TABLE 1
Organi- Supply Voltage Memory
Manufacturer Part No. zation Bits Normal Program Element Special Notes
Advanced Micro AmS08 32x8 256 45V 10V to 15V polysilicon open col. out. | 12 words
Devices AmS09 32x8 256 5V polysilicon 3 state out. 9th bit,
d - Harris HPROM-0512 64x8 512. -5V +5V,+15V nichrome fuse  Program similar to
' jes are manufactured using Semiconductor HPROM-1256 256x1 256 5V +5V,4-15V nichrome fuse  Signetics.
Programmable Read Only Me_mor e : HPROM-8256 32x8 256 -5V 4+5V,4-15V  nichrome fuse
ious technologies. This article describes each type HPROM-1024/A  256x4 1024 5V 45V,4+15V  nichromefuse 3 state out, A=—open coll.
vario p o disadvantages HPROM-2048/A 512x4 2048 -5V 45V, 15V nichrome fuse 3 state out, A=open coll.
j van %
of PROM and its a g Intel Co. 1602A/1702A 256x8 2048 --5V-gV -12V,—45V  FAMOS device 1702A is erasable
3604 512x8 4096 - -5V +-10V,4-15V  polysilicon all outputs norm. high (1)
8702A 256x8 2048 4-5V-9V +12V,—45V FAMOS device 3 state out
by ROGER L. SMITH 3601 256x4 1024 45V +10V. 415V polysilicon
. i i Energy Intersil IM5600C/IM5610 32x8 256 5V 5V,-}-28V “AlIM” devic open coll. 5610=3 state
3 M in-  ovonic memory switches by ! ntersi o -5V, e op :
REMEMBER WHEN SOMEONE ~MER- S tf eedst;h: é{ioital-to- Conversion Devices, Inc.) in series IM5603A/IM5623  256x4 1024 45V +5V,+28V “AIM” device  special pulse programmer
tioned a PROM, we all thought of a pmsi a“?ﬁhfooﬁgpgoifgner I onother  with silicon diodes in a matrix array. IM5604/IM5624  512x4 2048 15V TBV.128V  “AIM” device
high school dance?;(\f)ﬁ, _méogf.g Sr:ie— flgg (zcl}gle inputs are treated as separate T_he glass semiconductor c:n }f:lilsst :)J; Moternia MGM5003AL 64x8 512 15V LBV,—6V Al 8th! bit: Prog. mantially
o illea}-g;gs’oa;]f; Memlgry I_nfiden— logi,c inputs and the ROM acts as a e1t§1er ofa]ﬁ?;'; P%ﬁz“;zirsﬂtoﬁ H e Semiconductor MCM5004AL 64x8 512 45V +-5V,—6V nichrome has 2K on output
. ) : s .
g]al ePROM is a trademark of Harris PJ:ograrnmﬂ}f’le Logllc ATy (PLA}I E?ng:n}(lous phase show a resistance National MM5202A 256x8 2048 4-5V-9V +12V,—45V  FAMOS device Q suffix has quartz lid
. Div. of Harris Inter-  For more information, refer to the P K ohms, and in the crystal- Semiconductor MM5203 256x8 2048 5V-9V  -}12V,—45V  FAMOS device for erasing.
Semiconductor DIv. do “What Is A ROM?" in the  of about 300K ohms, MM5204 512x8 4096 L5V-OV  112V.—45V  FAMOS device
type Co.; however, the word has be- article 1374 oone of RadioElec- line phase about 500 ohms. Tfhe low- ;
come generic because of its widespread E"«bf_uary’ e resistance, or set state, is acl:}uevcd tiy Signetics 8223 32x8 256 5V 4-5V,-+-12.5V  nichrome open coll. Prog. manually
use in describing all field program- OIS, applying a 15 millisecond pulse to the 82523/825123 32x8 256 L5V 5V,-1-12.5V  nichrome 825123—3 state
mable ROM’s. What PROMSs are available? blistpt% be set. The high-resistance, {)6 82526/82529 956x4 1024 5V 45V.4+12.5V nichrome 26—open coll. 29—3 state
Apealiny of ROBE s (et Soyr 0000 The simplest PROM's—diode ma-  reset state, reduires 2B P‘?gg SS ey Texas Instr. SN74186 64x8 512 45V 45,5V nichrome 9th bit & extra word tested
of the basics of memories an ; : in 14-pin packages  five-microsecond pulses a w SN74188A 32x8 256 15V 5V,-t10V  nichrome by mfg. Prog. manually.
terms used before going any further.  ftrices—are il vals open collector output
The first memories that were used with (Harris HM1-034-2, a 6 X 8 array) These amorphous memories thus :
cor?‘lplziers- (and a computer is not a containing diode arrays -Wlth fus1bge have e; slow write-cycle time and are All types are 0° to 75°C
: i These diode matrices can De
computer without a memory) were o AES G DCC g out” the called by the manufacturcr (Enerey R , : ; - :
ferrite-core m;g‘l:)jnelsl. These core Ifjusi% 2 ks and fhosican be classified Conversion Da‘evLc?i{)lvlmv)onﬁl e prc:ggglyb'ma;km_g bipolar PROl\_fI S (}1? open by connecting a negative voltage Then the desired word is addressed
memories—provided they were prop- : ries are used Mostly Memories (RN . ; = to its) using polycrystalline sili- (—6V) to the output collector of the (with —6V as a “0” and —4V to +5V
erly powered down and up—were non- aS.PRC_)lM fn S:;g)é?;;l an decoding vices are non-volatﬂ.e 11]{?T PRQM s but con fuses '(insteadlof nichrome). Ad- desired bit, applying a voltage (+5V) as a “1”). Notice in Fig. 1 that this
yolatile, meaning the data in them was primarily they can also be written into 11!{6 Ran- vanced Micro Devices also makes 256 to Ve, grounding pin G2, and connect-  forward biases the program transistor
not lost when power was remo‘ied' Io* Suncbiops. dom Access Memories (RAM’s). bit PROM’s with silicon fuses. A look  ing G1 to a negative voltage (—6V).  for that bit so that when the address is
a volatile memory, all data is lost in A iconductor at Fig. 1 will help you to understand
: i morphous semicon ! inks v : ]
powering down. Most core mmlatrﬁonelsl An interssting type of memory that Fusible |Il1k' bR o the operation of this type of fuse-link +125V
are also classified as DRO, althoug > field-programmable is the The semiconductor ! . PROM. This figure is a block diagram 13
a few are NRDO. The DRO (Destruc- 18 Oalsﬁouse sggnicgonductor memory.  often used at this time is the 1311)01;‘11: of a 64-word, 8-bit PROM (512 bits). roe S —_—————————— .
tive Read-Out) uses a read-write cycle f}rl? rpmemory consists of amorphous type containing memory elgm;{:n ; cto1 2 The‘6-b1t ADDR}ES_S input is buffered -9 o0l o AAMN— ¢ t |
to restore data to the cores. An NDRO L iconductor resistors (called posed of nichrome fusible-links. Inte and inverted to pfovide true or comple- 2oS7b 182
(Non-Destructive Read-Out) mem- glass semicon ment addresses to each of six inputs on 2 e 1oW AR | ‘b
ory does not require rewriting the data PROGRAM CIRCUITRY the 64 multiple-emitter AND gates. A o 25W = (s
after a read cycle is completed. seventh input provides the chip enable (16) |
With the advent of LSI (Lal;]gle signal. Since only one of the 64 AND A, (10) |
Scale Integration) techniques and the Ve gates will be activated for a particular ‘52 R |
decreasing cost of semiconductors, the EA\I[?E?;ESBS‘ MEMORY address, that gate will generate a high
use of semiconductors as memory ele- LINES ELEMENT ' S level on one of the 64 word lines con- |
ments became possible. \(arlous types (WORD 0) ( G, BIT By nected to each gate output. These word P S Ay (1) ; |
of semiconductor memories evol\_!ed— ' hnes.are c01.mected to the bases of 64 .EA 3_|_223 k
from simple diodes arranged in a : s multiple-emitter transistors located in PHOGSAB“’,EIMED :
matrix to flip-flops, storedl—charge de- R ER the memory section of the circuit. - A, (12)
vices and amorphous semiconductors. The selected (1 of 64) multiple- s4 2
: s of memories per- emitter transist i b
b ncTw' typrE= to implement the ENABLE & Gz transistors ﬂ]rlsl (:1{1 dl:[‘ifts o Outi:’lut |
mitted designers p ADDRESS ] e eight memory ele- |
ROM for cases where the memory was LINES ments. With the proper resistive load \ 4 As (13) i
to be used for fixed conditions such as (WORD 1) v 5 connected to their collectors, these G f [
program control. i — it T° ) transistors will saturate and a low volt- “ :
%] ROM'’s presented logic de- == age, or logic “0,” will appear at the out- |
5 These 0 tigns R Feerbisty : | Igl - Thuf o lpp e - L A, (14) |
= signers with op v / | put. e normal output of suc S6 >
S available. Now it became possible -tg MEMORY | l a PROM, with the memory elements (e g
= replace complex_logl? Clrcmt;.ﬂ_l“'ltlt e ELEMENTS s Wi intact, is a “0.” This PROM is pro- (8)GND m l
I  ROM’s. You can lmagmﬁ h?W_ ‘fcu WORD 63 ETC. THR g grammed by opening the appropriate & =
ST i or a 7 : ] =
m it would be to des15n the logic memory elements and causing a logic g l
O code conversion—a simple job for a 5 istors (64 of them) connected to the “1” to appear at the output for a spe- -
8 ROM. Another unigue use for ROM'’s FIG. 1—512-BIT PROM schematic shows trem:::: transistors ( R A, o
e b " waveform generators. A sense and program circuils via memory ele 4 Memo Ternents of this ¢ 2 FIG. 2—MANUAL PROGRAMMER schematic. During programming, switch $7 is moved to posi- o
o is in custom Ty elem is type (as in tion 2 long enough to discharge the 10-uF capacitor. Switch $7 should not be in position 3
s the Motorola MCMS5003) are fused for longer than one second.
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selected, current thru the memory ele-
ment is increased (to 30 mA). 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 somewhat. 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 limit the application
of programming current to one output
at a time. This current passes thru the
multiple-emitter “word transistor”
whose design doesn’t allow it to con-
duct more current than required to
open one 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-
scribed 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 clement
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.

> D
PROGRAMMED
ELEMENT
Xy <5 o
4
PROGRAMMED
ELEMENT
X5 & 1<
Y Ya

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 us 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 is 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
SOURCE DIOXIDE DRAIN

e ey, N A,
P-CHANNEL P-CHANNEL
FLOATING
SILICON GATE

N-TYPE SUBSTRATE

FIG. 4—CROSS-SECTION OF FAMOS struc-
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 floating silicon
gate. This negative charge on the gate
results in current flow between source
and drain 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
Ves 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 erase 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
cannot 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 “Is,” 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

(continued on page 119)

Introducing...

MODEL ATC-10
Patent Pend.

ATC-10’s Unique Patterns

RED

CETES

UNIFORM

RASTER

T p———

BBEEE

SENEENE

.].l.

RED RASTER

Check and adjust purity
at the flip of a switch
without disabling blue
and green electron guns.

3.58 MONITOR

Check and adjust color
Sync. OSC. Freq. at the
flip of a switch (No need
to ground AFPC Test
Point.)

COLOR BARS

Sixth bar marked for
identification.

Luminance pedestal
shows color fit.
GRAY QUAD

Gray scale tracking
checks/adjustments.

Yoke orientation.
L.F. video response.

HATCHDOT

Composite cenvergence
patterns enable you to
complete an entire con-
vergence series with no
need to alternately select
separate patterns for DC
and dynamic converg-
ence.

HATCHDOTS

The hatchdots pattern
with its frame-of-dots is
also great for size, lin-
earity, centering, and
pincushion checks and/
or adjustments.

the

A Better Approach to V Analyzing

outstanding features include the following.

B IN-HOME BANDPASS CHECKS AT 1.78 MHz AND 3.56 MHaz.

STABILITY ADJUSTMENTS.

DYNAMIC RANGE.
B INTERLACE SELECTABLE FOR H/V COUNTDOWN TV'S.
B SQUARE WAVE PROVIDED FOR VIDEO PEAKING TEST.

PRESENTATIONS.

Money Generat

8.25"Dx2.6”Hx8.25"W

Great Money Generating Features

The ATC-10 offers portability with a variety of new money-generating
feal‘ures for faster in-home servicing. It is also a superior analyzing
device for troubleshooting tough dogs in the shop. A sample of its

B CRYSTAL CONTROL AND PHASE LOCK
OF ALL CHROMA AND SWE
PROVIDE PATTERNS WITH UNMATCHED CLARITY AND FREEDOM FROM ﬁPTEFsc'aFEE%LéET:?E—S
CHROMA WAVEFORMS ARE VIEWED AS STATIONARY SINE WAVES USING H TRIGGER.

B ALL CRYSTAL-CONTROL / SOLID-STATE
- / DIGITAL IC DESIGN PROVIDES
RELIABILITY AND COMPLETE FREEDOM FROM VERTICAL LINE WIDTH AND géﬁmlég

B EXTRA WIDE RANGE RF/IF OUTPUT ATTENUATOR TESTS RECEIVER SENSITIVITY AND

B IF AND VIDEO INJECTION OUTPUTS WITH "FUSELESS” PROTECTIVE CIRCUITS.

B HoRIZ. AND VERT. TRIGGER OUTPUTS OPTIMIZED FOR EXPANDED OSCILLOSCOPE

@ 30 DAY MONEY BACK GUARANTEE.

— — —

@ 2 YEAR FACTORY WARRANTY AGAINST DEFECTIVE WORKMANSHIP AND MATERIALS.

American Technology Corporation
225 MAIN, DEPT. 11C, CANON CITY, COLORADO 81212

Manual. $1.00 enclosed to cover postage and handling.
O Please ship Model ATC-10’s at $299.95 with:

0O Chan. 2 RF CRYSTAL (std.) installed.
(NO Chan. 2 transmitter in our area.)

O Chan. 3 (optional) crystal installed.

(Chan. 2 transmitter in our area.)
Subtotal

3% sales tax (Colorado residents only)
TOTAL REMITTANCE ENCLOSED

Name

O Please send additional information on the MOD. ATC-10.
O Include a copy of the 2-volume (Home /Shop) ATC-10 Owner's

Send certified check or M.O. for fastest shipment to American
Technology Corp., 225 Main, Dept. 11C, Canon City, CO 81212.

Address

City State Zip

Circle 28 on reader service card




Kleps 40

Kieps 30 Kieps 1

Kleps 10
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Kleps 20 ).

Clever Kleps

Test probes designed by ynurdne(%ds—Push to seize, push
Il Kleps spring loaded). :

?I;:]se‘ﬁi (%oathc?ok clamp grips wires, I,EES’ tEfI‘HIl‘IT%.s

Accepts banana plug 0:5 ?are wire lead. 434" long. 21.43
, but 77 long. ] .

ﬂ:ﬁg 2Sl.if.sé:;‘rﬁpIetelyr flexiblg. t“ffr’:rlked-tongue gnppefﬁ 1_\;:!I
lug or bare lead. ong. i g

f(?ggi Iflal::mE%ml:'pIgtely flexible. 3-segment automatic collet

firmly gri'ps wire ends, PC-board terminals, connector pms!i

Accepts banana plug or plain wire. 644" long. 5&5 :
Kleps 1. Economy Kleps for light line work (not lab quali 5)9

| . 415" |ong. : A :

hgflfplq%.d\?giatﬂ: test prod. Solder con’peqtmp. Molded
phenolic. Doubles as scribing tool. "“Bunch” pin fits banagga

jack. Phone tip. 5%2" long. ek }

Allin red or black - specify. (Add 50¢ postage and handling).

Write for complete catalog of - test probes, plugs, sockets,
cunnec@s, earphones, headsets, miniature components.

Prut 10

Available through your local
distributor, or write to:
RYE INDUSTRIES INC.
== 130 Spencer Place, Mamaroneck, N.Y. 10543
——— 1) Canada: Rye Industries (Canada) Ltd.

Circle 86 on reader service card

... UNIVERSAL
ELECTRONIC

INSTRUMENT
DESIGN AND BUILD
YOUR OWN
ELECTRONIC
INSTRUMENT

IN HOURS, NOT DAYS!

Think of it. No circuit board to
assemble or solder; just push
your electronic components
into the SK-10; no panels.lo
lay out and machine — simply
mount your parts . . . combine
your design with the sglf-
contained power supplies and
you've got a finished
instrument.

Available in 3 kit versigns to
meet your unique require-
mentsljr it combines the SK-10
socket with the UMP-01
universal panel and gives the
L designer an instrument in

1/10th the time it would take
wCIRCUIT DESIGN, INC.

with custom instruments.
ODiv. of E&L Instruments

ECTRONICS

From $50.00 to $85.00 de-
Ea: P.O. Box 24

pending on the power supplies
T Shelton, Conn. 06484

you want. Write for free
literature.
118 Circle 87 on reader service card

next month
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H Project Omega

Code name for a new digita! color TV
varactor tuning system featuring a non-
volatile programmable memory. Also,
other new color TV circuits including RCA
ColorTrak and Zenith zoom.

B TV Games For Your Living Room

Video games have finally made it into your
home,%ourtesy of Magnavox and Broad-
moor. Here’'s how they work and what
they can do.

m All About Digital Panel Meters

State-of-the-art answer to the [?’Arsonyal
movement. Round-up of who’s making
what.

B Vertical FET In Audio Power Amplifiers

A new semiconductor made even newer
totake overan old job.

H Build A Logic Probe

Using an LED indicator to show logic
levelg, this probe can test digital circuits
fast.

B Radio-Electronics Hi-Fi Lab Tests

|
In-depth reports on the Marantz mode
4400 f-'?-r:;hannel receiver and the Marantz
CD-4 decoder.

PLUS
State-Of-Solid-State

Jack Darr’s Service Clinic
Step-By-Step Troubleshooting Charts

HOW A PROM WORKS
(continued from page 74)

MATHEMATICS
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

you in selecting a PROM. This table
includes most of the presently avail-
able PROM’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
requirements.

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 manually (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
CITor on paper, but impossible in most
PROMs.

Another hint for those of you who

If you're into electronic music, PAIA's Pygmy Portable
Amp and .Gnome Micro-Synthesizer are a pair that's hard
to beat. And now we offer them together, as a package,
ataprice that can’t be peat — $84.50 plus 10 Ibs shipping
—catalog #3741,

DEMO LINE—Use Ma Bell's low night rates to get a one
minute demo of PAIA Synthesizers, Qur Tecording equip-

ment also takes catalog requests, charge orders, etg,
(405) 843-7396.

want to try out some PROM’s : several —~ FREECATALDG - — HOME STUDY |NST|TUTE
of the PROM’s we have mentioned in ® Dgp‘f‘_ I-R DEPT. RE-1175 p
this article are available from com- 020 W. Wilshire & ‘1 ERTLRE- ‘0. BOX 1189
panies advertising in the back pages horma Ciay 3& PANAMA CITY, FLA 32401

2 - ; Xla maCity 0K 7316
of Radie-Electronics, For instance, the CTRONICS, ¢, - ;
Signetics 8223 was noted in a couple Circle 88 on reader service card Circle 89 on reader service card

of ads for under $5, and the National
Semiconductor MM203 (similar to
Intel’s 1702A) can be found for
around $20, R-E

EIGHT

INSTRUMENTS IN ONE

(] Dut—of—Circuit
Transistar Analyzear

®* Dvnarnic In-Circuit
Transistor & Radio Tester
Signal Generataor

® Signal Tracer s Voltmeter
Milliammeter
Battery Tester
Diode Checker

Transistor Analyzer ,,, 212

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

READ CURRENT ON VTVM

Pve got an old vivm without any cur-
rent ranges. How can I read current with
this instrumenx?-—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.

VTVM

;.ruul?les speedily with a single, streamlined instrument Instead of an elaborate
ook-up, e

Features: | EMC, 625 Broadway, New York 12, N.Y.
Checks all transistor types — high or low

Power. Checks DC current gain (beta) to | Send me FREE catalog of the complete
200 in 3 ranges. Checks leakage, Uni- | value-packed EMC line, and nama of
versal test socket accepts different bage | local distributor.

configurations. Identifies unknown tran. 3
sistors as NPN or PNP, [ NAME RE-11
Dynamic test for all transistors as signal |
amplifiers (oscillator check), in or out of I ADDRESS.
circuit, Develops test signal for AF, IF,
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This will work on AC or DC. If you
want to read low currents, in high im-

e

S S or RF circuits. Signal traces all circuits, | o ZONE___STATE 5
pedance Circuits, use a 1000 ohm resis- ghte:Cks com}:‘tior‘i’ of diodes. Measures ll BTy o TAn 53
P attery or other transistor-circuit POWE <k aEs S e e Sl ==m
fO_l'- _NOW, youll read 1.0 volt_for each supply voltages on 12.volt scale, No ex- =
milliampere of current. This works el power jource necded. Mieasures E M @
: 3 : 2 2 5 circuit drain or other currents to 80

only in circuits with high resistance, so milliamperes. Supplied with three extor- T
that the added 1000 ohms won’t upset nal leads for in-circuit testing and a WALISLLTITS MEASUREMENTS CORP. °
thi R-E pair of test leads for WELEUL-AUI YOl 625 Broadway, New York, N.Y. 10012 ~
ings. - and current, Comes complete with oL
Instruction manual and transistor listing. 119
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