1
|
T

S
|
e
|

VWA~
AAN,

VW

[ ‘m: iy <
8-SWITCH I
MINIATURE .
oip
74154 DECODER 6 Ve

ALL DIODES 1N914, 1N4148
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ADDRESS INPUT
(FROM 4 LOWER-ORDER BITS OF
MICROPROCESSOR ADGRESS BUS
OR DATA BUS)

126

8-BIT DATA BUS

6800
MICRO-
PROCESSOR

4 LOWEST-ORDER BITS
OFf 16-BIT ADDRESS BUS

74154
DECCDER

2. Example. This arrangement of a DIP-switch ROM with a 6800 mi-
croprocessor is used for the program shown in the accompanying
box. (Other microprocessors may have different means for address
input.} Programs can be set up, tested, and modified more simply
with the switch memeory than with integrated-circuit ROMs or RAMs,

memory by setting the switches; a closed switch pro-
duces a low ({binary 0) output, while an open switch
generates a high (binary 1) output.

Instruction words are loaded into sequential memory
locations. Data words can be placed in any convenient
memory location that is available. If the DIP switches
are arranged in address sequence with the switch levers
properly oriented (up = 1, down = 0), the memory
contents can be determined at a glance. The ability to
see the memory content and to change it in seconds will
greatly expedite program development. It becomes pos-
sible to modify and debug a program in a fraction of
the time that would be required if a conventional ROM
or RAM were used.

The use of only 16 words may seem severely limiting
in a ROM, but it is usually more than adequate to test
and exercise a microprocessor. The memory is sufficient
to try all instructions and to test short subroutines, The
flexibility of being able to quickly and conveniently
change a program and to actually see the program
stored in memory makes it easy to design micro-
processor systems and to learn programing,

A 74154 T1L 1-0f-16 decoder is used to address the
memory words. The decoder input lines are connected
to the four lower-order bits of the microprocessor ad-
dress bus or data bus.

The box (top, right) shows a sample program using
DIP-switch ROM with a 6800 microprocessor, as in Fig. 2.
For this application the 16 switches are numbered con-
secutively in hexadecimal notation: 00, 01, 02 . . . 09,
0A, 0B, . . . OF. The program contains five instruction
words and two data words. Three of the instructions
(LDAA, ADAA, and STAA) occupy two sequential 8-
bit locations, Instructions DAA and WAI each occupy a
single 8-bit location. The instruction words are loaded
into the first eight DIP switches because the micro-
processor operates on instructions sequentially. The two
data words can go into any of the eight remaining
switches; here the data words are put into the last two
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switches (OE and OF). The data stored for this example
are the numbers 48 and 37, which are set on the
switches as 0011 0000 and 0010 0101, respectively.

The program tells the microprocessor to do the fol-
lowing: first, load its accumulator register A with the
number stored at location OF; next, add the number at
location OF to the number in the accumulator, and store
the sum in A; finally, convert the binary number in A to
its decimal (BCD} equivalent, and store the decimal
number in location 1F. After it has completed all these
operations, the microprocessor is to await an intertupt
signal.

The instruction set providéd by the manufacturer of
the 6800 shows how to set the ROM switches to deliver
these instructions to the microprocessor. The first in-
struction, designated LDAA, is set into switch 00 as
hexadecimal 96, which is binary 1001 0110. The second
half of this instruction is stored in switch 01, and gives
the location of the data to be loaded; that location is
hexadecimal OF, or 0000 1111. The next instruction,
ADDA, is found from the 6800 instruction set to be
hexadecimal 9B, or binary 1001 1011. The remaining
steps are similarly set into the DIP switches by use of the
6800 instruction set.

The result of adding 37 to 48 could be displayed by
an output device that showed the content of location
1F. It would show 85, because decimal notation was
specified. O

SAMPLE PROGRAM

Jgm |rsvucton - Operaten | x| cnary

00 LDAA Load accurnulator A

with the contents of 96 | 1007 0110
m F memaory location OF. OF | 0000 1111
02 ADDA Add contents of memory .

location OE to the 98 | 1001 1011
03 E number in accumnulator A .

and store the sum in A, 0E | 0000 1110
04 DAA Convert the binary number

in A into BCD. 19 | 0001 1001
Q5 STAA Store contents of accumu-

lator A in memory location a7 1001 0111
08 1F 1F. ' 1F | o001 111
07 WAI Wait for interrupt. 3E | 0011 1110
08
09
0A
0B
ocC
oD
OE 48 Data 30 | 0011 00OC
OF 37 Data 25 | 0010 0101
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By Forrest M. Mims

PROGRAMMABLE READ-ONLY MEMORIES

EMICONDUCTOR memories are
w¥ among the most important electron-
ic circuits. They are found in almost all
digital devices, ranging from pocket cal-
culators to computers. Besides their ob-
vious application in the storage of infor-
mation, these memories can be used in
the synthesis of unusual w#veforms,
music, and even human speech.

There are two basic types of semicon-
ductor memories. Read-only memories
{(RCM's) are those from which data is
normally only
memories (R/WWM's) or Random-access
memories (RAM's) are those into which
data can be loaded or from which infor-
mation can be retrieved, each with equal
facility. ROM's are factory programmed
with fixed data which cannot be
changed.

Some ROM's, called PROM’s, can be
permanently prograrmmed by the user.
Others, called EPROM's, can be pro-
grammed by the user and then erased
by exposure to ultraviolet light. After
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Fig. 1. PROM gvid that can be
used to simulate a NAND gate.
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Fig. 2, 4X1 PROM programmed
for 2-input NAND gate.
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retrieved. Read/write

erasure, EPROM's can be repro-
grammed. RAM's can be loaded with in-
formation, read, or reloaded electroni-
cally, depending on the logic states of
the memory cell’s READ and WRITE con-
trol lines,

Both types of semiconductor memo-
ries store information in the form of bi-
nary digits, abbreviated as bits, which
have two possible states—Ilogic 0 or log-
ic 1. The stored data can be arranged as
hundreds or even thousands of bits or
combinations of bits called words.
Words cornprising four bits {nibbles) or
eight bits (bytes) are the most common,
but many other word lengths are also
used. '

Programmable Diode ROM's. An
excellent way for the novice to learn
more about ROM's is to assemble a pro-
grammable ROM or PROM that uses di-
ode memory elements. A PROM of this
type consists of a grid or array of input
and output wires called flines. A logic 1is
loaded into the ROM by bridging the in-
tersection of an input and output line
with a diode. The absence of a diode at
an intersection yields a logic 0.

You can use a simple diode PROM to
simulate logic gates and combinational
logic networks. The first step in design-
ing a PROM for this purpose is to wrjte

Y

the truth table for the gate you want to
simulate. The truth table for a two-input
NAND gate, for example, is

Inputs Output
A B

0 0 0 1

1 o} 1 1

2 1 1] 1

3 t 1 0

This truth table has four possible input
combinations and only one output for
each set of inputs. Therefore, our PROM
will-be a 4 by 1 grid of lines as shown in
Fig. 1. The truth table is loaded (pro-
grammed) into the PROM by placing a

A
Y‘L;:____

H7rL

}+

K14

L

LED

o

Fig. 3. Circuit to demonstrate
the PROM in Fig. 2.

diode at the intersection of the output
line and the line for each input, which re-
sults in a logic-1 output. The pro-
grammed array is shown in Figure 2.
Figure 3 shows how to demonstrate the
operation of the PROM with the help of a
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battery, a LED, and a four-position
switch.

Of course, our simple PROM version
of the NAND gate is a trivial example of
a read-only memory application. This is
particularly true because the diodes
aren't even necessary! Logic 1's can be
represented simply by connecting the
appropriate input lines to the output line.
However, diodes are essential when the
PROM becomes more sophisticated.
For example, Fig. 4 shows a diode
PROM that simulates the AND, OR,
NAND, NOR, and EXCLUSIVE OR
gaies. Mass confusion would result with-
out diodes because electrical current
would thread its way through the wrong
sections of the PROM via sneak paths.
Diodes eliminate sneak paths because
they pass currentin only one dirgction.

Diode PROM Character Genera-
tor. Do you want to gain some hands-
on experience with PROM's? Then in-
vest some spare time and about three
doltars building the diode PROM shown
in Fig. 5. This simple PROM is connect-
ed as a seven-segment character gen-
erator. It aillows you to generate up to
ten characlers including the digits 0
through 9, many letters of the alphabet,
and a variety of unusual symbols.

NOW FROM f
BELL & HOWELL SCHOOLS!

ALL NEW
SELF-STUDY
PROGRAM ON
MICRO-
PROCESSING

Completely up to date, tharoughly practical. De-
signed for professionals {engineers, technicians
or advanced hobbyists) who need ready answers
to basic programming concepts and troublg-
shooling technigues In microprogessing sys-
tems. :

No classes or seminars to attend. You study at
vour own pace. Each segment is presented in a
way that communicates practical, usable facts
. . . stimulates new thinking, new ideas. Self-
grading quiz at the end of each segment rein-
forces the major points learned. Developed and
compiled through the resources of the worid-
tamous educational division of Bell & Howell.

I?‘.end for complete facts. No salesman will
cail. i

BEew e HOwELL SCHOOLS

Write: Bell & Howell Schoals

2201 West Hgward Street

Evanston, llinois 60202
Send me complete facis an Microprocessing Self-Study
Program. Ne obligation. No sales calis,

73
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Fig. 5. Seven-segment display character generator diode PROM,
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p—e le———— & Even if this is your first experience
s 7 %  with a PROM, you'll find programming
o . very easy. Suppose you want a display
—aie 23 that can flash words made from the
s S —F characters A,E,O,U,C,F, H, L, P, and
5. This assortment of vowels and conso-
2 % = nants can generate a surprising number
of words—HELP, POLE, PULL, HOLE,

COOL, SELL, CAP, etc. First, you write
a truth table that shows theé segments of
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the display that must be illuminated to
produce each character.

Character Segments
abcdefg

A 1110111
E 1001111
8] 1111110
U o111110
C 1001110
F 1060111
H 0110111
L 60001110
P 11001141
S 1011011

This prom has ten input and seven
output lines, s¢ it requires a grid of 10 by
7 wires. The PROM is prograrhmed by
inserting a diode at the intersection of
each character and segment line where
a logic 1 exists in the truth table (Fig. 6).
Simple, isn't it? If you're not convinced,
try designing the same character gener-
ator with logic gates!

We can improve the character gener- -

ator PROM by replacing the manual se-
lector switch with a BCD-to-decimal de-
coder. True, this adds an IC, but re-
duces the number of input lines from ten
to four and makes it possible to interface
the PROM with other circuits. Figure 7
shows how the decoder is connecied to
the PROM.

You can assemble a working version
of this diode PROM on a perforated
board. Insert flea clips at each bit posi-
tion and run the input and segment lines
on opposite sides of the board to pre-
vent shorts. The flea clips will allow you
to insert and remove diodes. If you want
to go first class, permanently wire a di-
ode in series with an spst toggle switch
at each bit position. Turning the switch
on will load a logic 1. Placing the switch
in the off position will load a logic 0. If
you choose to do this, you'll need seven-
ty switches, so be sure to $hop around
for a good price.

In any event, 1 hope you'll build a
working diode PROM if you're interested
in leaming about the practical aspects of
ROM’s and PROM's. You'll learn some-
thing about hardware {the PROM and
decoder), software (the truth table you
plan to load into the PROM), and firm-
ware (the truth table loaded in the
PROM in the form of diodes). You'll also
learn about addressing (the 4-bit char-
acter select word applied to the input of
the decoder). All of these topics are fun-
damental to an understanding of
advanced digital logic devices like mi-
croprocessors, calculators, and hebby
computers. o
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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
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ware, more applications than you could imagine. BYTE
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* Sporting Events Are An Experience As Exciting
as Being There!
* Movies Are Seew The Way They Were Meant
Ta Be Seen?
« Pong And Other Video Games Are More Exciting
y  Than Ever!
v Can Be Used Wirh Video Tape
Plapbeck Equipment!

YOU ASKED FOR IT!

WE HAVE RECEIVED THOUSANDS OF INQUIRIES!
YOU REQUESTED PLANS FOR A BIG SCREEN Tv THAT WOULD:
utilize any portable TV as an jmage source ~ require a minimum of floor space
—be g beautiful piece of furniture. .
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NOW _ EXTR
ON IS HAPPY TO ANNOUNCE LIFESCREEN |
THE NEWLIFESCREEN I

The LIFESCREEN was desigined for the Da-It-Yourself anthusiast who wishes 10
hava tha enjt an i i Big Ecraan TV — but refuses
10 pay tha $1600 to $4000 that most manufackurars charge for this luxury.

FACTS
The special LEFESCREEN, Lens and Front Surface mirror supplied by Extron
are the sama 1ype used by maior Big Scraan TV manafacturers {Sony, Muntz,
etc.). THESE PROFESSIONAL COMPONMENTS SHOULD NOT BE CONFUSED
WITH THE CHEAP PLASTIC MAGNIFYING IMITATIONS NOW FEODDING
THE MAAKET BECAUSE OF THE POPULARITY OF BIG SCREEN Tv.
The EXTRON TV Screen — tha same used by the majar Big Screen TV manufac-
turars — is 16 TIMES BRIGHTER than a flat matte surface and & TIMES
EBRIGHTER lthan most fiet bestied mavie screens. Hs parabolic shape rejacts
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COMPLETE LIFESCREEN it COM| LIFI
PACKAGE: PLETE iE’SACC':fAEGNEI ‘Tha INDEPENDENT projection systemn
T¥ not ingluded

3299 $269 thet can be used with ANY SIZE scramn
THE EVERYTHING GUARANTEE ! Sharp 13" Model I3A21 Color TV or
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The SELF-CONTAINED internal projection
TV that will utilize any transistor portable TV
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floor space — fits neatly against any wall . . .
and lends its beauty tu the decor of any room.
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