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Hot soldering irons can be
murder on delicate electronic
componentssuch asIC's. That's
why the DIGI-DESIGNER will
become your bugs' best friend.
It's a solderless breadboarding
instrument that can save you
time and burned out parts.

DIGI-DESIGNER comes complete
with clock, dual pulsers, logic
monitors, voltage switches,
built-in 5 volt supply, binding
posts for external power, in-
put/output BNC's, and more.
Everything you'll need for fast,
efficient circuit design.

DIGI-DESIGNER. It means the end
of "IC Hotfoot" and the start of
efficient, creative circuit design
for you. Suggested resale price
in US.A—5772.75 (in kit form).
Now available at your nearest
computer store.

’

E&L INSTRUMENTS, INC. .

61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex No. 96 3536

Dealer
inquiries
invited.
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MEMORY TESTING

T'S LATE at night and you have just

finished assembling an expansion
memory board for your computer. You
turn the computer on and operate the
console. It seems to function OK. Now
it's time to run a memory test program to
make sure that every one of those 4096
new bytes can store and recall data reli-
ably.

A good memory test routine should be
able to detect all possible failure modes
on the new board. When used at home,
it can be run continuously for a day or
two to “burn in” the components and de-
tect early failures while the warranty is
still in effect. The CPU, data busses, and
power supply are also exercised proving
their ability to handle the additional load.
In a small business application it may be
wise to run a memory test (and tests of

INITIALIZE
STORE
ADDRESS

l

STORE 0 AT
STORE
ADDRESS

I8 0
STORED AT
STORE AD-
DRESS?

STORE 1 AT
STORE
ADDRESS

Is 1
STORED AT
STORE AD-
DRESS?

INCREMENT
STORE
ADDRESS

ALL
ADDRESSES
TRIED?
NO

Fig. 1. Simple memory test.
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By Hal Chamberlin

other system components as well) be-
fore processing sensitive financial data.

A Simple Test Program. Basically a
test of memory amounts to checking that
each memory byte will correctly read
back previously stored data. Since each
byte is in turn composed of 8 bits, the
data used for checking should try each
bit in the “1” and “0” states. Thus a sim-
ple test procedure might be first to write
all zeroes into a byte, read it back for
checking, try all ones, and then go to the
next address until all 4096 bytes are
tested. Figure 1 shows a flowchart of
such a test routine. Actually thisis a very
poor testing scheme because it will fail
to detect a number of common memory
board faults.

Shorts between two closely spaced
printed circuit traces is a common prob-
lem. Assume a solder bridge short be-
tween two adjacent data lines on the
board. What this means is that those two
bits will always be read back identical to
each other regardless of what is actually
stored in the memory IC’s. Usually ze-
roes will override; meaning that if either
of the “paired” data lines has a 0, it will
force the other one to a 0 also. Obvious-
ly the test scheme in Fig. 1 would not de-
tect this problem since all bits in the byte
are identical. Other complementary pat-
terns such as 252 (10101010) and 125
(01010101) (octal) could be used but no
such pattern can guarantee detection of
a short between any pair of data lines.

Shorts or opens in the large number of
parallel address lines are even more
likely and would not be detected either.
The effect of most address line prob-
lems is that the actual number of distinct
storage locations is less than the 4096 it
should be. Another way to think of this is
that two or more different addresses will
refer to the same memory cell. Since the
routine uses the same data in each loca-
tion and only one location at a time is
checked, it would probably run OK even
if none of the address lines worked!
About the only circuitry this routine does

test is the data buffers (if the board has
them) and whatever memory cells that
can be addressed correctly.

A Better Test Program. Let us try to
design a better testing scheme that de-
tects the common faults noted above,
To solve the problem of detecting short-
ed data lines, we should try to store and
recall all 256 possible 8-bit numbers. To
detect bad address lines, we should look
at all of the other addresses to make

MTEST2

CLEAR
MEMORY
TO ZEROES

INITIALIZE

INITIALIZE
STORE
ADDRESS

v

STORE DATA
PATTERN AT
STORE ADDR.

[\,

INITIALIZE
SCAN
ADDRESS

SCAN
ADDRESS
= STORE
ADDRESS?,

CONTENT
OF SCAN
ADDRESS
= 07

NO

ERROR

YES

INCREMENT
SCAN
ADDRESS

ALL
ADDRESSES
SCANNED?

NO
ADDRESS =
DATA PAT?

INCREMENT
STORE
ADDRESS

ALL
ADDRESSES
STORED?

INCREMENT
DATA
PATTERN

ALL
PATTERNS
DOKE?

I'ig. 2. Better memonry test.
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sure the data just stored does not pop
up someplace else. Figure 2 shows a
flowchart for this more effective test
procedure. An estimate of the test exe-
cution time can be obtained by multiply-
ing the execution time of the inner loop
by 4096 locations times 256 data pat-
terns. On a full-speed 8080 this is about
35 microseconds X 4096 X 4096 X 256
or nearly two days!

This routine is quite effective in locat-
ing memory board problems but cannot
detect a fairly common (though less so
now than in the past) memory chip prob-
lem that is termed “pattern sensitivity”.
This is caused by a sort of “spillover” of

bits into their neighbors on the chip and
only causes problems with certain pat-
terns of bits. From the memory chip’s
point of view this routine writes a single
“1” bit in a sea of zeroes and checks
that the “1” remains stored and that
none of the zeroes is disturbed. As the
test progresses, the “1"” moves around
until all locations are tested. Trying all
possible bit patterns is not a feasible so-
lution since there are 21024 of them or
about 10308 on a typical memory IC. Itis
possible to make a thorough test of pat-
tern sensitivity in a reasonable time but
a detailed knowledge of the particular

Using Random Numbers. let us
now take a look at how computer-
generated random numbers can be
used in an even better memory test pro-
gram. Proper functioning of the data and
address circuitry can be simultaneously
tested by changing the procedure a little
and using random data patterns. Instead
of testing one location at a time we will
first store data in all of the locations to be
tested (the store phase) and then come
back and see if all of the locations held
their data (the verification phase). Also
instead of using the same data in all lo-
cations, different random numbers will

(Text continued onp 110)

000:000
000:003
000:006
000:011
000:014
000:017
000:022
000:025
000:026
000:027
000:030
000:031
000:032
000:035
000:040
000:042
000:046
000:051
000:052
000:053
000:056
000:057
000:060
000:061
000:064
000:067
000:072
000:073
000:076
000:077
000:102
000:103
000:106

000:111
000:114
000:115
000:116
000:121
000:122
000:124
000:126
000:127
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061
ol1
315
olz
021
315
315
175
002
033
13
262
302
052
021
5
315
012
275
302
033
173
262
302
303
062
175
062
170
062
171
062
166

072
253
17
o072
252
346
306
107
311

000
001
130
157
000
130
it

017
15q
000
130
111

067

043
006
161
162
164

163
000

157

160

017
XXX

001
000
000
000
020
000
000

000
000
0z0
000
000

000

000
000
000
000
000

000
000

000

000

MTEST

PASS

STORPH

VERFPH

ERRLOG

*

MADDR

memory chip’s geometry is required.

Fig.
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MEMORY TEST PROGRAM USING RANDOM NUMBERS
WRITTEN FOR A 4K BLOCK OF MEMORY ON A 4K BOUNDARY

INITIALIZE RANDOM NUMBER SEED
NEW PASS, GET A RANDOM NUMBER IN HL

STORE RANDOM BYTE IN MEMORY

CONTINUE STORE PHASE IF NOT
RESTORE RANDOM SEED FOR VERIFY PHASE

FORM A MEMORY ADDRESS IN BC

COMPARE WITH WHAT WAS STORED
GO TO ERROR LOG IF NOT THE SAME

STORE ERRONIOUS DATA IN ERROR LOG AREA

LXT SP,400Q INITIALIZE STACK POINTER
LXT H,1

CALL RAND

SHLD SEED SAVE AS SEED FOR VERIFY
LXI D,4096 INITIALIZE ADDRESS COUNTER
CALL RAND GET A RANDOM NUMBER IN HL
CALL MADDR FORM MEMORY ADDRESS IN BC
MOV A,L

STAX B AT ADDRESS IN BC

DCX D DECREMENT ADDRESS COUNTER
MOV A,E TEST IF IT IS ZERO

ORA D

JNZ STORPH

LHLD SEED

LXT D,4096 INITIALIZE ADDRESS COUNTER
CALL RAND GET A RANDOM NUMBER IN HL
CALL MADDR

LDAX B GET DATA FROM MEMORY

CMP L

JNZ ERRLOG

DCX D DECREMENT ADDRESS COUNTER
MOV A,E TEST IF IT IS ZERO

OB .. -

JNZ VERFPH CONTINUE TEST PHASE IF NOT
JMP PASS GO FOR ANOTHER PASS

STA WAS

MOV A,L

STA SHLDBE STORE CORRECT DATA

MOV A,B

STA ERADDR+1 STORE ADDRESS OF ERROR
MOV A,C

STA ERADDR

HLT

HALT OR JUMP TO ERROR PRINT

SCRAMBLED MEMORY ADDRESS FORMATION ROUTINE
USES ADDRESS COUNTER IN DE AND RANDOM NUMBER IN SEED
TO FORM A SCRAMBLED ADDRESS IN BC

LDA
XRA
MOV
L.DA
XRA
ANT
ADI
MOV
RET

SEED

E

C,A

SEED+1

D

17Q

(page number)
B,A

GET LOWER BYTE OF RANDOM NUMBER
EXCLUSIVE-OR WITH LOWER ADDRESS

GET UPPER BYTE OF RANDOM NUMBER
EXCLUSIVE-OR WITH UPPER ADDRESS
SAVE ONLY 4 BITS FOR 4K MEMORY
ADD IN FIRST PAGE NUMBER OF BOARD
BEING TESTED

RETURN

POPULAR ELECTRONICS
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L I B

RAND
RAND1

000:130 006 010
000:132 174
000:133 017
000:134 254
000:135 017
000:136 017

- 000:137 254
000:140 017
000:141 255
000:142 017
000:143 017
000: 144 017
000:145 346 001
000:147 051
000:150 205
000:151 157
000:152 005
000:153 302 132 000
000:156 311

000:157 SEED
000:161 WAS
000:162 SHLDBE
000:163 ERADDR
000:165

Fig. 3 (Cont'd.)

RANDOM NUMBER GENERATOR SUBROUTINE

ENTER WITH SEED IN REGISTERS H AND L

EXIT WITH NEW RANDOM NUMBER IN H AND L
USES 16 BIT FEEDBACK SHIFT REGISTER METHOD

DESTROYS REGISTERS A AND B

MVI B,8 SET COUNTER FOR 8 RANDOM BITS
MOV A,H EXCLUSIVE-OR BITS 3,12,14, AND 15
RRC OF SEED

XRA H

RRC

RRC

XRA H

RRC

XRA L RESULT IS IN BIT 3 OF A

RRC SHIFT DOWN TO BIT 0 OF A

RRC

RRC

ANI 1 CLEAR OUT ALL OTHER BITS

DAD H SHIFT HL LEFT ONE

ADD L REPLACE BIT 0 OF HL WITH RESULT
MOV L,A

DCR B TEST IF 8 NEW RANDOM BITS COMPUTED
JNZ RAND1 LOOP FOR MORE IF NOT

RET RETURN

STORACE FOR MEMORY TEST

DST 2
DST 1
DST 1
DST 2
END

RANDOM NUMBER SEED SAVE

ERROR LOG AREA, ERRONIOUS DATA
CORRECT DATA

ADDRESS OF ERROR

a revolutionary concept in kit building

CLOCK KIT!

SYSTEM 5000 is the first full-feature timepiece
available in programmable form. After the circuit has
been assembled and tested, all that is necessary is to
add the appropriate switches and jumpers to easily
program the system for the desired functions. The
system may be expanded or reprogrammed at any
time.

This represents a revolutionary concept in adaptabil-
ity and flexibility. Build an Alarm/Clock/Calendar or
a full feature Desk or Radio Station clock. Use the
DUPLICATE TIME REGISTER to monitor GMT,
another time zone, or as an elapsed timer. Add the
optional relay to contral AC or DC accessaries. The
possibilities. are limited only by your imagination.

FACTORY ASSEMBLED — 1 YEAR WARRANTY
EC-2001 Solid Actylic "'Time Capsule’ $59.95
EC-2002 , Acrylic & Hardwood $49.95

MARCH 1977

TIME OF DAY REG
REGISTER ® FOUR Y|
or day/month format

preset time ® 10 '_

REMINDER ® 3 FLUN

SELECT — tone, relay,

ONE HOUR DOWN COUNTE

ESCENT DISPLAY — 5

AM/PM e AUTOMATIC DISPLA
POWER FAILURE INDICATION
DISPLAY ® BLINKING OR STE

PLE FORWARD AND REVERSE TIME

A bright Fluorescent display provides easy to tead

numbers that ‘brighten and dim automatically ac:

cording to the light. The clear Acrylic tube with
Acrylic or Hardwood end blocks gives these clocks
a unique look of simple elegance. AM/PM & power
failure indication. Seconds display button. 3% x
3% x 5%".50/60 HZ

Specify blue or green display, 12 or 24 hour time,
and choice of Hardwood — Walnut, Zebrawood, or
Rosewood.

COMPLETE KITS — 90 DAY WARRANTY

EC-2001-K Salid Acrylic NEW! $39.95
EC-2002-K Acrylic & Hardwood SPECIAL! $34 95

DIRECT DRIVE ELIMINATES RFl e SINGLE 9
VOLT BATTERY BACKUP e DISPLAY SECONDS
CONTROL e HOLD AND RESET CONTROLS e

50/60 HZ ° 700 WATT RELAY DPTIONAL;

SYSTEM 5000 includes all components, 2 time gei

" Send your check ¥ money order today. for fast

delivery. Add $1.00 per clock to cover shipping and
insurance. Money back guarantee on all products if
not fully satisfied, N.J. residents add 5% sales tax.
Use your Master Charge or BankAmericard. Phone
orders acceptad.

L’;_;‘j:::,l digikal concepks

DIGITAL CONCEPTS CORPORATION
249 Route 46, Saddle Brook, N.J. 07662

201/845-7101
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be stored into each location. Finally, in-
stead of storing and verifying in an as-
cending sequence of addresses, a
scrambled sequence based on random
numbers will be used.

One potential problem with this meth-
od is that, with true random numbers, it
is not possible to tell during the verifica-
tion phase what the stored data should
be. One solution would be to retain a
copy of the correct pattern in known
good memory. A better solution is to use
a “pseudo random” number generator.
Such a generator works by creating a
new number from an old one which is

called the “seed.” A sequence of ran-
dom numbers is obtained by repeatedly
calling the generator routine giving the
last number it produced. If the same ini-
tial seed is used, then the sequence of
random numbers will be the same. So
we have to save only the seed to be able
to regenerate the sequence for verifica-
tion. A scrambled sequence of ad-
dresses can be obtained by exclusive
OR'ing the lower 12 bits of the memory
address with a random number that
changes after each “pass” (store and
verify phase) through the test routine.
Also, after each pass, the data pattern

MODEL M
Fits most
standard
trunk mount
CB antennas.

MODEL FX

’ Hex barrel type
trunk mount
CB antennas.

e |nstalls in minutes . .. no
special tools, no special skills

/ ®
tenna-loc

®
tenna-=loc
MODEL H
Fits
“Hustler" type

trunk mount
CB antennas.

95 ea,

shipping

@
tenna-=loc

Fits Fibreglass

PROTECT YOUR CB ANTENNA

includes

®
s tenna=loc

MODEL S
Fits “Signal Kicker”
. lype trunk and
_ roof mount

CB antennas.

ORDER NOW!

S e CHOOSE THE tenna-loc MODEL

¢ Keeps antenna intact and in
place year round.

THAT FITS YOUR CB ANTENNA.

Clip and mail today

® May be removed for carwash VERNITRON CORFPORATION

or storage.

e Made of chrome-plated,
corrosion resistant
materials.

® Made in U.S.A. — World
patent applied for.

A product of v

| want tenna loc ! Send me.
complete (Check models desired)

0 Model M— Standard type 0O Model FX — Fibreglass Hex type

1 check or 00 money order enclosed.

CONSUMER PRODUCTS DIVISION Dept PE.3
Lake Success Park, Communily Drive, Greal Neck, N.Y. 11021

models @ $11.95 ea.

total amount.

A VERNITRON
CORPOR. TOINT Address
CO MER PRODL IVISION

City

O Model H — Hustler type 0 Model S — Signal Kicker type I

State Zip
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Residents of Calif., Conn.. N.Y., N.J. add Sales Tex. Approx. two weeks delivery.

== 10 DAY MONEY BACK GUARANTEE =
CIRCLE NO. 61 ON FREE INFORMATION CARD

seed is changed so that each pass is to-
tally different.

Using this method the data lines will
be thoroughly tested because after a
short time all possible data bytes will
have been tried. Addressing will be
checked out also since an incorrect ad-
dress during the data store phase is like-
ly to wipe out data stored elsewhere ear-
lier in the phase. The random address
scrambling insures that a variety of pat-
tern store sequences will be tried. After
a few dozen passes through the routine,
the likelihood is extremely high that ev-
ery bit of memory has been tried in both
one and zero states. Although pattern
sensitivity of the memory chips is not
specifically tested, a great variety of pat-
terns will be tried.

Figure 3 shows a listing of the im-
proved memory test program in 8080
assembly language. The pseudo-ran-
dom number generator subroutine simu-
lates a 16-bit shift register with feedback
for random bit generation (see the TTL
Cookbook by Don Lancaster). Eight ran-
dom bits are generated each call and
are put together to make a random byte.
The seed that is saved for the verify rou-
tine is also used as an address scram-
bler. The test program runs as an end-
less loop and will not repeat the se-
quence of addresses and patterns until
65,535 passes have been completed.
Although written for testing a 4k byte
memory board, it is readily modified for
8k and 16k boards also. If you are test-
ing a so-called “dynamic” memory
board,the computer should be periodical-
ly halted from the front panel for a few
seconds. This will verify proper opera-
tion of the refresh circuitry since normal
execution of the test routine would be
sufficient to refresh the' memory.

If an error is detected during the verify
phase, control is passed to an error log
routine. This routine stores the address
of the error, the correct data byte, and
the erroneous data byte in an error log
area. (located at the end of the pro-
gram). At this point, a print routine could
take over for a permanent record of all
errors. Otherwise, a simple halt could be
executed allowing front-panel access to
the error log area. By examining a num-
ber of error logs, it is usually possible to
pinpoint the problem causing errors. For
example, if only a single bit is in error
and the errors are confined to a 1k block
of addresses, then a bad memory chip is
the probable cause. If there is a multi-
tude of errors, and the correct data
bears no resemblance to the wrong
data, there is an addressing problem in-
dicated. <

POPULAR ELECTRONICS

OPERATIONAL
AMPLIFIER
QUIZ

BY WILLIAM E. PARKER

Assume each of these circuits is an
ideal op amp and each inputis +1.0
volt dc. Determine the output voltages.

20K
500K
10K

20K

10K
6K
-20
I0K

2K
3K
2

10K

=
w

S+ g HAL D8+ g 39— f0:D 88 ‘p— 1V Siamsuy
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Aavanti

SOLVES

TV
INTERFERENCE

Interference between television and CB
radio is an annoying and not uncommon
problem. Avanti solves these problems
with 3 line filters...

WTEAFERENGE FILTER{LOY PASS)
5 BAND RADIG USE.
VWA 11

VB0 T VLN
FOR CITIZEN;

gk GUTOEE FAED. S

AV 800 TV interference filter (low pass)
installs in CB antenna line and is espec-
lally useful for interference on CH2 and
5 of poorly filtered TV receivers.
impedance = 50 OHMS
line loss negligible
VWSR =11
attenuation on CH2 (54 MHz) = 80db
1000 watt capacity
3db cutoff frequency = 43 MHz

Al

AV 811 TV interference filter (hi-pass)
installs in TV antenna line and supple-
ments inadequate TV filtering to prevent
interference between TV or FM and CB
or other high frequency radio services.
impedance = 300 OHMS
line loss = negligible
VSWR =1 =4
cutoff frequency = 54 MHz

LINEFILTER
AND FADICHISE

RANSVISSION ( £3. JERA
v s
e

AV 820 A.C. line filter prevents trans-
mission of CB signal through AC power
lines. Suitable to contain signal at C.B.
transceiver or to prevent outside signal
from entering TV through AC line.
1200 watt capacity.

Avanti makes a complete line of high
performance mobile and base CB anten-
nas from $11.95 to $404.00

Free 24 page color catalog.

Aavanti

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Avenue, Addison, IL 60101

\ Creators of the famous
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