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Semi memories are exploding beware—don’tsee somethingthat
with “moire” bits per chip than isn’t there. All those parameters
ever before. Access time, power can play tricks on the senses
and prices are dropping and new and your ‘““second source’’ may
technologies are emerging. But turninto a phantom. Page 56.
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The $2 Pot
with the
$5 Linearity... &

COMPARISON OF DIAL SETTING ACCURACY
(Possible production variation — unit to unit)

©/ ZERO-BASED
12 /° LINEARITY

©/_ NDEPENDENT
i1 /o LINEARITY

LASER-TRIMMED SAVINGS
Now, for about $2*, the Bourns® Model 87/88 semi-precision, single-turn poten-
tiometer delivers 2% zero-based linearity. Compare the accuracy to the $5
V. precision pot with ==1% independent linearity that you're buying now . . . espe-
.‘fé" d + 5% 'L'}',ESES#QENT cially the performance at the low end setting, where dial setting accuracy is most
V 4 critical. Laser trimming and advanced element designt deliver performance and
savings in a %s” square modular package.

MOVE UP FROM INDUSTRIAL GRADE CONTROLS

% OF ELECTRICAL ANGLE

~10, o Again, for about $2, the Model 87/88 offers 200-300% greater panel setting
accuracy over industrial grade controls. They’re perfect for applications requiring
PERFORMANCE/COST COMPARISON close, consistent calibration of output-to-panel setting and versatility of design.

Type Element | Linearity | APProX- MODEL 87/88 — THE ALTERNATIVE

Don’t compromise your application with lower performance controls or pay a pre-
mium for precision pots. Specify the alternative — Bourns Model 87/88. Write or

BOURNS 87/88 ol B9 call today for complete technical information.

SEMI-PRECISION $2.00

POTENTIOETERS | cormet | 2% $2 SEMI-PRECISION MODULAR POTS . . . BEAUTIFUL!

penrommance | massel | 5o 1% | 5100 TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside,

CUNIHCES b California 92507, Telephone (714) 781-5122 — TWX 910 332-1252.

* Production quantities, Domestic U.S.A. price,
Single cup unit only.
tPatert Pending

International Marketing Offices: European Headquarters — Switzerland 042/23 22 42 e Belgium 02/218 2005  France
01/2039633 « Germany 0711/24 29 36  Italy 02/32 56 88 » Netherlands 70/87 44 00 ¢ United Kingdom 01/572 6531 e
Norway 2/71 18 72 » Sweden 764/20 110 e Japan 075/921 9111 » Australia 02/55-0411 03/95-9566 e Israel 77 71 15/6/7 For Immediate Application — Circle 130

For Future Application — Circle 230
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SURPRISE!

The Worlds First
Rectangular LED Lamps

For the first time LED’ are offered in a rectangular epoxy package. Available in

high-efficiency red, yellow and green, they feature a flat, high intensity, light emitting surface.
And, since they’re end or side stackable, they're ideal for flush mounted panel

indicators, backlighting legends, and linear arrays. Plus you get long life
and solid state reliability. And they're in stock right now. Choose
our 5082-4570 for yellow, the 5082-4670 for high efficiency red, or the
HEWLETT Iﬁﬁ' PACKARD

5082-4970 for green. Priced at $1.00* in quantities of 1000. «u's Domesic prices only
In the U.S., contact Hall-Mark, Schweber, Wilshire or the

Sales and service from 172 offices in 65 countries.
1507 Page Mill Road. Palo Alto, Califorria 94304

Wyle Distribution Group (Liberty-Elmar) for immediate delivery.
In Canada, contact Schweber Electronics or Zentronics, Ltd.
CIRCLE NUMBER 2

For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, Atlanta (404) 434-4000, Los Angeles (213) 877-1282
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MIL-SSR UPDATE

Ready for military service:

Our new AC
power SSR.
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Commercial relays are no match for severe military or
aerospace environments. But there’s no doubt about

our new 652 Series. Designed expressly for military and
aerospace applications, this new AC SSR is packaged

in a rugged, hermetically sealed aluminum case with

the internal circuit assembly encapsulated to resist
shock and vibration. What's more, all circuit components
are military grade including the inverse parallel SCRs
that provide reliable output switching — up to 25 Amps —
over the frequency range of 45-440Hz.

Other features include logic compatible input drive

“y\" TELEDYNE RELAYS

60 70 80 90 100 110
CASE TEMPERATURE (°C)

circuitry, optical isolation, and zero voltage turn-on to
reduce EMI.

To top it all off, our 652 Series is designed to meet
MIL-R-28750 and all categories of MIL-STD-704A, with an
operating ambient temperature range of =55°C to +-110°C.

For complete specification data, contact your nearest
Teledyne Relays sales office listed in EEM, Gold Book
and Electronics Buyers’ Guide. You'll find we have

the experience, products, and technical support to meet
all your SSR needs — including a quick reaction capa-
bility to design SSRs specifically for your application.

TELEDYNE’S MILITARY SSRs

A. P/N 683-1 DC SSR
DIP package, with output rated at
600mA/50VDC

B. P/N JM640-1 Bi-polar SSR
Mil P/N M28750/5. TO-5 package, with
bi-polar (AC/DC) output rated at 60mA/40V

C. P/N JM643-1 DC SSR
Mil P/N M28750/6. TO-5 package, with
output rated at 300mA/40VDC

D. P/N JM643-2 DC SSR
Mil P/N M28750/7, TO-5 package, with
output rated at 100mA/250VDC

E. 652 Series AC Power SSR
Output rated at 25A/250VRMS

3155 West El Segundo Boulevard, Hawthorne, California 90250

Telephone (213) 973-4545

CIRCLE NUMBER 3
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How

to do three

things at the
same part:

Advanced Micro Devices, Inc. ® 901 Thompson Place, Sunnyvale, California 94086 e Telephone (408) 732-2400 o
Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics and regionally by Arrow, Bell,
Century Electronics, Future Electronics and RAE Electronics.



If you want a great 8-bit D-type register
with common clear, get our Am25LS273. If
you want one with three-state outputs, get
our terrific Am25LS374. If youre looking
for a sensational common enable, you want
our Am25LS377. However, if you'd be willing
to settle for all three, read on.

Advanced Micro Devices announces the
Am?251.S2520 8-bit D-type register. With
common clock enable. With common asyn-
chronous clear. With three-state outputs.
With MIL-STD-883 for free. And all in a
super-convenient 22-pin DIP. Look:
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And all that really means is that next
time youre thinking about registers, lowe
power Schottky and TI, you should also be
thinking about AMD. Or calling. Or writing.

(After all, where else can you do three
things at the same part?)

Advanced Micro Devices

Bipolar LSI. N-channel, silicon gate MOS. Low-power Schottky.
Multiple technologies. One product: excellence.

Pn

CIRCLE NUMBER 19



TAKE THE GAMBLE OUT OF
SPECIFYING

POWER SUPPLIES

When you specify power supplies manufactured by Abbott Transistor Laboratories,
you minimize your risks and maximize your return.

No “SNAKE EYES' with Abbott, only winning
performance

Abbott power supplies are reliable, they won't
““CRAP OUT"” on you

No “LITTLE JOE’S,” Abbott units are big on
performance

No “BOX CARS" either — Abbott units are
compact

Don't go the “HARD WAY,"” specify Abbott, the
easy way to solve your power supply require-
ments

Abbott makes a wide variety of industrial/commercial, OEM, military and aero-
space power supplies. Each and every unit is subjected to rigorous quality control
and electrical testing before shipment to insure that when you put it on the line,
it will pass every time.

So when you want a reliable power supply, come to Abbott, the winner for price
and performance.

Please see pages 1836-1848 of your 1976-77 EEM (ELECTRONIC ENGINEERS
MASTER Catalog) or pages 672-682 Volume 2 of your 1976-77 GOLD BOOK for
information on Abbott Modules.

Send for our new 60 page FREE catalog.

" GENERAL OFFICES EASTERN OFFICES

abbott transistor 5200 W. Jefferson Blvd. 1224 Anderson Ave.
z_zc)lsa;\g%%lgﬁ,sgA 90016 Fort Iége, NJ407024

- (201) 224-6900

LABORATORIES, INCORPORATED ;5,50 83%1308 Telex 13-5332
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Across the desk

Slow-down circuit
can cause problems

In the Idea for Design, “Digital-
Integrator for Intrusion Systems” (ED
No. 5, March 1, 1977, p. 74) author
Gross’ slow-down circuit at pins 1 and
9 of the 4015A dual 4-bit register can
be troublesome for two reasons:

1. If the comparator output “bounc-
es,” the clock signal could hover close
to its transition level, and thus defeat
the 15-us transition spec for the 4015A.

2. The circuit increases the power-
supply noise susceptibility.

My solution: Use an MC14015B with
ade clock circuit and insert a hysteresis
slow-down circuit having a fast transi-
tion time (see figure).
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A. Frisch
VP, Engineering
Zygo Industries Inc.
P.O. Box 1008
Portland, OR 97207

The author agrees, but...

The circuit shown in my article
works. However, should it not function
properly because the clock signal “hov-
ers,” or because of power-supply noise,
the failure is safe. We agree with
reader Frisch that his proposed circuit
is an improvement, which we and other
readers should use when cost con-
siderations allow.

Thomas B. Gross
T. A. O. Gross & Associates
Lincoln, MA 01773

Audio-amplifier delivers
regulated dc power

Some of your readers may have a

need for a continuously adjustable,
regulated, bipolar dec power supply that
can deliver 20 A at 100 V. We recently
had a requirement for just such a
device to drive the highly inductive
field coil in a homopolar generator.
After a lengthy search, we decided to
use a Model M-600 audio amplifier
manufactured by Crown International,
Inc., of Elkhart, IN.

This amplifier can deliver the re-
quired dc power continuously. By sim-
ply adding an SPDT switch, a pair of
1960-Q resistors and a 2-k©, 10-turn pot
to the front panel plug-in circuit board,
one obtains a completely self-con-
tained, well regulated power supply at
a fraction of the cost of the nearest
commercial equivalent.

Gilbert A. Miranda
University of California
Los Alamos Scientific Laboratory
P.O. Box 1663
Los Alamos, NM 87545

Misplaced Caption Dept.

Actually, the floppy disc con-
cept isn't all that new.

Sorry. That’s Rembrandt Van Rijn’s
“Portrait of a Young Women,” which
hangs in The National Gallery of Ire-
land in Dublin.

(continued on page 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor,
Electronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld upon request.
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NON-CONTACT
SWITCHING!

OPTICALLY COUPLED
INTERRUPTER
MODULES

OPTRON OFFERS
IMMEDIATE DELIVERY OF
NEW, LOW COST SERIES

OPTRON’s new, low cost optically
coupled interrupter module series
combines non-contact switching and
solid state reliability for applications
requiring sensing of position or motion
of an opaque object such as motion
limit, paper edge or shaft encoding.

The new OPB 813, OPB 814 and
OPB 815 consist of a gallium arsenide
infrared LED coupled with a silicon
phototransistor in an economical
molded plastic housing. With a LED
input of 20 mA, the OPB 813 and OPB
815 have typical unblocked current
outputs of 2.0 mA and 3.0 mA, respec-
tively. Typical output of the OPB 814 is
3.0 mA with a 10 mA input. The entire
series is available from stock.

Background illumination noise is
eliminated by a built-in infrared trans-
mitting filter and dust cover in each
device type. The OPB 813 also is
available with a 0.010 inch aperture for
high resolution applications.

New OPTRON optically coupled
interrupter modules are interchange-
able with similar products as follows:

OPTRON GE

OPB 813 H13A1
OPB 813 H13A2
OPB 814 H13B1
OPB 814 H13B2

Detailed technical information on
these and other OPTRON standard in-
terrupter and reflective modules, as
well as versions for specific applica-
tions is available on request.

C}\ OPTRON,INC.

1201 Tappan Circle

Carrollton, Texas 75006, u.SA

214/242-6571 « TELEX-73-0701
® TWX-910-860-5958

CIRCLE NUMBER 5




Intel delivers the growing

Our 2114 has already become the most widely second-sourced 4K static RAM for N
the same reason Intel’s 2102A is the industry standard 1K static RAM.The 2114 3\
simplifies system design, like the 2102A, and provides the highest possible
density and modularity in static memories.

The 2114 is the first of several new generation Intel static 4K RAMs.

We are now delivering both the standard 2114 series and the low-power 2114L
series in production volumes. The 2114L is just as fast as the 2114 but con-
sumes 30 percent less power. We will soon be shipping the 2142 to designers
who want an extra chip select and output disable control inputs.

Next, we'll add the super high-speed 2147.

This new generation assures a continuing reduction in static RAM
costs. We fabricate the 4K chips with an evolution of our 2102A
technology. At 181 mils square area, the 2114/2114L packs four s
times the bits in only twice the silicon area. The chips R
fit into standard 18-pin plastic or ceramic packages, D i i C e
keeping volume production costs low. /T

Our 4K RAMs also inherit the
2102 A’s ease of use and low overhead.
You don’t need a clock, address
setup timing, or refreshing.
You don't even need pullup
resistors or output gating.
These RAMs operate at TTL

levels on a single

+ 5v supply and have buffered, three-state
outputs. We guarantee identical access and
cycle times, so you can surpass the performance
of clocked RAMs. For instance, you can achieve
a data rate of 20 million bits a second with our
200-nanosecond parts. That's up to twice the rate
of clocked RAMs with 200-ns access time. Intel
specs also guarantee that even at such high through-
put you'll need only 25 to 50 percent of the power of
first-generation static RAMs.

ELECTRONIC DESIGN 17, August 16, 1977



4K static RAM famuly:

As for board density, look at the pinouts. The 18-pin 2114/2114L configuration provides
the highest density possible in 4K static RAMs.
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Our 20-pin 2142 adds a second chip select—so you can go to
4K without external decoders—and an output disable for direct
control of the output buffers. And since it is a simple modifi-
cation of the 2114, it promises similar production economies.
You can minimize package
count at any number of kilo-

compatible 256x4-bit 1K x4 |0-70°C 0-70°C

bytes since these new RAMs H
store 1Kx4 bits. With our Cyoglo:%m':?éa%x)

static RAMs, younow | 21142 100 mA
have the widest range | 2114L2 200 ns 70 mA
of modular design ‘

options. They are
all listed in our

new Static

The 2114/2114L series is already as
easy to get from stock as the 2102A.
The 2142 soon will be. Contact any Intel
franchised distributor: Almac Stroum,
Component Specialties, Cramer, Elmar,
Hamilton/Avnet, Harvey Electronics,
Industrial Components, Liberty, Pioneer, Sheridan, L. A.
Varah or Zentronics.

For your copy of our Static RAM Family Album, write:

Intel Corporation, Literature Department, 3065 Bowers Avenue, Santa
Clara, California 95051.

In Europe, contact Intel International Corporation S.A., Rue du Moulin a Papier,
51-Boite 1, B-1160, Brussels, Belgium. Telex 24814. In Japan, contact Intel Japan

Corporation, Flower Hill-Shinmachi East Building 1-23-9, Shinmachi, Setagaya-ku,

Tokyo 154.

intal delivers.

CIRCLE NUMBER 6
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Across the deshk

(continued from page 7)

Markets, not people
make the differences

In response to your editorial
challenge about the differences in con-
sumption patterns between countries
(ED No. 2, Jan. 18, 1977, p. 51), let me
suggest some marketing reasons for
dissimilarities by relating them to au-
tomatic transmissions:

s The American market may in-
clude a greater population of women
who make the purchasing decisions
and prefer automatics.

s The American market may have
a higher level of expendable income,
thus more interest in accessories.

s The American pricing structure
may emphasize the profit in ac-
cessories, thus motivating dealers and
salesmen to sell them.

= The American cultural back-
ground may make automation more
acceptable.

I submit, then, that the markets are
different—much more so than the in-
nate differences in any two comparable
individuals, one from each market.

Charles F. Turner
Engineer
Cricket Hill
Ambherst, NH 03031

Try depending on
personal values

I don’t know if all men are brothers
(see “Are All Men Brothers?” ED No.
2, Jan. 18, 1977, p. 51), but there sure
are a few I would hate to see marry
my sister. Some differences really do
go pretty deep—or else we wouldn’t
need police. Still, most people are very
much the same the world over—as
your editorial pointed out. Including
the habit of absorbing their concepts
of value from those around them, by
a process akin to osmosis. An extreme
example: it is not really necessary to
tell one’s children that it is not nice to
barbecue the neighbors for lunch. The
idea is obvious, because the matters
involved are both so important and so
obviously objective.

However, the value of remote con-
trols in television receivers isn’t ob-
vious. Most consumers’ grasp of what
remote controls are good for and what
they mean to them is derived entirely
from the implicit “idea pool” in their

10

market area. And their resultant
purchases are the expression of these
ideas in action. It would be interesting
to see what would happen if the idea
took hold that each individual con-
sumer has to grasp the values involved
for himself—and live with the results
of his evaluation. Marketing patterns
might change in rather surprising
ways.

Richard W. Bowser

President

R.W.B. Research Co.
5648 Pierce
Omaha, NE 68106

What's in a name...

In your editorial of Jan. 18, 1977 (ED
No. 2, p. 51), you asked for help in
explaining the buying habits of Eu-
ropeans. Why this is bought instead of
that—not even market-research ex-

perts can explain. I have no answer
either. However, there is one thing I
know: Johann Schiller did not write the
“Ode to Joy.” It was Friedrich von
Schiller (1759 to 1805).

Also, the German, “Alle Menschen
werden Brueder,” translates into “All
men become brothers,” not “are
brothers.”

Manfred Moerre
Consumer Products Group
The Singer Co.
321 First St.
Elizabeth, NJ 07207

Ed. Note: We bow to Mr. Moerre's
superior fluency in German but, in
apology, wish to point out that our “All
men are brothers”is from a free trans-
lation by the poet and anthologist,
Louis Untermeyer. We disagree with
the statement that Johann did not
write the Ode, but agree that Friedrich
did. The man'’s name was Johann
Christoph Friedrich von Schiller.

Headlight circuit
works as advertised

In reply to William Sloan’s letter
appearing in the March 1 issue (ED No.
5, p. T) concerning my headlight delay
circuit (ED No. 18, Sept. 1, 1976, p. 114):
I maintain that the circuit will work
“as advertised” if the switch, S, , in the
original circuit—with no other mod-
ifications—has a center-off position.
This subtlety, which was not fully
explained, provides the versatility of
three functions: delay, automatic shut-
off and bypass.

In the delay mode, the delay begins
after the ignition is turned off regard-
less of the light-switch position. In the
automatic shut-off position (S; in
center-off mode), the delay starts after
the ignition is switched off, provided

the light switch is in the on position.
The delay is terminated, if the light
switch is turned off first.

The center-off-position switch is
more efficient than Mr. Sloan’s circuit,
which adds extra components. Fur-
thermore, Mr. Sloan reduces the three-
function capability of the original
circuit to two functions.

To improve the original -circuit
further, substitute a DPDT switch
(with center off) for the SPDT S, to
provide two different time-outs: a long
delay for the delay mode and a short
(or no) delay for the automatic shut-
off mode (see circuit).

John Okolowicz
Honeywell Inc.
1100 Virginia Dr.
Fort Washington, PA 19034

B LIGHT SwW

y DELAY
o(OFF) AUTOMATIC

7
1

! SHUTOFF
BYPASS

O .
SW ce
(OPTIONALE[\ ci
7 I000F
BYPASSO ©  Onc gy =

S|

C2 =LESS THAN C|

S| INDELAY POSITION— TIME OUT = f (CI+C2)
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FINALLY. BULK MEMORY
_ WITHOUT THE BULK.

Introducing the Fairchild 64K F464.
The first semiconductor CCD memory designed for
> the bulk memory market.
It plugs the gap between MOS and magnetic memories.
It's as important to bulk memory systems as the
semiconductor RAM was to core.

4 \ It's a higher-density, lower-cost alternative to
-\ discs and drums.
A The fact is, the new F464 is the densest memory

: Sl ever made. A compact die size of less than
, AaAY ?!'“'"' if‘ ) "/""“xﬁ_ 40,000 mil2 — not much larger than today's 16K RAMs.
n i) \Iﬂ{mn NIII nﬂﬂsnnVlI?'Mﬂ 'ﬂ\ n\\ All packaged neatly in a standard 0.3-inch 16-pin DIP.
‘\ ﬂ l' This isn't a preview of coming attractions.
The Fairchild F464 is available right now. With a second
source already signed up.

\




THE STUFF INDUSTRY STANDARDS
ARE MADE OF.

There has never been a device like the new F464.

It's @ 65,536 x 1-bit dynamic serial memory organized as 16
randomly accessible shift registers of 4096 bits each. The four
address bits are decoded on-chip to select which one of these 16
shift registers is to be accessed. Control inputs include Write Enable
and Chip Select. It requires standard power supplies of +12Vand £ 5V.

All inputs (except the clocks) are directly TTL compatible.

MEMORY PERFORMANCE The two high-frequency and two low-
CHARACTERISTICS .
o SR frequency clock inputs are low

7 —\0-’/@%/&,// capacitance 12V signals which can be
& Lo~ D easily generated with simple logic.
g The data rate ranges from 1 MHz to
5 T # ——  5MHz Sinceall 16 registers shift
g fo—qowoc  simultaneously, the average random
§ Lo meeowmoee - access time (called latency) is only
3| S 410 us at 5MHz—a truly significant

| performance improvement over other

w07 o e 1w w0 bulk memory technologies! And, at the

same time, the power dissipation remains low: typically

3.5 uW/bit at 5 MHz, and 0.6 uW/bit during standby at 1 MHz.
These performance benefits make the F464 a natural

for hybrid head-per-tracks and fixed-head discs, extended cache,

and many other high-density memory applications.

LOW COST FROM DAY ONE. GERREN G S
The new F464 is three to four times o .
less expensive than RAMs. It is also 1o 4R

cost-competitive with all fixed-head and L
many movable-head discs. So there are
no trade-offs between price and
performance. The Fairchild F464 gives

FHD MOS

i/

MHO

COST (CENTS/BIT)

5 &
you the best of both. £y FLOPPY DS
We also give you excellent delivery. e
Fairchild has a plant in San Jose, 07 ecaRmoce
California totally dedicated to VLSI Lio-s
technology and production. i S W,
mE 1970 1972 1974 1976 1978 1980

Fairchild pioneered CCD technology. We introduced the

world's first commercially available charge-coupled device in 1973.

Today, we offer the world's broadest line of CCD products.
It stands to reason we'd be the ones to make CCD memories

ety RO A A
For more information on the F464 (or our other CCD products), EAIRCHILD

contact your Fairchild sales office or representative today. Or use

the direct line at the bottom of this ad to reach our MOS/CCD [ - e e R R
Division. Fairchild Camera and Instrument Corporation,
464 Ellis Street, Mountain View, Calif. 94042. Tel: (415) 962-3941. CALLUS ON IT.

TWX: 910-373-1227 (415) 962-3941

CIRCLE NUMBER 9



Now you can take advanced multi-channel recording
technology out of the laboratory and into the field. EMI’s
proven SE7000 rivals the versatility, fidelity and
performance of the most expensive lab recording systems.
Yet it's rugged enough, compact enough to travel to the
factory floor, the launch pad or any other operation site.

The SE7000 handles the full range of requirements
from routine 14-track midband all the way to 42-track
recording capability. It offers a choice of eight speeds
between 15/16 and 120 ips providing 600 kHz DR or dc
to 80 kHz FM at 120 ips. Equalizers and filters for all tape
speeds are built in as standard. And it has a built-in

calibration module, eliminating the need for time-
consuming cross-patching.

All these features are packed into a transportable
unit so rugged that the system is warrantied unconditionally
for a full year. Complete with its internal AC or DC power
supply, the weight is less than 100 pounds.

The SE7000 has gone into the field in automotive,
aerospace, petrochemical and transportation applications
all over the world. Applications, like yours, that need
laboratory precision but can't be brought to the lab.

EMI Technology Inc., Instrumentation Division,

55 Kenosia Avenue, Danbury, CT 06810 (203) 744-3500,
TWX: 710-456-3068

EMI Technology Inc., Instrumentation Division
A member of the EMI Group. International leaders in music, electronics and leisure

CIRCLE NUMBER 10
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Revolutionary

NEW 64-bit 15 MHz
Digital Correlator.

CLOCK W R
DIGITAL
DIGITAL | _ SHIFT
lNIZUT o A A As Au O olﬁ’pu'r } REGlASTER
< <
S
CORRELATOR
ANALOG OUTPUT
(SUMMED OVER BITS)
®
DIGITAL Eb s DIGITAL | _ SHIFT
INPUT B, Bu |0 quTPUT ¢ REGISTER
B - -—— B
CLOCK . i 5t _T
DIGITAL SHIFT
NPUTO—f M | M | W M 0 DIGITEL } REGISTER
----
(MASK REGISTER) 3
CLOCK o, S J

D/A =Digital to analog current source
(®=Exclusive-OR function

TDC-1004J
Features:

e 15 MHz correlator speed
* 30 MHz shift speed (static shift registers)

e Analog current output, proportional to degree
of correlation between registers

e Mask register: Used to select “Don’t Care”
(no effect on correlation) bit positions if desired

e Monolithic, bipolar TTL

e 16 pin C DIP

e 0-70°C operation

e 200 mW power consumption
e Only $150 each in 100’s

Applications:

e Image comparison/recognition
e Bit/word synchronization

e Bit/word detection

e Error correction coding

e Pulse compression

e One’s or zero’s counter

The TRW TDC-1004J is a 64-bit digital correlator capable of operating at
15 MHz with analog correlation output. Digital parallel correlation is a signal

processing technique used for bit synchronization, bit detection, error

correction coding, pulse compression and other applications.
Correlation takes place when two binary words are serially
shifted into two independently clocked shift registers.

The two words are continually compared bit-for-bit by
exclusive-OR circuits.

Each exclusive-OR circuit controls a current source D/A.
The current outputs of the D/A circuits are summed
to produce the correlation function.

The mask register allows the user to selectively choose
“no-compare’ bit positions.

For detailed data, applications information and prices, contact
your local TRW components sales office or call (213) 535-1831
or write TRW LS| Products, An Electronics Components Division
of TRW, Inc., One Space Park, Redondo Beach, Calif. 90278.

CIRCLE NUMBER 11
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BRAND NEW MINICOMPUTERS
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You Can Do More with HP Microprocessor Power Supplies...

BECAUSE YOU Gl
TRIPLE OUTPUT!

"NPLE OUYPUY POWER sumv
5236! Mm ’
-an.,

vOLTAGE

of your microprocessor system, HP’s compact, low cost :
lab power supplies offer more. For example, Models ly s
6236B and 6237B offer three adjustable output voltages. viding three diﬁerent outp ;
Model 6236B covers 0 to 6V at up to 2.5A. Model 6237B  on/off voltage transients so your circuit is protected
is 0 to 18V at up to 1A. Both have plus and minus out- against damage. Both models are designed to make
puts of 0 to 20V that track within 1%, or you can switch  development work with microprocessors easier.

for the end product...

where you can feature a triple output OEM Modular features to help optimize your microprocessor design
Supply specifically designed for powering microproces- include an internal AC line fuse, fixed foldback current
sor systems. Model 62312D provides three isolated, limit, over voltage protection on the main 5V output,
independently adjustable outputs. The main output is remote programming terminals for margin testing and
rated at 4.75V to 5.25V at 3A. Two others each range  much more. Write for complete details or contact your
from 4.75V at 0.38A to 12.6V at 0.6A. Other standard nearby HP field sales office.

HEWLETT .h& PACKARD

paet r
1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800, Atlanta (404) 434-4000, Los Angeles (213) 877-1282 21701
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Low-cost logic analyzers
aim to fill more needs

As prices for logic-state and logic-
timing analyzers fall, digital test tech-
niques using these analyzers are filter-
ing down from research and design labs
to production floors, out into the field,
and even to the hobbyist. In fact, the
latest logic analyzers are so inex-
pensive that engineers may no longer
have to share a lab’s single analyzer.

“Each digital-circuit designer can
have a logic analyzer,” says Dave
Blecki, marketing vice-president at
Biomation Corp., “just like he has his
own oscilloscope.” The Cupertino, CA,
firm’s latest logic-timing analyzer, the
Model 920-D, is priced at $1295—about
the same as a high-quality scope like
the Tektronix 465. Biomation’s older
models are 10 times more expensive.

Hewlett-Packard Co., too, has in-
troduced a low-cost logic analyzer, the
Model 1602A. Priced at $1800, the HP
logic-state analyzer is aimed at
production-line and field-service test-
ing, says Bruce Farly, product plan-
ning manager for digital products at
HP’s Colorado Springs division.

An even less expensive analyzer,
from Paratronies Inc., San Jose, CA,
is the $429 Model 150. Available for
$349 in kit form, the 150 has a single
card that plugs into the S-100 small-
computer bus and monitors 64 of the
bus’s lines. The S-100 bus lines
monitored include data in, data out,
address, status, control, and inter-
rupts, with an additional eight user-
selected lines.

“It’s an easy way to look at the bus,”
says Ira Spector, Paratronics presi-
dent. What’s more, “Sophisticated
logic-analyzer functions can now be an
integral, resident part of a mainframe
computer system.” A small control pod
connected to the analyzer through a
ribbon cable allows the operator to set
the 150’s triggering, display for-
matting, and operational modes. A
coaxial cable brings signals from the
analyzer to an oscilloscope.

Data on the scope screen can be in
octal or hexadecimal format, with 16

<« CIRCLE NUMBER 13

A low-cost bit-grabber, Paratronics’
Model 150 plugs into an S-100 com-
puter bus.

eight-bit data words grouped in threes
or fours.

The Model 150 can be triggered to
store data by the 16 bus-address lines
or by eight input-data lines, or both for
a 24-bit trigger word. The clock can be
external or taken directly from the
S-100 bus. Data collection rate is up to
8 megabytes/s.

HP’s Model 1602A, controlled by an
F8 microprocessor, has a memory 16
bits wide and 64 words deep. It auto-
matically tests itself every time power
is turned on, and has an optional
IEEE-488 interface.

Setting the 1602A is simplified by
the F8—a feature necessary for field-
service applications. Pushbuttons se-
lect logic polarity and clock-pulse
polarity, and set the display to hex,
decimal, octal or binary. A trigger
word is selected, and a delay of any-
where from 0 to 65,535 clock intervals
before data trace can be specified.

A clip-on probe set plugs into an edge
connector on the 1602A probe. The
connector mates with similar connec-
tors at test points on new equipment
—which simplifies point-to-point prob-
ing.

Biomation’s 920-D is a 20-MHz logic-
timing analyzer that has eight chan-
nels plus a ninth input that can serve
as either an extra signal input or as a
trigger marker and qualifier. Besides

the eight combinational trigger and
qualifier switches, an extra switch
works with the auxiliary input. Delay
can be by events or by as many as 9990
periods.

The 17-Ib 920-D has a latch input
mode that can capture narrow pulses
or glitches as short as 10 ns.

For Biomation Circle No. 316
For Hewlett-Packard Circle No. 317
For Paratronics Circle No. 318

Plastic-cased PROM
matches EPROM for less

A PROM housed in an expensive
plastic package not only costs less than
half as much as a 2708 EPROM, but
can fit into every socket that uses a
2708.

There is one catch. Unlike the 2708
EPROM, the MCM2708P from Motor-
ola, Austin, TX, can’t be repro-
grammed. The opaque plastic housing
prevents UV light from erasing the
memory contents.

However, in many cases, a 2708
EPROM isn’t reprogrammed anyway.
Normally used to hold a program dur-
ing its development, the EPROM is
often left in a final product until the
designer can replace it with a less
expensive, mask-programmed ROM.
And the designer may have to wait
anywhere from four to 12 weeks for it.

But with the MCMZ2708P, there is no
wait. The chip slips right into a 2708
EPROM socket, programs just like a
2708 EPROM, and matches its per-
formance. The Motorola chip accesses
in 450 ns and dissipates 600 mW.

When purchased in 100-gty lots, the
MCMZ2708P is expected to go for less
than $10.

CIRCLE NO. 319

Yak it up long-distance
—but watch the charges

Dial a number—any number—in the
U.S. or Canada, and a uP-based tele-
phone system, the Extension I, knows
the current long-distance rates. Even
as you talk, a LED display shows you
how much the call is costing. (An
audible “beep” warns you six seconds
before you incur the next cost incre-
ment.) When you hang up, you get a
hard-copy record of the call, including
the number you called, how long you
spoke, and exactly how much you owe.

But what happens when telephone
rates change? A master computer sim-
ply feeds new tariff data to the
computer-phone over WATS lines.
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The Extension I designed by Tele-
neutronics of San Jose, CA, is a 7-lb,
11 X 17-in. desk telephone that looks
like a standard Call Director. But the
similarity ends right there. The Ex-
tension I uses a Motorola 6800 uP, a
6-kbit memory, four keyboards and a
thermal printer for both accounting
and nonaccounting jobs. Tap in a
three-letter code and the computer tele-
phone will dial one of 100 commonly
dialed numbers of your choosing. Used
as an event timer for meetings and
incoming calls, the Extension I will add
the charges onto clients’ monthly to-
tals.

This 10-line business-phone system
also has a five-function calculator and
an appointment-calendar system, both
with printouts. An alphanumeric “typ-
ing” keyboard lets you add notations
into the printed reports.

But even with these many conve-
nience features, plus the ability to call
you half an hour early to remind you
of key appointments, the main reason
for developing the Extension I was to
attack cost-control problems.

Dwight R. Nunes, now president of
Teleneutronics, was running a chemi-
cal brokerage firm, and helplessly
watching his phone bill hit $3000 a
month. “I had no control over the
charges, and that’s when I went to
work on this idea,” he recalls.

Scheduled for September deliveries,
the $1995 Extension I only handles
calls to specific area codes, but permits
exceptions for certain allowed num-
bers. However, the telephone won’t
work at all unless you first “unlock”
it by identifying yourself with a special
code. If Extension I is accidentally or
illicitly unplugged from the computer-
telephone network, it sounds an alarm
and “locks” itself so that no calls can
be made.

High density tape head
reads data at 240 Mbit/s

A 240-million-bit-per-second digital
tape recorder features three times the
data rate of available units. Demon-
strated by RCA’s Government Record-
ing Systems, Camden, NJ, and under
development for 5 years, the recorder
uses two new high-performance 70-
track-per-inch magnetic heads to pro-
duce a packing density greater than
1.5-million bits per square inch. Two
inch magnetic tape is used.

Dubbed HDMR, for high density
multitrack recording, it is the first
digital tape recorder device to handle

20

data at such a high rate by itself.
According to Charles Horton, manager
of government Recording Systems,
prior to HDMR, rates in excess of 100-
million bits per second could only be
handled by using several synchronized
tape transports.

Unlike other magnetic head as-
semblies that are individually fabri-
cated, the HDMR’s head assembly is
one long unit cut into individual heads.
This construction raises the limit of
track density from under 50 tracks/in.
to 70 tracks/in. Work is under way to
increase the density to 100 tracks/in.

The HDMR will make possible the
real-time, direct, digital recording of
signals from wideband sensors. Such
a recorder will be needed by the Space
Shuttle and for recording data from
future satellite-borne earth-sensing
equipment.

Home computer spells out
errors in plain English

The latest entry in the personal com-
puter market—Pecos 1016—uses an
extension of JOSS language to make it
easier for the user to spot his own
errors.

JOSS, developed by the Rand Corp.,
is similar to BASIC but has a superior
plain-language error commentary, ac-
cording to Ken Boilen, chief engineer
for APF Electronics, New York, which
developed the personal computer. For
example, if the user inadvertently tries
to divide a number by zero, Pecos will
say, “I have a zero divisor.”

The Pecos, which will be initially
supplied with a 9-in. CRT monitor, is
based on MOS Technology’s 6502, 8-bit
microprocessor. A later model will be
able to use a home TV screen the way
video games do.

The computer has a keyboard similar
to a typewriter, plus additional keys to
simplify communication with the
Pecos. To request action or input in-
formation, a user types in simple En-
glish sentences with up to 80 characters
per sentence. The output is up to 40
characters per line, with up to 16 lines
at a time. Moreover, when the screen
is filled, Pecos can scroll. That is, it
shifts the top line off of the screen and
adds a new one on the bottom.

There are two main computer memo-
ries, one holding 16-k 8-bit bytes of
dynamic RAM, the other a 14-k
operating-system ROM. Two 30-min.
tape cassettes handle programs that
exceed the internal-memory storage.
These decks can store 1000 lines of

commands at 80 characters per line—
a maximum of 80,000 bytes.

Once the tapes are engaged, the oper-
ator can tell Pecos to read or write. The
computer then takes control. An ad-
dress track on each tape tells the com-
puter where to find specific data. In
addition, information on one tape can
be transferred to the other.

The Pecos can process arithmetical,
logical and textural strings. It has a
floating-point-arithmetic capability of
nine digits with a calculations range of
10-% through 10%.

The keyboard is full ASCII, with
both upper and lower case letters. An
RS-232 output is provided for the Pecos
printer, which can be operated at 110,
150, 300 or 1200 baunds.

Deliveries start in December. Price
is projected to be between $1000 and
$1500.

MOSFET-type IC detects
smoke, measures humidity

An IC device can detect smoke or
measure humidity by combining thin
films of special polymers—similar to
plastic—with the structure of a so-
called “charge-flow transistor.” The
transistor resembles a MOSFET, but
with a portion of a MOSFET’s metallic
gate structure replaced by the polymer
film.

The detector and the circuitry neces-
sary to operate it can be put on a chip
0.05 in. square, according to its inven-
tor, Dr. Stephen D. Senturia, associate
professor of electrical engineering at
MIT.

The humidity and smoke-sensitive
polymers are just two of many polymer
materials developed by Senturia to
respond to the pressure of microscopic
particles in the air. As a matter of fact,
Senturia adds, “We hope to find other
polymers that will respond to a number
of hazardous gases and pollutants.”

The sensor is fabricated with the
standard four-mask process for p-
channel MOSFETs. Depositing the
polymer film is the final step. A change
in sheet resistance of the film is the
key to device operation.

The charge transistor was developed
with the support of the National Aero-
nautics and Space Administration.
“We are now finding that the charge-
flow transistor is an excellent tool for
studying the properties of thin films,”
says Senturia. “Our current experi-
ments are aimed at developing a theory
to explain the behavior of thin films.”
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What’s in a Number ?

For over a decade Military Specifications
have been written around Semtech E.l.A.
registered medium power rectifiers.

MIL/NASA

QUALIFIED

RECTIFERS

WE HELPED WRITE THE "BOOK'!

MIL-S-19500/240D

JAN, JANTX, JANTXV 1N645*-1
JAN, JANTX, JANTXV 1N647*-1
JAN, JANTX, JANTXV 1N649*-1

MIL-S-19500/279C (NAVY)
Many suppliers can provide parts with the jﬁm' jﬁmi 13323‘%
same JAN, JANTX or JANTXV label. Although JAN. JANTX 1N3646*
these devices may comply with the JAN, JANTX IN3647*
MIL-S-19500/286C

appropriate military specification, there can be
significant differences in the design and
manufacture that may affect the reliability;
such as, different lead materials, pin materials,
body materials, junction types and junction
areas. Devices of one manufacturer are not
necessarily the same as those of another,
even though they are labeled with the

same part number.

Semtech Corporation is one of the few
manufacturers in the industry that has its own
government approved Qualification Test
Facilities equipped to perform tests that meet
the requirements of Military and Space
programs. A NASA approved Radiographic
Inspection (X-Ray) facility rounds out the total
capability of Semtech’s environmental and

test facilities.

We have earned the confidence
of the Military establishment by
supplying reliable devices to
government specifications

throughout our history.

JAN, JANTX, JANTXV 1N4245
JAN, JANTX, JANTXV 1N4246
JAN, JANTX, JANTXV 1N4247
JAN, JANTX, JANTXV 1N4248
JAN, JANTX, JANTXV 1N4249
MIL-S-19500/359B

JAN, JANTX, JANTXV 1N4942
JAN, JANTX, JANTXV 1N4944
JAN, JANTX, JANTXV 1N4946
JAN, JANTX, JANTXV 1N4947
JAN, JANTX, JANTXV 1N4948
MIL-S-19500/411C

JAN, JANTX, JANTXV 1N5415
JAN, JANTX, JANTXV 1N5416
JAN, JANTX, JANTXV 1N5417
JAN, JANTX, JANTXV 1N5418
JAN, JANTX, JANTXV 1N5419
MIL-S-19500/420A

JAN, JANTX, JANTXV 1N5550
JAN, JANTX, JANTXV 1N5551
JAN, JANTX, JANTXV 1N5552
JAN, JANTX, JANTXV IN5553
JAN, JANTX, JANTXV 1IN5554
MIL-S-19500/4278

JAN, JANTX, JANTXV 1N5614
JAN, JANTX, JANTXV 1N5616
JAN, JANTX, JANTXV 1N5618
JAN, JANTX, JANTXV 1N5620
JAN, JANTX, JANTXV 1N5622
MIL-S-19500/4298

JAN, JANTX, JANTXV 1N5615
JAN, JANTX, JANTXV IN5617
JAN, JANTX, JANTXV 1N5619
JAN, JANTX, JANTXV 1N5621
JAN, JANTX, JANTXV 1N5623

“Not ELA. registered by c

CIRCLE NUMBER 14
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MIL-S-19500/484(EL)

JAN, JANTX 1N5835
JAN, JANTX 1N5836
MIL-S-19500/503(EL)

JAN, JANTX, JANTXV 1N6073
JAN, JANTX. JANTXV 1N6074
JAN, JANTX, JANTXV 1N6075
JAN, JANTX, JANTXV 1N6076
JAN, JANTX, JANTXV 1N6077
JAN, JANTX, JANTXV 1N6078
JAN, JANTX, JANTXV 1N6079
JAN, JANTX, JANTXV 1N6080
JAN, JANTX, JANTXV 1N6081

NEW! Transient Voltage Suppressors

MIL-S-19500/516(EL)

JAN, JANTX, JANTXV 1N6102 thru 1N6137
JAN, JANTX, JANTXV 1N6102A thru IN6137A
JAN, JANTX, JANTXV 1N6138 thru 1IN6173
JAN, JANTX, JANTXV 1N6138A thru IN6173A

NASA (MSFC) Approvals
85M01645 (NASA) STN645S & STIN649S

85M03895 (NASA) STN4245-1, SIN4247-1, SIN4249-1,
S1N4942-1, SIN4946-1 & S1N4948-1

85M03896 (NASA) S1N5199, SIN5201, SIN5417-1 &
S1N5419-1

RELIABILITY COSTS LESS !

1975 NATIONAL SBA SUBCONTRACTOR OF THE YEAR

SEMTECH
CORPORATION

652 Mitchell Road, Newbury Park, California 91320

(805) 498-2111 @ (213) 628-5392 @ TWX: 910-336-1264
CHICAGO: (312) 352-3227 e DALLAS: (214) 234-6523

FLORIDA: (305) 644-5404 « MARYLAND: (301) 937-0070

NEW JERSEY: (201) 654-4884 @ SAN FRANCISCO: (415) 494-0113
EUROPEAN SALES: Bourns AG Zug, Switzerland (042) 232-242
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GENSORED

unless you
wantl ﬁﬂ knﬂw If it were made into a movie,

itwould probably be rated

inti Q—thatis to say,
B mns In Ima e suitable only for mature,

. responsible adults
deﬁalls annun interested in high quality
fasteners. Butit’'s a
Reference Guide on the
ﬁnpeaﬂed subject. Look into it. You
might be shocked by the

savings you could make
as eneps and the extensive line

of fasteners we make.

Send for a copy for
your own business library.

Q
(o] [T

THREADED FASTENERS, INC.

3550 West Pratt Avenue
Chicago, lllinois 60645
(312) 583-5300
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This is what the
designer sees.

A REPLACEABLE LAMP LIGHTED PUSH BUTTON SWITCH

10400/10410

10420 Series
DESCRIPTION

Molex has introduced a new
U.L. listed replaceable bulb/
lens lighted push button
switch family. The buttons may
be molded in an assortment of colors
and shapes to enhance the appearance
of your assembled unit. Switch
actions include SPST, SPDT, DPST,
and DPDT with momentary or
alternate action. Applications include
office machines, appliances, computers
and the home entertainment field.
FEATURES
50,000 minimum life cycle. In
addition to the 10.1 AMP rating,
the entire series offers reliable
switching action at low levels
(100 milli-amps at 30 volts), and
a replaceable T 1 3/4 bulb in all but
the 125 Neon version.

Molex offers a wide variety of
button colors, bezels, and legends as

well as a square or pyramidal
shaped lens. Recommended
panel cutout dimensions include
an .875 x .875(10410 and 10420)
and .875 x 1.050 (10400 versions)
which are compatible with most
comparable switches presently
available today. The 10400 with
integrally molded mounting ears
will accommodate a panel thickness
from .030 to .093, while the 10410
and 10420 versions offer a front
removable feature from .030 to
.125 thick panels. Spade terminals
are .02 x .19 x .30 length.

FOR “UNDER A BUCK"”

The Molex product is designed as a
reliable, low cost unit with features
usually found only on expensive
switches. In 5M quantities SPST
are 99¢ each (including bulb). An
example of Molex ““affordable technology"'.

10400 Rectangular bezel
w/molded mounting
ears

10410 Rectangular bezel
w/spring clip mounting

10420 Square bezel w/spring
clip mounting

Patent Pending

et SERVICE

Bulb Holder

P ey Molex has a nation-
A )% wide network of
2 Y representatives and authorized distributors
< St 10420 Exploded View to handle your off-the-shelf and large quantity
S orders. Field engineers are at your service to solve
o your tooling problems.
¥ LITERATURE
For your FREE 16-page Switch Catalog including
photos, line drawings and specifications of the Molex
line, call (312) 969-4550; or write Molex Incorporated,

m olex 2222 Wellington Court, Lisle, IL 60532.

\/ . . . Affordable Technology

CIRCLE NUMBER 16
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NEG IS BULLISH ON

1. WE'RE THE COMPANY WITH ALL FOUR KINDS.

Now with the introduction of these four new families, we're the company with
every kind of dynamic RAM you could need:
The uPD414 Series — 4K, 16-pin, 200-350ns.
The uPD418 Series — 4K, 18-pin, 150-300ns.
The uPD411A Series — 4K, 22-pin, 200-350ns.
The uPD416 Series — 16K, 16-pin, 150-300ns.

2. WE GIVE YOU A *10% OPERATING MARGIN.

In all four families. Compare that with other people’s margins of =5%.
Imagine the manufacturing care that takes. And the added flexibility you get.

3. WE DESIGN THEM TO USE LESS POWER.

Our xPD414’s and 416’s have as low a power dissipation as any comparable
product in the industry.

And our uPD418’s and 411A’s actually use less power than any other
standard 18- or 22-pin 4K RAMs on the market. In fact, our 18-pin
uses 60% less power.

And with this kind of power dissipation,we can offer all our RAMs
in plastic, as well as cerdip, packages.

4. WE'LL EVEN PUT THEM BT 0173

0" A BUAHII. If you want any of our ::; N

products on a board, we’ll gladly design and o, 5;:'\ Wh

build it for you. However you like. In whatever # ’ \\\. B RV
ANk e
w9 i/

quantity you need. JTAN
So next time you're in the market for AN
dynamic RAMs, why not contact one of our o
reps or distributors. Theyve got everything
you need. And that’s no bull.
NEC Microcomputers, Inc., Five Militia Dr.
Lexington, MA 02173, 617-862-6410.

NEC MiCrocomputers, ine.

REPS: East— C&D Sales 301-296-4306, Contact Sales 617-273-1520, Harry Nash Assoc. 215-657-2213, Tech-Mark 607-748-7473, 716-223-1252.
315-652-6229, Trionic Assoc. 516-466-2300; South— Perrott Assoc. 305-792-2211, 813-585-3327, 305-275-1132, Wolffs Sales Serv. Co.
919-781-0164; Midwest — Electronic Innovators 612-884-7471, W. Pat Fralia Co. 817-640-9101, 817-649-8981, 713-772-1572, K-MAR Eng. & Sales
816-763-5385, R.C. Nordstrom & Co. 9-7373. 616-429-8560, Technology Sales 312-438-3300; West —Mike Duffy Assoc. 303-934-7392,
Electronic Component Marketing 714-524-9899, 213-649-5374, Spedden Assoc. 714-295-6122, Summit Sales 602-994-4587, Trident Assoc.
408-734-5900, Tri Tronix 206-232-4993, 505-265-8409; Canada— R.F.Q. Ltd. 416-626-1445, 514-626-8324.

DISTRIBUTORS: Century Electronics (Albuquerque, Salt Lake City, Wheatridge CO), Diplomat (Chicopee Falls MA, Clearwater FL, Elk Grove Village

IL, Farmington MI, Minneapolis, Mt. Laurel N], Salt Lake City, St. Louis, Sunnyvale, Totowa NJ, Woodbury NY), Future Electronics (Montreal, Ottawa,
Rexdale, Canada), Harvey Electronics (Fairfield NJ, Lexington MA, Norwalk CT, Woodbury NY), Intermark Electronics (San Diego, Santa Ana, Sunnyvale),
Lionex (Burlington MA), G.S. Marshall (Sunnyvale), Mirco Electronics (Phoenix), Resco (Raleigh), R-M Electronic (Kentwood MI, Madison Hgts MI), Semicomp VR
(Newport Beach CA), Semiconductor Specialists (Burlington MA, Chicago, Dallas, Dayton, Farmington MI, Hazelwood MO, Indianapolis, Kansas City, Milwaukee, %
Minneapolis, Pittsburgh, St. Louis; Malton Canada), Sterling Electronics (Albuquerque, Dallas, Houston, New Orleans, Phoenix, San Diego, Seattle, Sun Valley CA,
Watertown MA), Technico (Columbia MD, Roanoke VA), Zeus Components (Elmsford NY). .
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No other conformal coating
can make this statement.

Dow Corning 3140 RTV silicone coating is the only conformal coating that has UL
recognition to 180-€and also meets the requirements of Mil Spec MIL-1-45608. But, there/s more.

Dow Corning 3140 silicone coating stands up to the toughest environments. It is a
one-part coating that is non-corrosive to copper.and other sensitive materials. Its high tear strength
allows you to use it anywhere you need good shock insulation. Dielectric properties are excellent.
3140 really performs when the heat is on. As we said, it’s UL-listed to 180 C.

Dow Corning 3140 is fast and easy to apply or repair. You can brush, dip, flow coat or
spray it on at room temperature. It goes on clear, so you can easily identify coated components.
It can be handled in 24 hours or less, and a little goes a long way.

If you have an application that requires proven durability, toughness and resistance

to heat and corrosion, you just can’t afford less.
Decide for yourself. Write for literature and a how-to- DOW CORIVIN G
apply brochure to Dow Corning Corporation, Dept. A7-512, Midland, [

Michigan 48640.
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Intel delivers PDP-11 memory
for peopie who can't afford to wait.

When you're in a hurry for more semiconductor
memory for your PDP-11, call Intel. We deliver
memory for the full PDP-11 line. And because
we're the largest manufacturer of semiconductor
memory in the world, delivery is when you
want it.

Why wait? Since you've chosen the leader to
supply your minicomputer, it makes sense to go
to the leader for memory, too. That’s us.

Intel memory systems save you more than
time. Our in-1670 add-on memory for the
PDP-11/70 is one example. It gives you four
times the capacity in the same frame compared
to the DEC MJ11-A core memory. And built in
Error Correction Code (ECC) and Error Logging
improve up-time and reduce maintenance time by
automatically correcting and recording single-bit
failures and detecting and recording double-
bit errors.

Intel Memory Systems
1302 N. Mathilda Avenue
Sunnyvale, California 94086

[0 Please call me at i

I can’t wait! Must have delivery in [0 5 Days [130 Days [0 _____ Days

For PDP-11 add-in memory go with our
in-4711 plug in boards. You'll get memory that’s
even faster than DEC’s. 16K words per hex-wide
board. With or without parity. To further expand
PDP-11 memory and reduce UNIBUS™ loading
choose our in-4011 add-on. With memory man-
agement you can expand to 128K words in 16K
increments. And since the in-4011 requires only
one UNIBUS load, you get added system
flexibility.

Get more memory for your LSI-11 and
PDP-11/03 in less space with our in-1611 add-in
memory. You get up to 32K words, in 8K
increments, on a single, two-wide, board. That’s
up to eight times the memory you get with a
DEC board.

When you can'’t afford to wait call us at
800-538-8476. In California and Canada, call
408-734-8102, x575. We'll save you time, and
much more.

intgl delivers.

Ext.

following:

O LSI-11, PDP-11/03
O PDP-11/04

O PDP-11/05

O PDP-11/34
O PDP-11/35

Name/Title

[J Please send me information on semiconductor memory for the

O PDP-11/40
O PDP-11/45
O PDP-11/55
O PDP-11/70

Mail Station

Company
Address

City/State/Zip

E S e A B B e B L

UNIBUS is a trademark of Digital Equipment Corp. Maynard, Mass.
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News

New York’s blackout: Too many
questions, not enough answers

Was it an “act of God”? Or was it
“gross negligence” on the part of Con-
solidated Edison Co., New York’s elec-
tric-utility company, that left sections
of the city without power for as long
as 25 hours? Could better protective
circuitry on the company’s power lines
have prevented the disaster? Or did the
protective circuits installed in response
to the last Great Blackout, in 1965,
actually contribute to this year’s out-
age?

In 1965, a failure at a distribution
center near Buffalo knocked out utili-
ties one by one across the northeast.
Some large generators were damaged
as they tried to keep power flowing.

To prevent a recurrence, automatic
disconnect relays were installed be-
tween utilities, so that a severe drain
in one would not drag others along. In
addition, Con Ed added power lines
north of New York City so that no one
line would have to carry the whole
burden. Additional relays were put
in to disconnect overloaded generators
from the system.

Even with these safeguards, Con Ed
went down. Though the problem was
limited to Con Ed, and no damage was
done to any of Con Ed’s generators, the
precautions designed to prevent a
blackout failed. New York City went
dark again.

The city, whose mayor, Abraham
Beame, considers Con Ed negligent,
will investigate. Con Ed, whose chair-
man Charles Luce, blames God, will
investigate. So will New York State’s
Public Utilities Commission and the
Federal Power Commission. But all
that’s really known right now is that
9-million people in the six counties
served by Con Ed were unplugged at
about 9:35 p.m. on July 13, and that
service to some of Con Ed’s customers

Andy Santoni
Associate Editor

28

NEW YORK

=== OVERMEAD LINES
=== UNDERGROUND LINES
O TRANSMISSION STATION

NEW JERSEY

Power problems cascaded from the
north as Consolidated Edison Co. of
New York lost power from Indian
Point, then the tie lines to upstate
sources. Tie lines to New Jersey and
Long Island overloaded and cut out,
leaving the burden on Con Ed’s major
power plants in Queens.

wasn’t restored until 10:30 the follow-
ing night.

Lightning strikes

Trouble actually started at about
8:30 p.m., when a severe thunderstorm
passed through Westchester county,
north of New York. Lightning ap-
parently struck two 345-kV trans-
mission lines near a substation at Bu-
chanan, NY (see map). Without the

substation, 900 MW then being sup-
plied by the Power Authority of New
York’s nuclear power plant at Indian
Point—Indian Point 3—were discon-
nected from the rest of the power grid.
Indian Point 2, which is owned by Con
Ed, was out of service for repairs, and
the obsolete Indian Point 1 has been
shut down for years.

According to Arthur Hauspurg,
president of Con Ed, the loss of the
Indian Point generators was easily
made up by drawing more power from
upstate New York and Canadian
sources. Of the 5800-MW demand on
Con Ed at the time, half—2900 MW
—was already being drawn from out-
side sources.

Con Ed is required by New York
State law to deliver power to its cus-
tomers at the lowest possible cost,
explains Luce. And it is less expensive
to buy power from outside sources than
to generate it within New York City.

When power-line problems occur, an
operator at Con Ed’s energy control
center on the west side of Manhattan
begins switching in alternate sources
of power and planning for the possi-
bility of further losses. The control
center, built in 1962, employs 100 tech-
nicians to monitor and supervise power
generation and transmission through
Con Ed’s network of 325 substations.

At the control center, six system
operators, one on duty at all times,
forecast the expected load for each day
based on weather reports and his-
torical demands. The operator in-
terfaces with Con Ed’s control com-
puter through a CRT terminal on
which information from every substa-
tion can be displayed. Visible and
audible alarms warn of problems, and
a row of seven switches cuts off power
to sections of the Con Ed service area
when the demand for electricity ex-
ceeds the supply.

With part of Con Ed’s capacity out

ELECTRONIC DESIGN 17, August 16, 1977



The only Double-Balanced

with a 2-YEAR GUARANT
featuring HiRel tested diodes; ‘

Introduced in 1971 at $7.95...
still only

$7 95

(500 pieces)
$9.95 (1-49)

*including diodes! v

Yes, atwo-year guarantee for hermetically sealed
DBM'’s is now a reality . . . made possible by an
accelerated life diode screening program adopted
at Mini-Circuits.

Each Schottky diode used in Mini-Circuits’
SRA-1 mixers is now preconditioned by the HTRB
(High Temperature Reverse Bias) technique, pre-
viously reserved almost exclusively for semicon-
ductors assigned to space applications. With
HTRB testing, each diode is operated for 168 hours

To earn your continuing support, we are now
employing HTRB Hi-Rel testing for every diode
used in the SRA-1, at no increase in cost to you.
So, for the same low price of $7.95, you can
purchase our SRA-1, with a two-year guarantee,
including diodes.

To ensure highest system reliability demand
highest quality diodes on your source-control
drawings and purchase orders. Specify SRA-1
mixers, with HTRB tested diodes from Mini- Cir-

at 150°C with one volt reverse bias applied. cuits!.. where low price now goes hand-in-hand

To screen out “infant mortality”, the diodes are with uhmeicted guanty:

deliberately stressed to accelerate aging and to
force time-related failure modes to take their toll.
In conventional testing or “‘baking”, the diode does

not experience anywhere near the stress encoun- MODEL SRA-1
tered with the HTRB program. Hence, the ability e e o e b R
at Mini-Circuits’ to locate the potentially-unreliable bk b i T e
diodes before they are assembled into SRA-1 units Total range < S
And.,_wnh double-balanced mixers, the overall re: Isolation (dB) Typ.  Min.
liability hinges almost entirely on the diodes used. Lower band edge to LORF 50 45
one decade higher LO-IF 45 35
Yes, the HTRB procedure costs us more and Mid range LO-RF 45 30

screens out more devices. But our goal is to e e R
improve reliability to a level unmatched for off-the- Uppe Sandscet to o
shelf DBM’s at no increase in cost to our cus- Min. Electronic attenuation (20 mA) 3 dB
tomers. You — our customers by your overwhelm- Signal, 1 dB compression level + 1 dBm

ing confidence in our product line have made us Impedance all ports 50 ohms

the number one supplier of DBM'’s in the world. :

WE’VE GROWN

Customer acceptance of our products has been so overwhelming,
we've been forced to move to larger facilities — THANKS.

Rep. : O AFRICA: Afitra (PTY) Ltd P O Box9813.Johannesburg 2000. S
Africa. O AUSTRALIA: General Electronic Services, 99 Alexander Street. New South Wales
Australia 2065 O ENGLAND: Dale Electronics. Dale House. Wharf Road Frimley Green
Camberley Surrey O EASTERN CANADA: B D Hummel. 2224 Maynard Avenue Utica. NY 13502
(315) 7367821. 0 FRANCE: SCIE - DIME S 31 Rue George - Sand 91120 Palaiseau
France. 0 GERMANY, AUSTRIA, SWITZERLAND: Industrial Electronics GMBH 6000 Frankfurt
Main Kluberstrasse 14 West Germany [ INDIA: Gaekwar Enterprise. Kama Mahal. M L 2
Dananukar Marg. Bombay 400 026, India. O ISRAEL: Vectronics. Ltd . 69 Gordon Street. Tel-Aviy, =N b h
Israel. O NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex Veldweg Il. Hattem Holland “259 W 2625 EAST 14th STREET
O NORWAY: Datamatik AS, Ostensjoveien 62, Oslo 6. Norway [0 SINGAPORE & MALAYSIA: \%) \S-
Electronics Trading Co (PTE) Ltd . 87 Bukit Timah Road. Singapore 9. Malay Peninsula ““eﬂopfg_ﬂo /,/ BROOKLYN, NEW YORK 11235
O SWEDEN: Integerad Electronik AB, Box 43, S-18251. Djursholm. Sweden —
e . , ' _ Tt gt (212) 769:0200

.S. Distributors: 0 NORTHERN CALIFORNIA: Cain-White Co. Foothill Office Center 105 1\ B%__-

Fremont Avenue. Los Altos. CA 94022 (415) 948-6533 [0 SOUTHERN CALIFORNIA. ARIZONA:
Crown Electronics. 11440 Collins Street. No Hollywood. CA 91601 (213) 877-3550

World's largest supplier of Double-Balanced Mixers

[ Mini-Circuits

MINI-CIRCUITS LABORATORY

DOMESTIC TLX 125460 * INTERNATIONAL TELEX 620156
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Ed's Energy Control Center.

of service, the operator began increas-
ing power generated within the sys-
tem. About 1000 MW are available
from other Con Ed plants by computer
command or telephone instructions to
plant crews.

Suddenly, at 8:56, two more trans-
mission lines went out—also apparent-
ly struck by lightning. These lines, just
east of Buchanan, carry power from
the northeast power-sharing grid. So
now only one line was still connected
to the north. Smaller ties were still
connecting Con Ed to the Long Island
Lighting Co., east of the city, and to
Public Service Electric and Gas Co., in
New Jersey.

Outside power drawn

Before lightning struck, 250 MW of
power was actually flowing from Con
Ed to Long Island via the LILCO tie
line. But with Indian Point and the
lines to the north out of service, Con
Ed began drawing power from LILCO,
as well as PSE&G.

To protect its system, Con Ed
dropped voltage first by 5%, then by
8%, and disconnected power from
Mount Vernon and Elmsford in West-
chester county. That cut the load on
Con Ed to between 5000 and 5500 MW.

But at 9:19, for a still-unknown rea-
son, the third and last line to the
northeast power grid was lost. This left
Con Ed with its own capacity and the
two smaller tie lines: LILCO could
supply about 300 MW and PSE&G
between 400 and 500 MW. But the
combined demand from these two lines
was at least 1100 MW, and surged to
as much as 2500 MW.

One minute later, the LILCO tie line
tripped out—a protective measure de-
veloped after the 1965 blackout. Circuit
breakers prevented the “domino” effect
from reaching outside Con Ed’s service

area.
Phase-angle regulators sense chang-

es in line frequency quickly, and as

30
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Technicians monitor and control power flow through 325 substations form Con

power demand exceeds supply and gen-
erators slow, power-line frequency be-
gins to change. Thus, the tie to PSE&G
disconnected at 9:30 to prevent that
utility from joining Con Ed in
darkness.

Now Con Ed was left with about
3000 MW of its own generating capacit-
ty, and a demand still around 5000
MW. Line frequency dropped to less
than 59 Hz, from its normal 60 Hz, and
lights began to dim throughout the
service area. :

Another feature of the protective
system developed after the 1965 black-
out is the ability of Con Ed to drop
sections of its service area. The seven
load-shedding switches in the Con Ed
energy-control center can cut off up to
50% of the load, according to chairman
Luce. But the manually operated
switches were not thrown in time—
perhaps because operators thought al-
ternatives were still available.

Most of Con Ed’s power had been
coming from its Ravenswood 3 plant,
popularly known as “Big Allis” after
its manufacturer, Allis Chalmers.
Without sufficient load shedding,
Ravenswood 3 couldn’t supply enough
power. As line frequency changed, says
Hauspurg, “controls regulating the
voltage began to have difficulty follow-
ing the swing. The machines became
unstable.”

To protect itself from overload dam-
age, Ravenswood 3 automatically dis-
connected itself from the Con Ed sys-
tem. Protection had been installed af-
ter the 1965 blackout to prevent a
recurrence of the damage sustained by
the generator when its oil pumps lost
power, and a loss of lubrication de-
stroyed the machine’s bearings and
windings.

The Ravenswood 3 relays had oper-
ated before another protective series of
relays, installed after the 1965 black-
out, could shed load automatically. The
phase-sensing relays did not trip be-
cause the line frequency did not change

enough before Ravenswood 3 cut out.

Without “Big Allis,” Con Ed’s other
generators shut down. Total failure
struck at 9:34.

In the hour between the first sign of
trouble and the loss of Big Allis, not
enough of Con Ed’s standby generating
capacity could be brought up to handle
the load. The next day, after power had
been restored, Con Ed began staffing
its standby plants around the clock, to
speed turn-on when necessary. One
suggestion made—an expensive one—
was to keep standby generators spin-
ning, even if they are delivering little
power. Otherwise, checking out the
generator, getting oil into its bearings,
and bringing it up to speed and in
synchronism with the rest of the power
grid could take an hour or more, as this
year’s blackout proved.

Trying to cope without power

In the city’s commercial centers,
computers without backup power went
off the air immediately. Those with
battery-based uninterruptible power
supplies shut down in a more orderly
fashion, first storing data in non-
volatile memories. A few sites, like the
Citicorp banking computer center, had
emergency generators and kept work-
ing with only an hour or two lost.

Computer-service crews raced
around the city—carefully, since traf-
fic lights were out—checking for dam-
age and preparing equipment for a
sudden surge of power and the voltage
spikes that are inevitable when air
conditioners, elevators, lights, and wa-
ter pumps all come on at once.

New York Telephone Co., which once
suffered from equipment shortages
that led to waiting minutes for a dial
tone, came through. Since almost all its
customers are served by battery-
backup power systems, even the un-
usual volume of emergency calls dur-
ing the blackout didn’t clog the system.

Power begins to return

To bring power back on without
surges that would simply knock the
system out again, Con Ed first had to
open breakers on feeder lines through-
out the city. Unlike virtually all other
utilities, Con Ed maintains most of its
lines underground. The lines are in-
sulated and cooled by oil, so each seg-
ment has to wait for oil pressure to
build up before coming on stream. As
capacity was brought up, sections of
the service area were cut in one at a
time, matching supply to demand. um
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LITTLE NUMBERS

Save time and money with SAE Strip-Pak™ rotary More reliability comes from total in-house

PCB switches. These snappy little numbers come  manufacture. SAE makes every part, inspects

in a wide range of output codes, every part, and controls every detail of assembly.

and are the most reliable PC board We use tighter tolerances and we

rotary switches you can buy. demand more precise registration of
The unique modular design of code discs and contacts. Every switch

Strip-Pak switches lets you snap is a work of art.

them together in strings. You can Preformed, heat-treated terminals

even mix output codes within the are made from 30 percent thicker stock,

same gang. And Strip-Pak switches can be placed and the glass filled polyester housing re-

individually, too, either horizontally or vertically, sists both moisture and solvents. The terminals are

any place on a board. completely sealed so you can wavesolder with-
Additional versatility is provided by a out flux wicking.

choice of three operating methods: by SAE makes a complete selection of

thumb pressure, with a screwdriver, or switches, including large thumbwheels, pro-

with an optional snap-in knob. grammable Bit™ switches and Strip-Pak
SAE Strip-Pak switches are every bit switches. Write or call us and ask for a

as tough as they are versatile. We use a catalog.

beryllium copper detent spring instead of We're Stanford Applied Engineering,

plastic teeth or gears, for an operatinglifetime of 340 Martin Avenue, Santa Clara, California

500,000 detents. And that’s a snappy big number. ~ 95050. 408/243-9200.

The OEM Connectlon
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News

Computer-graphic photo montage
simplifies land-use projects

A new computer-graphics technique
may make environmental reports eas-
ier to produce and may cut the costs
of landscape architecture.

A computer is used to draw oblique
pictures that represent landscape
changes. The resulting photo montage
will reduce the cost, time and subjec-
tivity of artists’ concepts.

Such a system has been developed
for the U.S. Department of Agriculture
by the Aerospace Corp., El Segundo,
CA. It is installed at the U.S. Forest
Service headquarters at Fort Collins,
CO, to evaluate the visual impact of
new fuel breaks—clear-cut strips de-
signed to contain forest fires in inac-
cessible areas.

The Environmental Protection
Agency (EPA) frequently demands en-
vironmental impact reports to il-
lustrate the visual aspects of land-use
projects such as refineries, man-made
lakes, mountain roads and ski roads.

It starts with a camera

The process begins with a photo of
the proposed site. A camera is posi-
tioned at a vantage point of concern,
say a picturesque bend in a distant
road.

Next, a U.S. geological-survey map
of the area with a resolution of 7-1/2
minutes is digitized along its contour
lines and fed to the computer.

“Up to 40,000 individual points on
the map can be digitized in one day,”
says Aerospace program manager Al
Stevenson. “And the process can cost
as little as $50.”

At least four ground-reference
points are selected to key the photo to
the map. Using these references, the
computer rotates the “bird’s eye” view
of the map down to coincide with the
camera’s more normal perspective.

Dick Hackmeister
Western Editor

32

Taking a picture of a lake that isn’t there yet is less costly than surveying,
more accurate than an artist’'s concept and quicker than building a model.
Photograph of actual site (top) is matched to a survey map of the area. The
map is digitized along its contour lines, software-rotated to the camera’s vantage
point and outputted to a pen plotter (middle). A photographic process super-
imposes the two into a montage; an artist adds color and texture (bottom).

For Burndy Corp. Insert Circle 246 P
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Burndy DIP sockets outg erform

eCcon

Forget everything you’ve ever known —or
thought you knew — about DIP sockets. And
especially about DIP socket costs.

Burndy’s new low-cost, high-reliability
GTH DIP sockets have changed everything for
the better. Now, for just pennies you can use
DIP sockets where you never dreamed of using
them before — to enhance your product without
pricing it out of the market.

And in most cases, using our DIP sockets adds
nothing to overall costs. It can even result in a
net cost reduction in many applications by
simplifying design. Speeding installation.

Laboratory Proof

TESTS CONDUCTED PER MII:-S-83734A(USAF)
REPORT NO. F7608-762 SUMMARY

TEST PERFORMED MIN. MAX.  AVG.
GROUP1 Burndy
Mating Force GTH Contacts
1bs./contact 0.600 | 0.730 | 0.643 Brand A Type 1
I'in Contacts
Contact Withdrawal Force Brand B
0z. w/.008" blade 2.500 8.100 4.940 I'in Contacts
Brand C
Insulation Resistance I'in Contacts
600 VAC for 1 min. 2x108 2x108 2x108 Brand D_Type 1
Gold Contacts
Contact Resistance 2.950 5.860 4.650 Brand E
I'in Contacts
GROUP 2 Brand F
Vibr. & Mech. Shock 5.050 5.930 5.420 Gold Contacts
Brand A Type 2
Durability (50 cycles 5.050 6.750 5.520 Tin Contacts
Brand C
GROUP 3 Gold Contacts
Insulation Resistance Brand G
5,000 megohms min. 2x108 2x108 2x108 Gold Contacts
Brand D Type 2
Ins. Res. after Moist. Res. Gold Contacts
5,000 megohms min. 2x108 2x10% 2x10¢ Brand G
Tin Contacts
GROUP 4 Brand E
Contact Resistance 5.200 6.350 5.545 Gold Contacts
; o = — Brand H
after Corrosive Atmos. 4.850 6.350 5.519 Tin Contacts

COMPARATIVE TEST DATA (Durability and Moisture)

proof!”

Improving quality control and reducing your
reject ratios.

In short, you enjoy all the advantages of IC
pluggability (field serviceability, simplified
design, faster installation, improved quality
control and fewer rejects) without sacrificing
reliability or adding significantly to costs. If you
think that's promising a lot—it is! And we’re \
ready to deliver on everything we promise. For
proof, use the convenient Quick Response Card. |
Or write: Burndy Corporation, Norwalk, ‘
Connecticut 06856. And see how fast we get
back to you.

Milliohms

5 10 15 20 25 30 35 40 45 50 55 60 65
B s X .
CHANGE IN MAXIMUM
B 81° CONTACT RESISTANCE
with identical target areas) AFTER:
B 355 ¢ 10 cycles of Mate-Unmate
¢ 10 cycles of Moisture Resistance per
AR 1414 MIL STD 202; Method 106
25°C +65°C 95% RH
16.32
2050
24.05

R -

Low-cost DIP sockets for all types of applications

Burndy DIP Sockets are currently being used in a wide variety of applications where high reliability and economy are required.

Burndy DIP Sockets are used in the
Dictaphone Thought Center 293, a
multiple-cassette, central dictation
system for word processing
applications.

Burndy DIP Sockets have been
specified for the Model 1430 print-
plus-display calculator by Monroe,
The Calculator Company.

Burndy DIP Sockets have helped
simplify design for Fairchild’s popular
Video Entertainment System.



E)gclusive GTH contacts
deliver like reliabil - Polarized body design
1 T proper installation.

D R L I I N S

“MAKE ME Dear Joe: I like what you’re saying but you’ve got to prove

PROVEIT. it to me in my own application. Here are my requirements:

Use this QUiCk 2 Product Application . =

Response Card and Operating Temperature

I’ll send you data Mating Cycles

worth its weight

- ingold.” _— — BEEc e :
; 12 Name Title

Firm
Address




Leaded orleadless
Burndy leads the way

in DIP Socket Design

sockets to fit virtually every application need, any performance
And they all have two things in common. Low cost and high
‘ reliability. That’s because they all feature our patented GTH
contact design that delivers good-as-gold connections
without the cost of gold. And that’s why you find our
DIP sockets in such a wide variety of applications
from highly sophisticated computers to TV
receivers, from automotive applications to
complex process control systems.
Burndy Corporation, Norwalk,
Connecticut 06856.

S BURNDY

Oftices in principal cities throughout the United States
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AVAILABLE NOW
THROUGH THESE

BURNDY DISTRIBUTORS

ARIZONA, Phoenix

Kierulff Electronics, 602-243-4101
CALIFORNIA, Irvine

Cramer Electronics, 714-979-3000

Los Angeles

Kierulff Electronics, 213-685-5511

Palo Alto

Kierulff Electronics, 415-968-6292

San Carlos

Sterling Electronics, 415-592-2353

San Diego

Cramer Electronics, 714-565-1881

Kierulff Electronics, 714-278-2112
COLORADO, Denver

Kierulff Electronics, 303-371-6500
CONNECTICUT, Hamden

Arrow Electronics, 203-248-3801

New Haven

Cramer Electronics, 203-239-5641
DISTRICT OF COLUMBIA

Cramer Electronics, 301-948-0110
FLORIDA, Ft. Lauderdale

Arrow Electronics, 305-776-7790

Hollywood

Cramer Electronics, 305-923-8181

Orlando

Cramer Electronics, 305-894-1511
GEORGIA, Norcross

Cramer Electronics, 404-448-9050

Lykes Electronics, 404-449-9400
ILLINOIS, Elk Grove Village

Kierulff Electronics, 312-640-0200

Mt. Prospect

Cramer Electronics, 312-593-8230
MARYLAND, Baltimore

Arrow Electronics, 301-247-5200
MASSACHUSETTS, Lexington

Harvey Electronics, 617-861-9200

Newton

Cramer Electronics, 617-969-7700
MICHIGAN, Kentwood

R-M Electronics, 616-531-9300
MINNESOTA, Bloomington

Arrow Electronics, 612-888-5522

Edina

Cramer Electronics, 612-835-7811
MISSOURI, St. Charles

Lectronix, Inc., 800-325-3348
NEW JERSEY, Moorestown

Arrow Electronics, 609-235-1900

Rutherford

Kierulff Electronics, 201-935-2120

Saddlebrook

Arrow Electronics, 201-797-5800
NEW YORK, Binghamton

Harvey Electronics, 607-748-8211

Farmingdale

Arrow Electronics, 212-995-2100

Iris Electronics, 516-420-8400

Rochester

Cramer Electronics, 716-275-0300

Syracuse

Cramer Electronics, 315-437-6671
NORTH CAROLINA, Winston Salem

Cramer Electronics, 919-725-8711
OHIO, Cleveland

Cramer Electronics, 216-248-8400

Arrow Electronics, 216-464-2000

Dayton

Arrow Electronics, 513-253-9176
PENNSYLVANIA, Montgomeryville

Pyttronic Industries, 215-643-2850
TEXAS, Dallas

Cramer Electronics, 214-661-9300

Sterling Electronics, 214-357-9131
WASHINGTON, Tuckwila

Kierulff Electronics, 206-575-4420
WISCONSIN, New Berlin

Arrow Electronics, 414-782-2801

For more information on how
Burndy low-cost, high-reliability
DIP sockets can help you
improve your product without
pricing it out of the market, send
us your particular requirements.



HP’s new
Display Trace
says a lot:

Large 500 cm? (77.4 in?)
viewing area says the
1304A is excellent for
applications in electronic
analyzer systems; analytical
instruments; weather, har-
bor or fire-control radar;
plus medical patient moni-
toring systems.

Complex graphic display
plus a large number of char-
acters says high-writing
speed and fast settling time.
HP’s new 1304A Large
Screen Display has a linear
writing speed greater than
25 cm/psec, and settles to
within one spot diameter in
300 nsec.

Small spot size (0.020")
and high brightness says
sharp pictures and good
readability...even in nor-
mally lighted industrial
environments.

\g®

It all adds up to value. Low cost, high
performance, high reliability, flexibility and
after-sales service. A good combination
for any display system. Ask your HP field
engineer for all the details including OEM
and quantity discount prices. He can also
give you details on other models in HP’s
growing family of large and small screen
displays.

* Domestic [J.S.A. price only.

So does the

quality behind

the trace:

A variety of options means
the 1304A is easily tailored
for your specific system
requirements. For example,
choose from various X and
Y input configurations,
analog or digital blanking,
various CRT phosphors and
graticules, UL medical
equipment listing, and more.

Electrostatic deflection
means low power con-
sumption (just 60W aver-
age), thus higher reliability
due to lower operating
temperature. Light weight
compared to magnetic dis-
plays is another plus.

The price of just $2400*
means benefits and perfor-
mance of electrostatic dis-
plays at a cost approaching
that of magnetic displays.

e

Modular construction and
an uncluttered interior
means easy servicing and
calibration.

/

Controls and user-settable
adjustments concealed
behind a front-panel door
means fast access while dis-
couraging knob twiddlers.

HEWLETT @ PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Then it outputs the entire rotated im-
age to a pen plotter to see if it registers
with the photo.

For registration, three or more
points on the map and the photo must
align. “You can select roads, storage
tanks, or mountain peaks,” according
to Gerry Harju, Aerospace department
head who did the programming. “But
if you pick a point on the map that
turns out to be hidden in the photo, you
will have to reiterate the process.”

Once the two images are in regis-
tration, a drawing of the proposed
landscape alteration gets digitized and

inputted to the computer. The system
can handle three types of alterations:

m Political boundaries and ski runs
that lie on the surface of the terrain.

m Lakes and strip mines that actual-
ly change the topology of the area.

= Man-made structures, like towers,
buildings and smokestacks.

Alphanumerics can be generated and
used for identifying particular fea-
tures.

After being digitized, registered, and
integrated with the scene, the proposed
alterations can be manipulated to de-
termine how best to implement them.

If, say, a proposed ski run looks too far
to the left or to the right, software can
move it over.

Alterations can be mathematically
manipulated, too. A series of images
showing the progression of a strip
mine’s boundaries over a period of time
(as a function of the volume of earth
removed) can be generated.

“A movie showing the evolution of
a strip mine over its entire lifetime can
be enlightening,” remarks Stevenson.
“The technique will show where the
overburden is piled, stored and ul-
timately returned as fill.” mm

Real-time digital audio processor
picks out distorted conversations

The FBI is using industry’s first real-
time digital audio processor to solve a
case involving America’s national se-
curity. This Automatic Digital Audio
Processor (ADAP) from Rockwell In-
ternational, Anaheim, CA, uses digital
spectral analysis to strip away mask-
ing noise from a recorded clandestine
conversation.

If the FBI gets it’s man, it should
have little trouble convincing a court
of what was actually said. The noise
will be filtered out well enough for the
remaining audio to be admitted as
evidence.

The "‘real” key

The spectral-analysis technique en-
ables the self-contained ADAP to oper-
ate in real time by bypassing the con-
ventional reiterative recording step
used by other audio processors.

“Two different audio-enhancement
schemes are at work in this instru-
ment,” explains Program Manager Dr.
James Paul, “and they are both adap-
tive in nature.”

One process, called “adaptive predic-
tive deconvolution,” wrings out such
signal-related noise as echoes, re-
verberations and other signal convolu-
tions.

In this single-input mode, ADAP
uses a 150th-order digital filter to esti-
mate the amount of noise associated
with a signal. The filter’s response time
is adjustable from the front panel.

34

SAMPLE RATE

DIGITAL FILTER WEIGHTS

AMPLIFIER A/D RAM
SHAPER CONV STORAGE

=

MULTIPLIER ADDER |—=={ REGISTER

MICROPHONE

a b

SUBTRACT
(i

D/A CONV |—=! AMPLIFIER

—

SPEAKER

This digital audio processor is the first to operate in real time. Since it eliminates
the conventional recording step required in other digital audio processors, it
can be used in real-time communications systems.
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Hello,

5% Higher
current,
45V@150°C,
switchmode
schottkys.
Goodbye, TRW.

Meet the world’s first power Schottky Peak AVerage | max v Even dv/dt is better . .. 1,000 V/us for the
rectifiers to give top performance at Schottky | Forward, L @nf MBR7545. And 6. It's just 0.8°C/W in-
high temperatures with no derating, Type (Rated VR) (Rated VR) | 150°C stead of the usual 1.0 for more efficiency.
backing off or baloney. Motorola Switch- {Amps) {Ampe) (Voits) And that's what Schottkys are all
mode* Schottkys. MBR7545% 150 T about—superior performance and effi-
Switchmodes are full-rated at 150 A, (T ;2? S B n e [y ciency in high-frequency switching
¢5 V. 150°C co'nditior,\s simultaneously. | spsit (TC =1 o2 a2 applications. The new series will be
ou-know-who's aren't. : e -5 0] state-of-the-art industry standards in
And the MBR7520-45 series can (Tc=90°C) | (Tc=90°C) 45 those designs.
save you 20% in power at 100 A because | ;ngoes = 50 Prices are more attractive, too!
of lower VE—or 12 W less power loss vs e b Say hello to our good buys. Send for
competition. The 1,000 A surge current | meRssst | 1 Sooc) | (1o “90°c) | as Switchmode Schottky data sheets and
rating is something to welcome, too. —_ 5 get spec-by-spec, side-by-side compari-
The whole family has unique guard- | SP* (Tc=12 32 son of these new DO-4s and DO-5s with
ring construction providing avalanche | yeose - 25 outgoing standards. It's an eye-opener.
characteristics for transient protection (Tg =0 C) 140 Write Motorola Semiconductors Inc.,
plus low leakage for added reliability. fresweveGoten =~ it S%owe 180 conauctonange P.0. Box 20912, Phoenix, Arizona 85036.

*Trademark of Motorola Inc.

MOTOROLA Semiconductors

The mind to imagine. .. the skill to do.
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When adjusted to a slow adaption
rate, ADAP concels out echoes and
other long-term stationary effects.
Dialing in a faster adaption rate lets
the instrument track and kill shorter-
term interfering signals like back-
ground music or another, unwanted
voice. ADAP can even clear up a tele-
phone voice disguised with the old
handkerchief-over-the-mouthpiece
trick or one with background music.

Two mikes help

The other enhancement scheme,
called real-time adaptive filtering, uses
two simultaneous inputs from two dif-

ferent microphones. One input con-
tains the desired audio signal combined
with all on-site ambient noise. The
other comes from a microphone that
samples the background noise alone.
This second input’s noise may differ
quite a bit from the first, but the signal
is modified by a transversal filter that
adjusts noise amplitude and phase.
This produces an estimate of the noise
component in the first audio signal.
This estimate is subtracted from the
(first) composite signal and then fed
back to the transversal filter to null out
the audio signal’s noise component.
The instrument’s adaption speed
ranges from less than 200 ms to over

5 s, according to Dr. Paul. It attenuates
convolution and additive noise by over
40 dB, and has 12-bit d/a and a/d
resolution. The digital filter can be
adjusted as high as the 256th order.

Many crimes have already been
solved with the ADAP, including
murder, rape and burglary.

It can also be used in live com-
munications systems like air-traffic
control or on-location radio and tele-
vision news coverage. Pretaped audio
from police “bugs” or cockpit record-
ings from wrecked airplanes are also
candidates for audio cleanup.

ADAP measures 3-1/2 X 19 X 21 in.,
weighs 40 1b and costs $25,000.um

Manpack satellite communications
links soldiers with air, sea support

Both voice and digital-data satellite
communications can now be conducted
between soldiers in battle and ships,
aircraft and ground stations with a
manpack communications system. The
AN/PSC-1, a 25-lb transceiver, can
output 35 W of power directly to an
orbiting satellite to achieve long-range,
interference-free communications—as
far as 9000 miles.

The power required for the trans-
mitter has been kept to a minimum by
using a special modulation scheme. As
a result, the transceiver can achieve
extremely low signal-to-noise ratios.

The transceiver uses time-inter-
leaved quadrature binary phase-
shift-keyed modulation to transmit
digital data at 300 bps. And with a
combination of offset quadrature-
phase, shift-keyed modulation and con-
tinuously variable slope-delta mod-
ulation, the transceiver can transmit
voices to within 2 dB of the theoretical
signal-to-noise ratio, according to Ed
Rueve, project manager for Cincinnati
Electronies in Ohio, which developed
the AN/PSC-1 for the Army Satellite
Communications Agency.

The transmitter can operate in either

Jules H. Gilder
Associate Editor

36

U;ing only 35 W of power and a satellite relay, the AN/PSC-1 can communicate
with support units as far as 9000 miles away.

a satellite or line-of-sight mode. In the
satellite mode it sends out 35 W. But
the line-of-sight mode of operation re-
quires only 2 W.

For satellite operation, a medium-
gain helical antenna is provided, with
a minimum gain of 6 dB. The antenna
folds up into 300 cubic inches and can

be assembled and ready for operation
within two minutes. For line-of-sight
operation, a whip antenna is used.

Transceiver is brainy

While the transmitter and receiver
portions of the set are based on conven-

ELECTRONIC DESIGN 17, August 16, 1977
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Making data move is the name of the game in today’s switched
or dedicated-line networks. If you're moving it at any speed up
to 2400 BPS, Universal Data Systems has the proper modem for
reliability, economy and efficiency in your system.

UDS has more than 30,000 modems in active field service, and
the total is growing by more than 1,000 units per month. Our
product line includes CMOS 201s, plus 103s, 202s, ACUs and the
new 12:12, which permits full-duplex 1200 BPS communication

over only two wires. UDS also offers the multiple modem RM-16,
which contains up to 16 units in any configuration mix you desire.

In addition to our products, we’'re extremely proud of our
customer service. Check us out: Call us on the telephone. You’ll
like what you hear.

universal daba sysbems

4900 Bradford Drive e Huntsvnlle Alabarna 35805 e Telephone (205) 837-8100 « TWX 810-726-2100




tional uhf designs, the control section
of the transceiver is unusual, notes
Rueve. A CMOS microprocessor uses
an internal frequency synthesizer to
control the frequency of operation,
mode and the receiver’s offset frequen-
cy. The micro does it with an internal
frequency synthesizer.

Besides voice transmission, the
transceiver features secure voice, data,
selective calling and conference calling.
It can receive any one of 15 selectable
channels plus a conference channel. It
also carries separate audible and visual
alarms for selective and conference
signals.

Unlike most military field-com-
munications systems designed for
voice transmissions, the AN/PSC-1
can accommodate digital-data trans-
missions as well. This is done with a
digital message-entry device (DMED),
which is basically a hand-held battery-
powered terminal.

An Intersil 6100 microprocessor
enables the DMED not only to send and
receive digital alphanumeric data, but
to edit the data as well. The DMED can
change, delete or insert any character
in the output message. In addition,
input or output messages can be reread
as often as desired.

Mini keyboard enters data

Data are entered into the DMED via
its 32-switch ASCII keyboard, and are
presented on 16 alphanumeric LED-
display devices. An incoming or outgo-
ing message may be scrolled across the
display in ticker-tape fashion.

Several scrolling speeds can be
selected for the keyboard. Scrolling
may be stopped and started at will, and
even reversed if desired.

In addition to the alphanumeric LED
displays, the DMED has six LED sta-
tus indicators, five of which are

90
80 = =
o & - NI
i ﬁﬁ T~ Lt =
o || i
R ey S ; S
X <|)u|0/',_ 4§ I~/ \
\‘-\ ( N / \ /—
o o \w
g ~— { //
§ 10 A\ D \( /
= A/
3 U
; 2 Bt
} \
f f LIMIT OF COVERAGE<
50|
\ NI
7 1 ? - ey
s B0 i s B, i ol L~
80)
20 110 100 9% 80 7 60 50 40 30 20 10 0 0 20 30 4 50 60 70 80 90

LONGITUDE (DEG)

Digital data can be transmitted from soldiers in the field by using a uhf
transceiver and a hand-held computer terminal developed by Cincinnati

Electronics.

software-controlled. The displays in-
dicate low battery, memory overflow,
edit mode or acknowledge, shift mode,
illegal operation and receive. To con-
serve power, the display is auto-
matically shut off approximately 8 sec-
onds after the microprocessor has com-
pleted its cycle. A change of either the
frequency, receive offset or function
controls will cause the microprocessor
to start a new cycle and illuminate the
display.

The DMED also features a serial,
asynchronous I/0 with selectable
transmit and receive rates. If a modem
is used, rates of 150, 300, 500 and 1200

bps can be selected. If not, 2400, 4800,
9600 and 19,200 bps rates can be used
as well as the four modem rates.

The output of the device is a 6-bit
ASCII code with odd parity, one start
bit and two stop bits. The hand-held
terminal transmits and receives in a
burst mode.

In a recent test of two AN/PSC-1
systems, communication was estab-
lished over a distance of 9000 miles via
the Marisat satellite—which is in sta-
tionary orbit 22,300 miles above the
earth near West Africa. Two terminals
located in Cincinnati talked to each
other via the satellite. mm

Laser scanner finds textile flaws

One of America’s largest textile
manufacturers is now using a laser-
scanning system to detect and identify
flaws in woven goods.

The high-speed fabric inspection sys-
tem, developed by Ford Aerospace &
Communications Corp.’s Western De-
velopment Laboratories, Charlotte,
NC, is being used at Springs Mills, Inc.,

38

Leroy Plant in Fort Lawn, SC.

The system includes three parallel
laser-scanning heads, each with a ro-
tating mirror that moves the laser
beam across the material. Fiber optics
catch light passing through and bounc-
ing off the surface of the cloth.

For scanning, fabric rolls feed
through an optical inspection frame.

When a flaw or abnormality is de-
tected, a mark is automatically placed
on the selvage edge of the fabric.

The output of the laser scanners is
correlated by analog and digital-signal
processors. A computer readout is pro-
vided.

Fabrics can be inspected at speeds up
to 250 yards per minute.um
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that ‘new’ kid

onthebhlock...

Actually, he’s not that new. He’s been around for

quite a while now. Other vendors keep announcing

S miniature cylindrical ceramic capacitor ‘innova-

tions’, but Sprague Electric, the pioneer in layer-

e built ceramics, can state with pride that this type

e of capacitor was introduced by Sprague more than
- ten years ago.

Sprague Type 292C MONOLYTHIC® Capacitors are the
industry’s best-constructed axial-lead capacitors, thanks to
MFT*, a closely-monitored material modification of electrode
metal and ceramic reacted with glass. The result—less
capacitance change with temperature change, improved
Illustrated approx. stability with life, and improved impedance with frequency
4x actual size characteristic.

These low-cost miniature capacitors feature a dimen-
sionally-precise molded construction and can be ordered
taped and reeled for automatic insertion. They are available
in body formulations to meet characteristics Z5U (general-
application), X7R (semi-stable), and COG (NPO).

For complete technical data, write for Engineering Bulle-
tin 6250B to: Technical Literature Service, Sprague Electric
Co., 347 Marshall St., North Adams, Mass. 01247.

452-7103

* Modified Formulation Technology s p R n G U E

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

CIRCLE NUMBER 27
ELECTRONIC DESIGN 17, August 16, 1977 39

THE MARK OF RELIABILITY




. MULTIMETER
- PACKARD

L \ >

OPE (275 MHz)

C
17254 OSCILLOSC

HEWLETTee PACKARD




MULTIMETER
VIE INTERVAL
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.f1 AUTO HOLD

EXT TRIG

For improved A-time
measurements, plus

autoranging AC/DC volts,
amps and ohms ...

HP’s the Answer.

Now you can choose from two new
scopes with improved A-time capability:
The 200 MHz 1715A priced at $3000*
or the 275 MHz 1725A for $3300*. Both
offer an optional built-in DMM for direct
A -time readout, plus autoranging
AC/DC volts, amps, and ohms.

A-time measurements are now faster
with the 1715A and 1725A. They're
more accurate because scope and op-
erator errors are significantly reduced.
Plus you have switch selection of chan-
nel A or B as the starting point for
A-time measurements, often eliminating
the need to move probes and simpli-
fying trace overlap for zeroing. But
you can still select conventional delayed
sweep with the flip of a switch, for
brighter low-rep-rate traces and con-
venient trace expansion.

The optional autoranging 3%z digit
DMM is priced at $325* factory installed.
Or, for easy field installation, there’s
a kit priced at $375*. Another option,
HP’s “Gold Button” for $150*, gives
you pushbutton selection of either
time domain or data domain when the
1715A or 1725A is used with HP’s
1607A Logic State Analyzer.

Like all new high-frequency HP
scopes, the 1715A and 1725A
have switch select-
able 50 ohm or
1 Megohm inputs.
And the 1725A,
with 275 MHz

bandwidth, is the fastest 1 Megohm-
input scope available. That reduces the
need for active probes when working with
fast logic near maximum fan-out.

The story with both of these scopes is
user convenience—from front-panel
controls to the minimum of adjustments
for servicing. Your local HP field engi-
neer can give you all the details.

And here’s something NEW for
scopes. HP’s Easy-IC Probes. A new
idea for probing high-density IC circuits
that eliminates shorting hazards, simpli-
fies probe connection to DIPs and gen-

erally speeds IC trouble-
shooting. The probes
are standard equip-
ment with these
two scopes.

*Domestic U.S.A.
price only.

HEWLETT w PACKARD

1507 Page Mill Road. Palo Alto, Cahfornia 94304

For assistance call Washington (301) 948-6370. Chicago (312)
255-9800, Atlanta (404) 955-1500. Los Angeles (213) 877-1282
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The SIMPSON

DIGITAL MULTIMETER
FAMILY KEEPS GROWING!

Here’s our latest addition
For 130

New Compact Portable Model 461

Complete with nickel-cadmium
batteries, AC charger/adapter,
test leads and instruction manual

e 8 FULL HOURS continuous bat-
tery operation . .. a full day’s
work without interruption

0.25% DC V accuracy

Large bright 0.3” LED display
Automatic zero and polarity
100+V, 0.12, 100 nA sensitivity
26 pushbutton selected ranges

High energy fuse safely con-
tained in case

Folding bench stand
Only2x5.6 x4.6”; 1% Ib.

ALL SIMPSON DMM'S HAVE

» Reliable overload-protected LSI circuitry

« Easy-to-read 32 digit red LED displays with automatic polarity

o Performance proven with a 200-hour burn-in, backed up by a one-year guarantee
» Complete line of accessories is available

For *210

Popular Priced Model 464A

e 0.1% DC V accuracy

@ 28 pushbutton ranges in-
cluding 10A AC/DC

o Bright 0.43” LEDs,
automatic zero

e High-impact case with
tilt-view adjustable
handle

o For AC line operation.
Optional AC/recharge-
able version available
for $247

CHOOSE THE ONE THAT’S BEST FOR YOU

For 285

Deluxe 460-3A
@ 0.1% DC V accuracy,
custom MOS/LSI circuitry

e 32 ranges including low
power resistance ranges
and 10A AC/DC current

Bright 0.43” LEDs, auto-
matic ZERO

Calibrated auxiliary
analog meter

For AC line operation.
Optional AC/recharge-
able version available
for $322

For 295

Autoranging Model 465A

e Automatically selects and
displays the proper
measuring range

® High 0.1% DC V accura-
cy, custom MOS/LSI
circuitry, 0.43” LEDs

e Measures DC voltage to
1000 V, AC voltage to
600 V, resistance to 20
megohms, low power
ohms ranges AC/DC
current to 10A

o AC line operation.
Optional AC/recharge-
able version available
for $332

AT YOUR LOCAL ELECTRONICS DISTRIBUTOR

SIMPSON ELECTRIC COMPANY

853 Dundee Avenue, Elgin, lllinois 60120
(8312) 697-2260 e Cable SIMELCO e Telex 72-2416

For <257

Digital VOM — the 360-2

e AC line and rechargeable
operation standard

0.25% DC V accuracy
exclusive MOS/LSI cir-
cuitry, automatic zero

29 ranges including low
power resistance

Calibrated zero center
analog meter

o Recorder output

KATY INDUSTRIES

INDUSTRIAL
EQUIPMENT
GROUP

42
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If you're designing with
the TL O8I series,
you made the right choice!

TLO081 PRICE CURVE
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TLO80-Single

OFFSET WY NON Ve
WULL NPUT NV
e WeuT

ALL FIVE POPULAR OP AMP PINOUTS

TLO082-Dual

OUT NV NV
Vege PUT INPUT INPUT
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TLO81-Single
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NULL INPUT NV
w WPUT

BIFET op amps from Texas Instruments.
Now priced to replace bipolars.

By designing with the TL081 Series,
you're using the first BIFET op amps
priced to replace such widely used bi-
polars as the pA741, MC1458, LM308,
LM324,uA747,RC,558 andthe RC4136.
They’re now priced as low as 33 cents
each for 100 pieces. And look what
you're getting for your money!

You’'re getting tomorrow’s technol-
ogy for today’s products. High-im-
pedance JFET inputs and a low-dis-
tortion bipolar output backed by ion
implant reliability that ensures uni-
form device characteristics. The
TLO81 Series simplicity, small chip
size and ease of manufacturingresult
in low cost for you.

The TLO081 Series gives you two
singles, two duals and a quad with the
broadest selection offered in opera-
tional amplifiers. Five devices with
identical specifications that allow

you to standardize virtually all of

your op amp requirements in just one

family, the TL0O81 Series from Texas

Instruments.

* Input bias current—0.4 nA max.

¢ Input offset voltage —15 mV max.

¢ Unity gain bandwidth—3 MHz

¢ Slew rate —12V/jus

¢ . per op amp—2.8 mA max.

And there’s more! You're also get-
ting the benefit of TI’s long experi-
ence in plastic packaging. The same

experience, the same plastic, the
same outstanding performance TI
has instilled in hundreds of millions
of Linear, TTL and MOS products.

BIFET op amps in a proven plastic
package at a price on a par with bi-
polar op amps. They’re on the shelf
now, waiting for you at TI or your
local authorized T1 distributor.

Mail the coupon below for your free
copy of the BIFET op amp brochure
that provides a complete description
of the TLO81 Series including data
sheets, applications circuits,
comparative specifications
and price information. It’s [7
yours for the asking.

R T S T

FREE BROCHURE

BIFET OP AMP Family

from Texas Instruments
Schematics  Specification comparisons ¢ Ordering
information ¢ Data sheets * Application circuits ¢
Price information

Texas Instruments Incorporated l
Inquiry Answering Service

P.O. Box 5012, M/S 308 I
Dallas, Texas 75222

Please send my free copy of the TI BIFET op amp brochure. l
Name o ATA00 ____Title ool

Company___ L. L b e 2h !

Address —- e L l

City 1 S Zipte S l
ED

L___——___——_—__‘

TEXAS INSTRUMENTS

©1977 Texas Instruments Incorporated

INCORPORATED L 93171
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You've designed, debugged, and loaded
your system software. Now you need
several powerful capabilities to ensure
trouble-free execution on the prototype:
the ability to look at data in different ways

. . . to compare known good data with new
data quickly and easily . . . to analyze both
system and peripheral-interface timing.

The TEKTRONIX 7D01F Logic Analyzer
offers you all those capabilities in a single
instrument.

Troubleshooting a

microprocessor-based

system s easier...

SARARRRRRRRY

Look at data in different ways.

The 7DO1F lets you choose from five
display modes: maps; state tables in
hexadecimal, binary, or octal code; or tim-
ing diagrams. How often have you en-
countered a problem you knew you could
spot just by scanning overall program
flow? How often have you wished you
could compare state tables in the
hexadecimal code you work with as well
as the binary code your microprocessor
knows? How often have you wanted to
switch from a state table display to its cor-
responding timing diagram? The 7DO1F
can help at each step of this trouble-
shooting procedure.




Compare known good data with
new data.

The 7D0O1F features two comparison
modes which facilitate in-depth
software/hardware debugging. The
EXCLUSIVE-OR and RESET-IF modes
speed up what would otherwise be a very
tedious process: checking the program
flow chart against what falls out when the
program s run.

For an EXCLUSIVE-OR comparison,
simply verify known good data, store itin
reference memory; acquire new data, and
select a table comparison mode. The
reference table and the compared table
(which may be in hex, octal, or binary) will
be displayed side by side, and the differ-
ences between the two will be highlighted
for ready identification.

Use RESET-IF to track down an intermit-
tent fault. In this mode the 7D01F can au-
tomatically acquire and compare up to
4096 bits of new data to 4096 bits of refer-
ence data. Data is continually reacquired
until a mismatch occurs. If there is a mis-
match, the instrument holds the display,
highlights the differences, and displays
the number of resets that occurred.

This frees the operator from continually
monitoring for wandering programs,
intermittent loops, or ragged-edge

timing problems.

Analyze system and interface timing.

The 7DO1F offers synchronous data ac-
quisition at speeds up to 50 MHz. Butitis
sometimes necessary to view micro-
processor operation with increased timing
resolution, as well as to locate timing dis-
crepancies in the system'’s interface with
the outside world. You may, for example,
need to asynchronously examine data
cominginto the I/O port before you can de-
termine whether incorrect information is
coming from the I/O port itself or the hard-
ware on the other side. The 7DO1F offers
asynchronous data acquisition at sample
intervals of up to 100 MHz.

«With the
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Tektronix 7DO1F
Logic Analyzer.

All these unique features are available
only inthe TEKTRONIX Logic Analyzer.
To find out more about how the 7DO1F can
simplify your work with microprocessor-
based systems, just call your local
Tektronix Field Engineer. He'll demon-
strate the 7DO1F in your application, and
acquaint you with its many other features,
including 16-channel word recognition,
1MQ/5 pf logic probes, 16-channel data
acquisition, 4k formattable memory, and
7000-Series mainframe compatibility.

You should also send for our newest
application note, describing in detail

how a 7D01F can be used with
microprocessor-based systems. Write
Tektronix, Inc., P.O. Box 500, Beaverton,
Oregon 97077. In Europe, write Tektronix
Limited, P.O. Box 36, St. Peter Port,
Guernsey, Channel Islands.

Tektronix

COMMITTED TO EXCELLENCE

FOR TECHNICAL DATA CIRCLE 31
FOR DEMONSTRATION CIRCLE 32
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brogramming
system

Kepco’s new SN-488 digital interface provides you with a convenient way to
put our programmable power supplies on your General Purpose Interface
bus. The model SN-488 responds to the “listen”” instruction, provides the
“handshake’ interaction and gives you two addressable channels on each
card. Up to eight cards can be addressed through a single bus connector.

Each channel provides 12 bits resolution with programmable range (10:1)
and programmable polarity (for use with bipolar power supplies). Kepco
makes hundreds of power supplies that can listen on your bus through the
it Boliplete specs. SN-488 interface: fast models, slow models, high voltage and low; unipolar,
write Dept. BY F-05 bipolar, voltage stabilizers and current stabilizers . . . power supplies designed
for today’s automatic test equipment.

K E p c D® 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 U.S.A. » (212) 461-7000 « TWX #710-582-2631

See them in action during ELECTRO '77. Our Hospitality Suite is Room 1802. Holiday Inn, 440 W. 57th STENAYICS
CIRCLE NUMBER 33




Washington report

ASPJ may be biggest-ever ECM procurement

The Navy plans to issue requests for proposals in October for what may be
the biggest procurement of electronic countermeasures in military history.

The program is the Airborne Self-Protection Jammer (ASPJ), and potential
contractors are forming teams to submit bids. Slated for 800 planned F-18 and
A-18 Navy fighters at an estimated cost production of $300,000 each, ASPJ
represents at least $250-million worth of business.

The system also may be retrofitted into as many as 500 F-14 fighters as well
as some A-6 attack aircraft—both used by the Navy and Marine Corps—and
is a candidate for the Air Force’s new F-16 fighter. The Air Force plans to buy
more than 1300 F-16s for its own use, while 650 F-16s have been ordered by
four European countries.

Teams will submit common designs, but will split the procurement based on
annual competitive price proposals. Teams already formed include ITT Avionics
and Westinghouse Defense Electronic Systems Center, Sanders Associates
Electronic Warfare Div., Northrop Defense Systems Div., and Raytheon with
its recently acquired Kuras-Alterman subsidiary and Loral Electronics.

Tomahawk, ASALM to get B-1 funds

The Navy’s Tomahawk cruise missile was the major recipient of the money
made available from the cancellation of the B-1 bomber, but the Pentagon is
also seeking funds to begin developing a supersonic Air Force cruise missile.
An amended budget request sent to Congress by Defense Secretary Harold Brown
asked permission to redirect part of the $1.4-billion already sought for five B-1
bombers for fiscal 1978. About $380-million would be shifted to cruise missiles
and other weapons while $1-billion would be subtracted from the fiscal 1978
budget.

Tomahawk would get an extra $103-million for development of a version that
can be launched from a B-52 bomber, and $64-million for initial production. But
hidden in the Pentagon’s amended budget request under an item labeled
“strategic bomber penetration” is $14-million to accelerate testing of a supersonic
cruise missile, the Advanced Strategic Air Launched Missile. Another $90-million
is earmarked for a new cruise missile-carrying aircraft, probably a version of
the Boeing 747 or some other wide-bodied jet.

Meanwhile, the Air Force canceled a new Short Range Attack Missile, the
SRAM-B, which was being developed by Boeing for the B-1.

Seasat-A users won’t get digital data

The National Aeronautics and Space Administration (NASA) plans to supply
users of the Seasat-A environmental satellite with optical processed film rather
than digital data from the satellite’s synthetic-aperture radar. As a result,
information is likely to be more costly and harder to use. The film will not be
fully corrected geometrically or radiometrically.

These films will be provided in strips covering 30 to 50 km of the radar’s
100-km swath, and the users will have to match them up to create photo mosaics.
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Digital outputs would have covered the whole swath.

The step was taken to save $2-million after NASA discovered it had overspent
the $66.5-million budgeted for Seasat-A by $2.2-million.

The cost overrun was caused, according to NASA, by changes required by
the Air Force to make the satellite compatible with the Atlas-Agena launch
vehicle, which the Air Force will use to launch Seasat-A for NASA in May, 1978.

Navy uses MLS to land jet fighter

The Navy has successfully landed one of its high-performance fighter aircraft
fully automatically with the Bendix narrowband microwave landing system
(MLS). The device from Texas Instruments incorporates L-band distance-
measuring equipment.

The MLS picked up the aircraft seven miles from touchdown and guided it
straight down the glide path for an automated landing. The test was conducted
at the Federal Aviation Administration’s National Aviation Facilities Ex-
perimental Center (NAFEC), Atlantic City, NJ, and involved an F-4J from the
Naval Air Test Center, Paturent River, MD, piloted by Lt. James O. Ellis.

Further tests are planned for the MLS in November at the Navy’s own
instrumented range at Crow’s Landing, CA. These tests, to be conducted jointly
with the Ames Research Center of the National Aeronautics and Space Adminis-
tration, will involve curved and segmented approaches that will require digital
computers instead of the present hybrid analog-digital systems.

U.S. overseas arms-sale backlog skyrockets

The U.S. backlog of foreign military sales (FMS) orders is now more than
$30-billion, according to a State Department report required by Congress, and
includes weapons to be delivered as late as 1982. As a result, the U.S. will have
to honor these commitments, and any changes in U.S. arms-sales policies should
focus on new requests, contends Secretary of State Cyrus Vance.

Among the proposals currently before Congress are limiting annual FMS to
$8.5-million (in 1975 dollars), holding next year’s sales to 40% below this year’s
level, and cutting sales by 10% each year for the next four years.

U.S. arms sales abroad are declining anyway. From a peak of nearly $11-billion
in 1974, they have fallen below $9-billion. An additional $1-billion a year, handled
by individual American companies working directly with foreign governments,
doesn’t go through the Pentagon’s FMS machinery.

The report stressed that U.S. cutbacks might not affect the global-weapons
trade. Other suppliers might leap in to fill the void—even though they cannot
offer the variety and advanced technology of U.S. weapons. France, Britain,
Israel, West Germany, Italy, Belgium, the Soviet Union and Sweden were cited.

Capital Capsules: The Royal Australian Air Force will be in the market for $22-million worth
of Barnes and Fairchild serial cameras to outfit four of its F-111C fighters
for reconnaissance missions. The cameras are currently used on U.S. RF-4Cs.
.. .The Air Force for the first time has had two of its Big Bird reconnaissance
satellites operating in orbit at the same time. The first, launched last Dec.
19, has established a new longevity record. It was joined by a second on June
27. The Air Force is operating the satellites in higher orbits (up to 530 km),
which suggests that more powerful cameras may be operational. . . .Final
information requests to the two competitors in the Air Force’s Advanced Nodium
STOL Transport (AMST) program, the Boeing YC-14 and the McDonnell Douglas
YC-15, are now scheduled to be sent out in late August. One will be selected
to be a cargo aircraft employing advanced avionics. The solicitations were
originally planned for June.
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—__or other valuable prizes
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25 SECOND PRIZES
~ Wilson T-2000 metal
racquet plus cover, or
choose the Wilson Kramer
or Evert autograph racquet.
(Winners will be able to

: ect their grip size and
7 welre :

- 400 FOURTH PRIZES
" Wilson optic yellow
tennis balls. 3 balls
per can.

40 THIRD PRIZES

Wilson tennis bags made of
tough vinyl. These bags
feature two outside racquet
pockets and inside zippered
“wet” pocket for damp
clothing. (Winners can
select from four colors
when notified).

i 1

" 6 nights at the Royal Lahaina Hotel at the

‘beautiful Kaahanapali Beach Resort, Maui,
Hawaii, for 2. Prize includes round-trip:
coach air transportation from the U.S. v
mainland to Hawaii; transportation between

~ the Honolulu Airport and Royal Lahaina

_Hotel also included. Modified American plan

“(includes double room and 2 meals per day),
local sight seeing trip, and tennis lessons at
your option.

TOTAL VALUE OF
PRIZES IS $4,800.
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" IT'S EASY TO WIN.

Check over our quality products and fill out the R.F.Q. on the back.

Ao e

DISPLAYS
folLon FEATURED
DIGIT SIZE DESCRIPTION* RED | ORANGE | YELLOW | GREEN
; CA; RHDP MAN71A | MAN3610A | MANS1A | MAN51A
H CA; LHDP MAN72A | MAN3620A | MANB2A | MAN52A
. CA; RHDP; (+1) MAN73A | MAN3630A | MAN8S3A | MAN53A
j CA; RHDP MAN74A | MAN3640A | MANSB4A | MAN54A
2 Digit; CA; RHDP MAN6710 | MAN6610
1% Digit; CA; RHDP MAN6730 | MAN6630
2 Digit; CC; RHDP MAN6740 | MAN6640
1% Digit; CC; RHDP MAN6750 | MAN6650 - 6 Double Digits
Single Digit; CA; RHDP MAN6760 | MAN6660 G s
Single Digit; CC; RHDP MAN6780 | MAN6680 (MANG640)
+ Matching single
5 x 7 (35 dot) Alpha-numeric MAN2A digits also available

*CA = Common Anode; CC = Common Cathode; RHDP = Rt. Hand Decimal; LHDP = Left Hand Decimal

DISCRETE LAMPS

COLOR NEW
SIZE DESCRIPTION RED ORANGE | YELLOW | GREEN
Rectangular | Rectangular legend lamp MV57124 TO BE ANNOUNCED
Narrow beam; point source MV5052 MV5152 MV5352 MV5252
MV5752
Wide beam; diffused lens MV5053 MV5153 MV5353 MV5253
" MV5753
T-1%" Narrow beam; diffused lens | MV5054 | MV5154 | MV5354 | MV5254
(.2" diam.) MV5754
2" lens ht.; 6" lead MV5074B | MV5174B | MV5374B | MV5274B
MV5774B
2" lens ht.; 1" lead MV5074C | MV5174C | MV5374C | MV5274C
MV5774C BT
T-1 135" lens ht.; .6" lead MV5077B | MV51778 | MV5377C | MV5277C || "y Motz
(%" diam.) MV57778B « High Brightness
135" lens ht.; 1" lead MV5077C | MV5177C | MV5377C | MV5277C | | * Stackable
MV5777C

OPTOISOLATORS

NEW “DESIGNER SERIES”

1

MODEL CURRENT SPEED U.L. APPROVED
N} ‘7 NO. TRANSFER RATIO | (MAX. ton, ton) ISOLATION VOLTAGE (rms)

CONTROLLED GAIN ‘ MCT271 45-90% 7 usec 2500

MCT272 75-150% 10 usec 2500

MCT273 125-250% 20 usec 2500

MCT274 225-400% 25 usec 2500
HIGH VOLTAGE OUTPUT MCT275 70-210% 15 usec 2500

(80 volts)
HIGH SPEED MCT276 15-60% 2.5 usec 2500
TTL/TEMP COMPENSATED MCT277 100% MIN. 15 usec 1500
GENERAL PURPOSE MCT2E 20% MIN. 2500
fnt J v
b Vg




PART #

ENTRY BLANK

Monsanto Request for Quotation

Gentlemen: Please give me your quote on the following Monsanto products
and enter my name in the Monsanto Tennis sweepstakes drawing.

DESCRIPTION

QUANTITY

| don't see the Monsanto part listed that meets my exact specifications. Please

give me the nearest Monsanto equivalent part to:

Mfg. Name:

Part #

Or describe:

My entry sent tol“

(dist. name) |-
\

Part Type: OJ Display [0 Lamp [0 Optoisolator

.

[J I don't need a quotation now, but enter my name in your drawing.

- .

Name
LAST FIRST MIDDLE INITIAL TITLE
Company Name
Company Address
STREET CITY STATE ZIP PHONE NUMBER
Home Address
STREET CITY STATE ZIP

1. To enter, submit the official entry blank/request for quotation to your Monsanto
distributor by October 17, 1977. Entry may also be made by sending a letter,
postcard or the above entry blank, without a request for quotation, to your
Monsanto distributor by October 17, 1977. No purchase is necessary to enter.

2. Winners will be determined by random drawing conducted by an independent
certified public accountant. Winners will be notified by mail. Entrants can
obtaina list of all prize winners by sending a stamped, self-addressed envelope

to Monsanto, Palo Alto, California.

SEND THIS ENTRY BLANK/RFQ TO YOUR MOST CONVENIENT MONSANTO DISTRIBUTOR.
T Ilxxrrrrrrr s 0 R R 0 0 O 0 0 R R 0 B N N B N N N N §B

Alta Electronics, Inc.
2280 South Main Street
Salt Lake City, UT 84115
Avnet Electronics

350 McCormick Avenue
Costa Mesa, CA 92626

Elmar Electronics

6777 East 50th Avenue
Commerce City, CO 80022
2288 Charleston Road

Mt. View, CA 94040
Hamilton/Avnet

10912 W. Washington Blvd.

Culver City, CA 90230
805 Oster Drive N.W.
Huntsville, AL 35805
2615 South 21st Street
Phoenix, AZ 85034

575 E. Middlefield Road
Mt. View, CA 94040
8917 Complex Drive

San Diego, CA 92123
5921 North Broadway
Denver, CO 80216

643 Danbury Road
Georgetown, CT 06829
6800 N.W. 20th Avenue
Ft. Lauderdale, FL 33309
6700 N.E. 185/Suite 1E
Norcross, GA 30071
3900 North 25th Avenue
Schiller Park, IL 60176
37 Lenexa Ind. Center
9900 Pflumm Rd.
Lenexa, KS 66215

7235 Standard Drive
Hanover, MD. 21076

OFFICIAL RULES:

its award.

3. Taxes, if any, are the responsibility of the winners. All prizes will be awarded.
Prizes are non-refundable and Monsanto is not obligated to offer other prizes
of cash in lieu of the prizes specified. Trip must be taken within one year of

4. Sweepstakes is open to residents of the United States, except employees
and their families of Monsanto Company, its subsidiaries, affiliates
and advertising agencies. Void in Missouri and wherever else prohibited or

restricted by law.

NO PURCHASE NECESSARY.

MONSANTO DISTRIBUTORS

100 East Commerce Way
Woburn, MA 01801
32487 Schoolcraft
Livonia, MI 48150

7683 Washington Ave. South
Edina, MN 55435

396 Brookes Lane
Hazelwood, MO 63042
218 Little Falls Road
Cedar Grove, NJ 07009
Eastgate Industrial Park
113 Gaither Drive

Mount Laurel, NJ 08057
2450 Baylor Drive SE
Albuquerque, NM 87119
167 Clay Road
Rochester, NY 14623
6500 Joy Road
Syracuse, NY 13057

70 State Street
Westbury, L.1., NY 11590
761 Beta Drive/Suite E
Cleveland, OH 44143
118 Westpark Road
Dayton, OH 45459

4445 Sigma Road
Dallas, TX 75240

3939 Ann Arbor
Houston, TX 77042
1585 W. 2100 South
Salt Lake City, UT 84119
13407 Northrup Wa
Bellevue, WA 9800!
2975 South Moorland Road
New Berlin, WI 53151

Hammond Electronics
1230 West Central Blvd.

P.0.B. 3671
Orlando, FL 32805
P.0.B. 21728

2923 Pacific Avenue
Greensboro, NC 27406

Harrison Equipment Co., Inc.
1616 McGowen Avenue
Box 3268

Houston, TX 77001
Kierulff Electronics
4134 East Wood Street
Phoenix, AZ 85040

2585 Commerce Way

Los Angeles, CA 90040
3969 East Bayshore Road
Palo Alto, CA 94303
8797 Balboa Avenue

San Diego, CA 92123
10890 East 47th Avenue
Denver, CO 80239

85 Gordon Street

Elk Grove Village, IL 60007
16021 Industrial Drive
Gaithersburg, MD 20760
13 Fortune Drive

Billerica, MA 01821

5 Industrial Drive
Rutherford, NJ 07070

12 Midland Avenue
Hicksville, L.I., NY 11802

1005 Andover Park, East
Tukwia, WA 98188

Monsant

Liberty Electronics
3130 North 27th Avenue
Phoenix, AZ 85017

124 Maryland Street

El Segundo, CA 90245
8248 Mercury Court
San Diego, CA 92111

5305 2nd Avenue South
B 546

ox 80
Seattle, WA 98108
Schweber Electronics
Jericho Turnpike
Westbury, L.I, NY 11590
Finance Drive
Commerce Industrial Park
Danbury, CT 06810
2830 North 28th Terrace
Hollywood, FL 33020
4126 Pleasantdale Road
Atlanta, GA 30340
1275 Brummel Avenue
Elk Grove Village, IL 60007
213 Third Street
Waltham, MA 02154
5640 Fisher Lane
Rockville, MD 20852
86 Executive Drive
Troy, MI 48084
7402 Washington Avenue South
Eden Prairie, MN 55343
43 Belmont Drive
Somerset, NJ 08873
2 Townline Circle
Rochester, NY 14623
23880 Commerce Park Road
Beachwood, OH 44122

0

3400 Hillview Avenue, Palo Alto, California 94304

s s e e e e it M . o
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101 Rock Road

Horsham, PA 19044
14177 Proton Road
Dallas, TX 75221 7
7420 Harwin Drive |
Houston, TX 77036

Semiconductor Specialists |
195 Spangler Avenue

Elmhurst Industrial Park

Elmhurst, IL 60126

P.0. BOX 41630

1885 South Banner

Weir Cook Airport

Indianapolis, IN 46241

33005 State Street

Farmington, M| 48024

8030 Cedar Avenue South L
Suite 115 ‘
Minneapolis, MN 55420
1020 Anglum Drive ;
Lakeview Square
Hazelwood, MO 63042 4
3805 North Oak Trafficway
Kansas City, MO 64116 A
4500 Wadsworth
Dayton, OH 45414 -
1000 RIDC Plaza, Suite 207 ?
Pittsburgh, PA 15238 3
9990 Monroe Drive
Suite 112

Dallas, TX 75220
10855 West Potter Road
Milwaukee, Wl 53226
Sheridan Associates

1717 Penn Ave./Suite 5009
Pittsburgh, PA 15221




Our new series of male and fe-
male “D” connectors offer you a
cost effective external mass termi-
nation cable and connector system
second to none. Its uniqueness be-
gins with a one-piece “D” con-
nector package that meets industry
standards for size, pin spacing,
and contact reliability. With no
loose parts to match up, positive
cable-to-contact alignment is as-
sured. Conductors are mass termi-
nated in seconds with our standard
BLUE MACS™ hand or bench
tools. The results? Faster installa-
tion, higher reliability.

Contact pins are spaced on
.0545” centers — a perfect fit for
any standard inter-cabinet ‘D’ type
connector application. Our new
“D"” connectors are designed to
mate with standard .050” pitch flat
cable as well as our new, improved
jacketed cable — the only flexible
flat cable engineered specifically
for out-of-cabinet use.

anew
meaning
to cost
effectiveness.

The Ansley BLUE MACS™ jack-
eted cable is U.L. listed for ex-
ternal interconnection of electronic
equipment. Electrically, it outper-
forms standard jacketed twisted
pairs in typical 1/0 applications.
And there’s no special zipper lock
tubing required — reducing the
need for an extra cable accessory.
Installation is faster, easier. And
like all Ansley connectors, you can
daisy chain our “D” types any-
where in the cable — along with
our DIP socket, card edge, or pc
board connectors.

Cable alignment and high con-
tact reliability is assured — because
both cable and connector are
grooved for absolute alignment.
Our patented TULIP™ 4-point in-
sulation-displacing contacts are
permanently fixed and sealed-in
to provide a reliable, gas-tight,
corrosion-free mass termination.

For the full reliability/cost ef-
fectiveness story and technical
data, call or write:

B /Ansley
The mass termination company.
T&B/Ansley Corporation * Subsidiary

of Thomas & Betts Corporation
3208 Humboidt St. » Los Angeles, CA



When the output of a 555 timer switches high, a large
current spike is generated which can drag down your
power supply and upset your flip-flops. One way to
cure it is with several hundred rF of capacitance. But
that's awkward and space-consuming. Teledyne’'s new
355 timer is a better way.

The 355 Timer is a pin-for-pin substitute for the 555.
It is part of Teledyne's High Noise Immunity Logic
(HiNIL) family. It, too, generates a current spike — but
only on the order of 1 mA, as compared to 300 mA
for the 555.

Two other problems encountered with the 555 are a
potential failure to reset on command, and a tendency
to exceed the power dissipation ratings when running
at 15V. The Teledyne 355 is designed specifically to
answer these two potential problems as well.

If you'd like full technical information on our new
355 Timer — or any other members of the Teledyne
HiNIL family of logic — call us at (415) 968-9241, or
contact your local Teledyne Semiconductor distributor.

Vert 100MA/DIV.
Horizontal 0.2 u Sec./Div.
|

A

Top Trace: 555

Lower Trace: 355

“P“TELEDYNE SEMICONDUCTOR

1300 Terra Bella Ave., Mountain View, Calif. 94043 Tel:.(415) 968-9241 TWX: 910-379-6494 Telex: 34-8416
SALES OFFICES: DOMESTIC: Salem, N.H. (603) 893-9551; Stony Brook, N.Y. (516) 751-5640;
Des Plaines, IL (312) 299-6196; Los Angeles, CA (213) 826-6639; Mountain View, CA (415) 968-9241

INTERNATIONAL: Hounslow, Middlesex, England (44) 01-897-2503; Tiengen, West Germany 7741-5066;
Kowloon, Hong Kong 3-240122; Tokyo, Japan 03-405-5738

CIRCLE NUMBER 35
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Editorial

The man who was wrong

Charlie and Joe were both strong executives. Both
knew how to make decisions—even tough ones.
They would assemble available background data,
knowing that they would frequently lack some of
the information they’d want. And they’d decide.

Then, each in his own way, they would move
ahead to implement the decision. And each would
march ahead as if there were 100% certainty that
the correct decision had been made. Well, maybe
95% in Charlie’s case.

Charlie knew he wasn’t perfect. So he always left
some room to maneuver out of his position if he
found he had erred. In those cases—there weren’t
many—when he felt he had made the wrong decision, he would admit it. And
here’s where Charlie and Joe differed. For Joe was never wrong.

If any of Joe’s decisions ran into a snag, he’d know why. “My decision was
right,” he’d point out. “The problem is that our engineers can’t get the hang
of designing out some of the bugs. And the sales guys aren’t selling it right.”
So Joe would spend his efforts trying to get his engineering and sales people
straightened out. That was always the problem—never the decision.

Charlie, in contrast, would freely confess: “I was wrong. That’s why things
ain’t working right. Let’s see how we can get back on the right course.” And
he’d devote his efforts to fixing the results of his off-target decision.

Some people feel that Joe was the stronger leader. Once he chose a course,
he never wavered. But I'll put my money on the guy who’s wrong sometimes
—if he knows how to admit it. It’s true that Charlie changed course once in
a while. And it’s true he occasionally hesitated. So he’d sometimes get to a goal
somewhat slower than Joe did. But almost invariably Charlie got to the goal.

g ARy

GEORGE ROSTKY
Editor-in-Chief
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ﬁ See for yourself the reasons why: —

1. MICROPROCESSORS: New Directions 9. MINICOMPUTERS: Structure and

for Designers by Edward A. Torrero, #5777-6, paper, Programming, by T.G. Lewis and J.W. Doerr,
1975, 144 pp., 8% x 11, illus., $10.95. #5642-7, cloth, 1976, 288 pp., 6 x 9, illus., $12.95.

2. GAME PLAYING WITH COMPUTERS 1(0). PATTERN RECOGNITION by
Rev. 2nd Ed., by Donald D. Spencer, #5103-4. cloth, 1976, M. Bongard, #9165, cloth, 1970, 256 pp.,
320 pp., 6 x 9, illus. $16.95. 6 x 9 illus., $14.90.

11. DIGITAL SIGNAL ANALYSIS b
3 FUNDAMENTALS AND APPLICATIONS Samuel D. Stearns, #5828-4, cloth, 1975, 288 pp., 6 ; 9,

OF DIGITAL LOGIC CIRCUITS by Sol Libes, $19.95
#5505-6, paper, ($6.95), #5506-4, cloth, ($9.95), 1975, 192 By Tl

HAYDEN

Bb 63 12. BASIC BASIC: An Introduction to
: Computer Programming in BASIC
4' COMPUTERS IN ACTION: How LANGUAGE by James S. Coan, #5872-1, paper,

Computers Work by Donald D. Spencer, #5861-6,  (§7.95) #5873-X. cloth, ($9.95). 1970, 256 pp., 6 x 9, llus.
paper, 1974, 160 pp., 6 x 9, illus., $5.50.
13. ADVANCED BASIC: Applications

5. COMPUTERS IN SOCIETY: The and Problems, by James S. Coan, #5856-X, cloth,
Wheres, Whys and Hows of Computer ($8.95), #5855-1, paper, ($6.95), 1976, 192 pp., 6 x 9, illus.
Use by Donald D. Spencer, #5915-9, paper, ($5.50), 14. FORTRAN FUNDAMENTALS: A

#5916-7, cloth, ($7.50), 1974, 208 pp., 6 x 9, illus.
Short Course by Jack Steingraber, #5860-8, paper,

6. PROGRAMMING PROVERBS by Henry F. 1975, 96 pp., 6 x 9, illus., $4.95.

Ledgard, #5522-6, paper, 1975, 144 pp., 6 x 9, illus, $6.50. 15 DIGITAL TROUBLESHOOTING
7. PROGRAMMING PROVERBS FOR Practical Digital Theory and Trouble- -

FORTRAN PROGRAMMERS by Henry F. Shooting Tips by Richard E. Gasperini, #5708-3.
Ledgard, #5820-9, paper, 1975, 144 pp., 6 x 9, illus., $6.50.  paper, 1976, 180 pp., 8% x 11, illus., $9.95.

8. COBOL WITH STYLE: Programming 16. DIGITAL EXPERIMENTS by

Proverbs by Louis J. Chmura, Jr., and Henry F. Ledgard,  Richard E. Gasperini, #5713-X, paper, 1976, 192 pp.,
#5781-4, paper, 1976, 144 pp., 6 x 9, illus. $5.45. 8% x 11, illus., $8.95.

— Write for 15-day examination copies of any of these books! —

At the end of 15 days, please remit payment accompanies order, we pay postage and
plus postage and handling, or return the handling. Outside USA, cash must

books and owe nothing. Prices subject to accompany order — include $2.00 per book
change without notice. If payment for shipping and handling.

Havden Book Company, Inc.
50 Essex Street, Rochelle Park, New Jersey 07662
phone: (201) 843-0550
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How to get the benetfits of CMOS in your static RAM sockets:

Unpl
- 02"

your
Plug in
ou
51025.

It's truly simple. Our 1Kx1 SY5102 static // Also available: SY21L.02
RAM is a pin-compatible CMOS replacement If low operating power is interesting to you,
for the popular but power hungry 2102. but you're building low-cost memories, turn

With our new 5102 you can just replace parts to our new SY21L.02 N-Channel static 1K

in your existing designs and immediately cut
power —both operating and standby. And
the standby requirement is only 1 (one!)
mW at 5 Volts. No power-down circuitry
needed.

The data sheet will give you all
the details.

For data sheets, samples or
information about either SY5102
or our SY21L.02, call or write Bob
Cushman. (408) 984-8900.

3050 Coronado Drive, Santa Clara,
CA 95051.

Whenever our 5102 is not enabled, it's in
standby. You can use power-down circuitry
if you want, but it's not required. Terrific for
systems that use battery backup. It runs at 5V,
keeps memory alive at 2V!

b Synertek.
Solutions.
B Not problems.

CIRCLE NUMBER 36
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RAM. It needs only 15mA operating.
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One way or the other,
you’re going to profit
from plugging a
Plessey 32K memory card
into your PDP-11.

y The other

The Plessey PM-1132. The Plessey PM-S1132.

32K words of non-volatile core memory on a Up to 32K words of high-speed NMOS semi-
single plug-compatible card that occupies just two conductor memory on a single plug-compatible
slots in your PDP-11 mainframe. Compatible with card that occupies only a single slot in your PDP-11
either the standard or the new modified UNIBUS mainframe. Choose a full-complement 32K word
backplane. Available with and without parity. card, or one of 7 depopulated versions, then expand

in 4K increments as your data storage needs
increase. Available with and without parity.

¢ Plessey Microsystems

Either way, you get reliable high-density storage at a refreshing low-density price.
If that’s more memory than you need, we also have a full range of 8K and 16K

plug-in cards that are fully compatible with your DEC, Data General and Interdata

minis. All supported with the backplanes, cables and expansion chassis you need.
And all available now. Contact us today.

Irvine, CA: (714) 540-9945. Los Angeles, CA: (213) 473-4581. Mountain View, CA: (415) 965-1400. Chicago, IL: (312) 671-4554.
Wheaton, MD: (301) 949-1664. Boston, MA: (617) 890-2654. Minneapolis, MN: (612) 881-0190. Kansas, City, MO: (816) 444-0166.
South Plainfield, NJ: (201) 757-2211. Albuguerque, NM: (505) 294-5790. Dallas, TX: (214) 387-0229. Toronto, Canada: (416) 661-3711.

CIRCLE NUMBER 37
54 ELECTRONIC DESIGN 17, August 16, 1977



What's TRW up to now?

»

TRW thin film resistors optimize parameters like
real estate, accuracy, speed, reliability, and
resistance range.

In discrete devices, sets, or networks.

For instance, our ultra-precision MAR series does
all of the above with absolute TC'’s and tolerances
to +5 ppm/°C, +.01%. Our smallest discrete uses
<.016 in2 of PCB space. Complex sets and
networks include 16 Bit Binary Ladders, input

attenuators and others up to 28 pins.

In straightforward precision, we have a range of
standards in R2R Ladder, MIL-R-83401 flat pack,
and RNC resistors with a verified MTBF of 280 x 108
unit hours.

Contact TRW/IRC Resistors, 4222 South Staples,
Corpus Christi, Texas 78411. (512) 854-4872,
Dept. M. For standards in all types of resistors,
call your local TRW distributor.

TRW irc resisTORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW

CIRCLE NUMBER 38
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On

RAMs

A ravenous
appetite for bit
storage has propelled
semiconductor memories
so far along that each new

product generation doubles and

redoubles its bit density.

And this creates problems.

Manufacturers, eager to be the first on their block
to announce yet another round of increased density,
have developed a reputation for jumping the gun. To
further complicate matters, it’s not at all apparent
which manufacturer’s parts can be substituted for

Dick Hackmeister
Western Editor

Memory-systems design gets easier and easier, as you go
from core to dynamic then static semiconductor RAMs.
Dynamic MOS-memory design is no cinch, however—it

56

Semiconductor

another’s: A device that is second-sourced means only
that there is another manufacturer who can supply
a part with a similar function and pinout—but not
necessarily the same performance.

The onus of true alternate sourcing is on you. You’ve
got to nit-pick the specs to determine if you can safely
swap one part for another. Not easy.

Try selecting a 4096 X 1-bit dynamic MOS RAM:

e e e WY WY B e

-2114

A
.

takes TTL-to-MOS level shifters, output sense amplifiers
and a handful of parts to refresh the RAM. Static RAMs
at right are the easy way out (Intel).
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The advantage of CCD memories over dynamic RAMs is
that about 70% of the chip area is used for storage, while
dynamic RAMs use less than half. TI's CCD, the TMS-3064
(a), is organized as an array of 16 shift-register loops, each

One source specifies 39 ac parameters, repeated for
each of four different grade parts, plus 13 common
dc parameters, six timing diagrams and 22 footnotes.
Selecting a MOS RAM means matching all those data
to all the alternatives—and not just the “typical”
numbers, either.

You’ve got to reckon with both the max and the min
values because if you read the fine print, you’ll find
that “typical” is specified at room temperature—
certainly not a valid condition in the real world, where
memory devices sometimes operate hot as a pistol.

The parameter-priority paradox

With so many parameters to weigh, it is far too easy
to take a pin-the-tail-on-the-donkey approach to device
selection. But by listing the memories’ parameters in
order of importance, then comparing numbers, you
can avoid feeling like a donkey’s rear end.

Start with the power supply. Unless you're working
on a full-blown mainframe EDP system, or something
of that magnitude, you’ll probably want to avoid
designing-in a special power supply just for bit storage.
Smaller uP-based control systems may not be able to
justify the extra 12-V and—5-V supplies. So look for
a memory that uses TTL power—just 5 V.

Basically it’s a TTL world, and the memory manu-
facturers know it; the trend is to provide parts that
are compatible with your host system’s power supply.
For example, the available 2102-type static RAMs are
second-generation 1101s. Unlike the older 1101s, which
needed three supplies, the 2102s require only a single
5-V source.

Once you've narrowed the field down to single-
supply parts, scrutinize the I/0 levels and noise-

ELECTRONIC DESIGN 17, August 16, 1977

loop 4096-bits long. Four address pins describe which loop
accepts or delivers data (b). Each loop is actually an
arrangement of serial-parallel-serial shift registers, in a
format of 32 X 128 X 32 bits (c).

margin specs. Those numbers, too, should conform to
the host system. Adding level translators and the like
can only complicate matters and leave more room for
things to go wrong.

Don’t use typical values—they represent the over-
all average of a great many pieces and are not

The size of the die directly affects the cost of a semi
memory. The original design of this 1024-bit memory
from Signetics is shown in the background; it requires
25,000 sq mil of silicon. The present design, shown in the
foreground, is only 14,500 sq mil. Data sheets often
indicate the die size.

57




guaranteed by the manufacturer. Also, parts may be
screened before shipment, so the average may actually
be far away from the typical values stated.

“Min/max limits at worst-case voltages and worst-
case temperature are the only responsible way to
specify any semiconductor memory,” a spokesman for
Harris Semiconductor asserts. Some firms, like
EM&M Semiconductor, are finally dropping the “typi-
cal” column from their data sheets.

After levels, check performance

With system power supplies and I/0 levels out of
the way, dive right into the performance specs. It takes

Nonvolatile semiconductor memories don’t forget after
the power is off. Nitron's 256-bit electrically alterable,
read-only memory (EAROM) retains data for a year. Serial
data input and output keep pin count low.

This colorful dynamic, bipolar RAM combines the good
attributes of bipolar technology (5 V, 280-ns t_, 120-ns
t,.0) with low MOS power (350 mW active), and higﬁ density
(4096 X 1 bits). Fairchild makes this memory with
isoplanar integrated injection logic.
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power to move bits quickly, and the manufacturer who
supplies rapid access time with low power consump-
tion is offering high performance.

Here, too, you should specify in terms of the host
system—a CMOS part may not be as fast as ECL,
but it runs cool and might save you a lot of money
on power supplies. On the other hand, bipolar devices
are high performers that run hot. NMOS parts gener-
ally fall in between. Performance costs, so if you don’t
need the speed, save the money for a year-end bonus.

The Gaussian distribution ensures a spread of
access times for any given production lot. After the
manufacturing process is complete, semi houses
almost always sort out the faster chips from the slower
ones; the faster ones, of course, command a premium
price.

Lowest performers are often identified with the
basic part number, while faster ones get “dash num-
bers” (part-1, part-2). But there is no standard for such
labeling, or binning. Remember that access doesn’t
start until all the address bits are presented to the
chip—so be careful, and deskew the host system to
get all the bits nicely lined up in time. Otherwise, you
may think the part doesn’t conform to the data sheet.

If you’re buying many memories, give the vendor
your production schedule. He may be able to integrate
your requirements with those of another customers’,
and thereby save you money.

When analyzing input-threshold specs, which are
sometimes given in terms of one of the supply voltages,
be sure to use the worst-case situation. Output drive
should be specified at the more rigorous Vgcemin.
Check the test conditions for load capacitance; for a
given access time (t,q.), less capacitance means less
performance.

For timing specs, look at the timing diagrams, and
check the reference points. Worst-case evaluation
should include 90% of the rising and falling edges on
the waveform under consideration.

Some firms will offer you a precalculated power-
dissipation parameter. Beware. There are several
ways to calculate P4, and you may not be getting the
whole picture, especially if the memory is dynamic.
It’s best to calculate it yourself.

The graphs that often accompany semi-memory
specs are to be used for trend projection only. These
data, too, are only typical, and any individual part
may not agree with the curve.

Some high-volume users write their own data sheets
rather than trust published specs. “Rolling your own”
avoids that ominous footnote: “Subject to change
without notice.” But don’t try to incorporate all the
best features of all the manufacturers into one phan-
tasmagorial part. It can’t be done. Like everything else
in life, you get a semi memory only by compromising.

Which package?

Like most semiconductor products, a memory’s
package is important to both design and price. Ceramic
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packages are the top of the line. They perform well
under the most adverse conditions and often cost as
much as the chip inside, sometimes more. The chip
fits into a cavity, which is sealed after bonding to
protect the die and the bonding wires.

Plastic packages cost much less than the top-of-the-
liners. But they’re molded, and the plastic strains the
die and bonding wires by flowing right over them. It
doesn’t take much to break a golden wire that is half
the size of a blonde hair; consequently, the yields are
lower. The ones that don’t break are the ones that ship.

Manufacturers go to great lengths to match the
plastic’s coefficient of expansion to that of the silicon

Programmable read-only memories (PROMs) help you
develop microprocessor-based computer programs. Data,
usually microcode, are stored in the chip as charges on
a floating-gate FET and can be erased and rewritten many
times. Manufacturers claim data will remain intact for 10
years because the charges have no leakage paths. Expos-
ing the die to intense ultraviolet light (through the quartz
lid) for several minutes dissipates the charges, erasing the
stored data pattern. Many PROMs have pinouts com-
patible with static RAMs and factory-programmed ROMs
(electronic arrays).

2
e

Bubble memories are no longer a laboratory curiosity.
This 92,304-bit memory is available from Texas Instru-
ments as the TBM-0103. The technology may provide even
greater bit density—a million-bit device is expected within
a year. The package contains a permanent magnet, the
bubble-memory chip, and two coils that produce a rotat-
ing magnetic field. The chip is fabricated on a garnet
substrate rather than silicon. Price: $200.
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chip and bonding wires, but nothing is ever perfect.
If the memory will experience many drastic tem-
perature changes or will require a high degree of
reliability, the chances are you can justify the extra
cost of a ceramic package. A good compromise is
“Cerdip,” a modified-ceramic “sandwich” that offers
the stability of conventional ceramic at lower cost.

Don’t reinvent the wheel

After you’ve painstakingly picked through the specs
for power-supply compatibility, I/0O levels, noise
margins, power-supply drain, access and cycle times,
you will appreciate the opportunity to ignore some-
thing—the input leakage current. With MOS memo-
ries, leakage is usually not very significant. In prac-
tice, the device is either an open or a short.

Once you’ve narrowed the field to just a few
candidates, contact the manufacturers for applica-
tions and reliability data—only then will you have
covered all the bases. Semi firms put a lot of effort
into their app notes, and one note might just have
your complete design. Motorola, for example, offers
an app note entitled A Non-Volatile Microprocessor
Memory Using 4-k NMOS RAM (AN-T32A).

Don’t be afraid to specify a device that’s been around
for a long time. Older types, which presumably have
their bugs ironed out and their designs optimized, get
better yields. And since most manufacturers’ specs
have had a chance to converge, a pseudo-standardized
part can emerge. Also, since they’ve been designed into
a great many OEM products that still enjoy healthy
sales volumes, they’re not likely to be discontinued.

On the other end of the stick—new memories—
watch out for the data sheet that’s stamped “PRE-
LIMINARY.” That usually means the manufacturer
hopes to ship a lot of devices, but right now the part
is “being sampled”—a euphemistic way of saying that
the producing semi house is sticking its big toe in to
see if the market is hot or cold.

Having pored over the specifications, you are ready
to select a RAM. Different RAMs have different
attributes—and some have special needs.

Move slowly with dynamic RAMs

For example, dynamic RAMs require refreshing,
and that can lead to trouble. When you specify a
dynamic RAM, be especially careful to consider all
the timing details. Watch out for specs that don’t,
without good reason, include 90% of the transition
edges.

Vendors balance density, power and speed, so you
can specify a part that optimizes the characteristics
most important to you and trade off those you don’t
need. Another compromise to consider is density vs
dollars. The new 16-pin, 16-k parts will soon be cheap
enough to compete with the assortment of 4-k devices
now available.

If it’s a 4-k you're considering, maybe you can
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replace it with a 16-k part, pin for pin, level for level
and nanosecond for nanosecond. For instance, the
chip-select pin—pin 13 in the standard Mostek pinout
—becomes A¢ in many of the 16-k devices. With a DIP
switch or a jumper, you can design a field-upgradable
memory board—just pop out the 4-k, do a little
hardware change and pop in the 16-k. Presto! You've
increased the board’s capacity by four—that is, with
4-k RAMs that allow you to do so.

Desirable features to look for in 16-k RAMs include:
page-mode addressing, row-address-strobe refreshing
and (long overdue) +£10% power-supply variations.
Choose between latched or unlatched outputs and 64
or 128-cycle refresh.

You should understand the difference between
Read-Modify-Write cycles and plain old Read cycles
and Write cycles. R-M-W is a timing mode that slices
nanoseconds off the cycle time. If you expect the
software to be doing a lot of file updating (as opposed
to number crunching), use R-M-W to access a word,
modify all or part of the word, then restore it im-
mediately. You’ll design a more efficient machine.

If anything on your data sheet is unclear, don’t
hesitate to contact the manufacturer. Almost every-
thing on a timing diagram is interrelated, and if you
don’t completely understand what’s going on inside
the part, you can’t make a valid selection. Besides,
once you know one device thoroughly, you’ll be able
to comprehend all the others.

The standard pinout for the 16-k generation will
probably be Mostek’s 16-pin arrangement: a power
supply in each corner, input and output across from
each other, and address bits increasing in significance
in a counterclockwise manner. Most likely, the next
generation of 16-k memories will see no change in the
refresh rate—it will remain one or two ms.

The 16-k generation

Dynamic RAMs—almost always implemented in
NMOS—are available in 16, 18, and 22-pin DIPs. Be
sure to check out all the manufacturer’s types—some
may be more readily available than others.

The MK4116 family of 16-k memories from Mostek
offers access times down to 150 ns. The company’s
4-k X 1 families include the MK4022, 4027, 4096, and
4200, with 200-ns devices over the full commercial
temp range of 0 to 70 C.

A 250-ns, 16-k X 1 device from Intel, the 2116, comes
in three different t,.. bins. This industry leader’s 2108
is an 8-k X 1 chip with 200-ns access. Intel’s 4-k parts
include a number of bin selections in the 2104 and
2107 families.

A 16-k X 1 memory from Texas Instruments, the
TMS4070, comes in three bins, according to access and
cycle times. TI’s 4-k line includes the TMS 4030, 4050
and 4060. Another 4 k, the 4051, takes TTL-compatible
clocks.

60

Wy |
OUTPUT
W LINE SENSE AMP BUFFER

weor | O
BUFFER |

SELECT
(WORD LINE)

BIT LINE

§ \ o J t AN+ J NeJ

P SUBSTRATE CHANNEL

4-TRANSISTOR CELL 4-TRANSISTOR CELL

ENHANCEMENT MODE DEPLETION MODE
Vee v,

I

- ® !

Dynamic RAMs store data in small capacitors. The pres-
ence or absence of a charge represents a ONE or a ZERO.
Since the capacitor will leak away most of its charge in
a few milliseconds, it must be continually refreshed (a).
A static RAM is basically an array of flip-flops. One side
or the other of each memory cell is “ON" at any time,
and this defines whether the cell is storing a ONE or a
ZERO. At least four transistors are needed to make a single
memory cell. Consequently, static RAMs consume more
power and need more chip area (b).

A 16,384-bit dynamic RAM, the MCM-6616, is pro-
duced by Motorola in four bins. And for something
in a 4096, look into the company’s 6604 and 6605.
Access times are as low as 150 ns for the 6605.

A 16-k chip offered by Fairchild has the most
meaningful designation: F16k. You can get it in three
timing bins. Fairchild also makes the only bipolar 4-
k dynamic RAM—the 93481C, and it’s fast—100 ns
from 0 to 70 C.

The quickest 8-k chip anywhere is the 7008-10 with
a 150-ns tyee. It’s from newly merged Intersil/AMS,
which also produces a 16 k, the 7116, as well as a good
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The column-address strobe (CAS) and the row-
address strobe (RAS) appeared around 1974, when
linear addressing began to limit the number of ad-
dresses in cost-effective 16 and 18-pin packages.

The old 1103, with 1024 X 1 addressable words in
an 18-pin package, used 10 precious pins just for
address definition. Going to 2-k and then to 4-k
addresses would have required 11, and then 12 pins
—clearly unacceptable for a part meant to be inex-
pensive.

CAS and RAS solve the dilemma by splitting the
address bits into most and least-significant halves and
delivering the bits to the memory in two “waves.”
Thus, the number of pins required to define any given
address can be cut in half.

With CAS and RAS, up to 65,536 discrete addresses
can be described with a mere eight pins. These eight
pins describe one of 256 rows—as well as one of 256

Introducing CAS and RAS

columns. (Both row address and column address are
internally latched and decoded.)

Consequently, only 10 pins—CAS, RAS plus eight
more—are necessary, and that is why Intel’s 4096 X
1 dynamic MOS RAM (type 2104) needs only a 16-pin
DIP, whereas the older, smaller 1103 needed 18 pins.

Multiplexed addressing is one reason that chip
density will continue to quadruple, rather than merely
double: One more pin devoted to addressing doubles
the number of columns, but also doubles the number
of rows. So the size of the internal cell matrix can
grow by a factor of four.

The 65-k limit of eight address pins will probably
be breached by one of two schemes. Adding a ninth
address pin will allow for up to 262,144 addressable
locations. But adding a third multiplex pin will
provide “three-dimensional” addressing, with a whop-
ping 16,777,216 locations in a single package.

selection of 4-k devices: the 7005, 7027, 7270, 7271,
7280, 7505, and 7507. Another 16 k: NEC’s uPD-416.
The 411, 414 and 418 are NEC’s 4096-bit parts.

Fujitsu rounds out the 16-k choices with its MB8116,
and its 4-k contributions include the 8107, 8215 and
8224,

National Semiconductor has six 4096-bit dynamic
RAMs—the MM4270, 4280, 5270, 5271, 5280 and 5281.
Access times range from 150 to 270 ns, a pretty tight
span.

Signetics offers the 2660, 2675, and 2780—all
4-k X 1. The 2260 is one of the better specified devices.

Other manufacturers of 4096 X 1 dynamic NMOS
RAMs include Advanced Micro Devices, Electronic
Arrays, RCA, Panasonic, Rockwell, Synertek,
Toshiba, Western Digital, Monolithic Memories,
Hitachi and Siemens.

Static RAMs: smaller but steadier

Static RAMs usually lag behind dynamic ones in
density, but come in a wide assortment of sizes and
technologies. For example, static emitter-coupled-
logic (ECL) RAMs are the fastest of all commercially
available memories. They get down to 10-ns t,.., and
illustrate nicely the balance of density, speed and
power. ECL RAMs span the density spectrum from
64 to 1024 bits, and they run hot. (Beware of the
smaller ones—t,.. may not be specified at high
temperatures.)

Representative 1-k ECL RAMs include Motorola’s
MCM10146 and 10415, Fairchild’s 10415 and Fujitsu’s
10415.
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TTL RAMs can’t go quite as fast as ECLs—they
bottom out at about 50 ns. But then, TTLs consume
fewer milliwatts than ECLs while covering the same
density range.

With one notable exception (Fairchild), the densest
bipolar TTL. RAMs are made by Signetics (825110),
Fairchild (93415), TI (54 S 314), National (93425),
Raytheon (5500), AMD (93415), Intersil (55 S 08), NEC
(2205) and Hitachi (2501). These are all 1024 X 1 bits.
Fairchild’s 4 k, the 93471, is a TTL-compatible static
RAM with an eye-popping 55 ns access time. It uses
an integrated-injection-logic technique.

At 15 uW/bit, complementary MOS (CMOS) RAMs
take the low end of the power scale. CMOS memories
are available in 16 to 1024-bit arrays, and in access
times from 80 all the way to 1500 ns.

The highest-density CMOS RAMs are made by
Harris (6508), RCA (5501), Intersil (6508), Solid State
Scientific (56502), AMI (6508), National (74 C 929) and
Toshiba (5007). Hughes has recently entered this arena
with a 32 X 8 CMOS RAM and two shift registers.

The line between p-channel and n-channel MOS is
quite distinct. While the highest-density PMOS RAM
is a mere 256 bits, static NMOS RAMs are available
from 1024 to 4096 bits. Almost all new designs are
being implemented in NMOS.

An NMOS process that promises to provide even
denser memories than standard NMOS is the vertical
MOS technique developed by American Microsystems.
Fabricating the transistors vertically in a V-shaped
groove—instead of in a horizontal plane—reduces
RAM cell size by almost 50%, yielding a smaller, faster
part. The first VMOS product is the AMI S4015-3, a
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45-ns static RAM, with a chip size of only 4400 square
mils—about half that of the Fairchild 93415, a bipolar
equivalent of the 1-k X 1 VMOS RAM.

The one on the cover

Today’s largest capacity static NMOS RAMs are all
organized as either 4 k X 1 or 1 k X 4. (For clarity,
those devices with 1-k X 4 organization will be
indicated in italics: 4 k X 1 will be in normal type.)

EM&M Semi’s 4402 ties NEC’s uPD 410 for the
quickest tyee.. The former yields its data in 100 ns
maximum over 0 to 70 C—very good performance for
a MOS device. The latter is available in three bins.
Other 4-k parts from EM&M are the 4104, 4200, 4801
and 4804, each with a number of bin selections.

Intel’s recently introduced family of 4-k static
RAMs boils down to two basic type numbers with a
total of six bin selections. The 211} comes in an 18-
pin DIP; the 2142 features two additional control pins.

Mostek’s MK} /0; needs only a single 5-V supply.
Mostek’s other static RAM, the 410, carries a 200-
ns taee, as does the MK/404. Signetics offers one of
each—the 261, and the 2316.

National’s two static RAMs, the 5255 and the 5256
are “nibble” (half-byte) organized. Also, its 5257 4 k
is a “X 1.” Intersil’s 7114 is available in four bins and
the 7141 also has 4 grades of tg.

The products cited in this report don’t necessarily
represent the manufacturers’ complete lines. For
complete details, circle the appropriate reader service
card number. More vendors and information may be
found in ELECTRONIC DESIGN's GOLD BOOK.

Advanced Micro Devices, 901 Thompson Pl., Sunnyvale, CA 94086. (408)
732-2400. (Ben Anixter) Circle No. 501
American Microsystems, Inc., 3800 Homestead Rd., Santa Clara, CA 95051.
(408) 246-0330. (Russ Knapp) Circle No. 502
Electronic Arrays, Inc., 550 E. Middlefield Rd., Mountain View, CA 94043. (415
964-4321. (John Llpnlsky) Circle No. 50
EM&M Semlconductors Inc., 3883 N. 28th Ave., Phoenix, AZ 85017. (602)
263-0203. (F. L. Krch) Circle No. 504
Fairchild Semlconductor Div., 464 Ellis St., Mountain View, CA 94042. (415)
962-5011. (Frank leman) Circle No. 505
Fujitsu America, Inc., 2945 Kifer Rd., Santa Clara, CA 95051. (408) 985-2300.
(Ron Gorshe) Circle No. 506
General Instrument Corp., 600 W. John St., Hicksville, NY 11802. (516)
733-3099. (Brian Cayton) Circle No. 507
Harris Semiconductors, Inc., P.O. Box 883, Melbourne, FL 32901. (305)
724-7257. (Steve Harris) Circle No. 508
Hitachi America, Inc., 2700 River Rd., Des Plaines, IL 60018. (312) 298-0840.
(Yukio Suzuki) Circle No. 509
Hughes Aircraft Co., 500 Superior Ave., Newport Beach, CA 92663. (714
548-0671. (Gary Desrochers) Circle No. 51
Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051. (415) 246-7501. (Bill
Regitz) Circle No. 511
Intersil/AMS, 10900 N. Tantau Ave., Cupertino, CA 95014. (408) 996-5000.
(John Cosack) Circle No. 512
ITT Semiconductors, 74 Commerce Way, Woburn, MA 01801. (617) 935-7910.
(Don Gradzewicz) Circle No. 513
Monolithic Memories, Inc., 1165 E. Arques Ave., Sunnyvale, CA 94086. (408)
739-3535. (Ray Gou!dsberry) Circle No. 514
MOS Technology, Inc., 950 Rittenhouse Rd., Norristown, PA 19401. (215)
666-7950. (Jules Hertsch) Circle No. 515

Need more information?

Nitron has two “X 1” parts—the 4402 and 4200. The
4200 uses only two power supplies, —5 and 12 V. The
410}, is Nitron’s 1-k X 4. Another Fairchild memory,
the 3445, is nibble-organized.

The fastest (55 ns) 4096-bit static RAMs in the
business are in Fairchild’s 93470/71 series. Im-
plemented in TTL, the /70 is usable over the full
military temperature range of —55 to 125 C.

General Instrument makes two kinds of NMOS
static RAMs—the RAS3-4402 and RAS3-4200.

Advanced Micro Devices offers the 9130 and the 9140
series. The 9145, an unconventional 4-k X 1 NMOS
RAM, uses a relatively new technique—clocking—
that cuts down on the power consumed. You can
consider it a hybrid, falling somewhere between
dynamic and static, whose popularity will increase as
static devices grow in density. The 9145, in wafer form,
is shown on the cover.am

A special thanks to the following individuals for their
help in organizing the material in this article:

Bill Blood, Motorola; Brian Cayton, Gl; Richard
Florence, CompuCorp; Joe Heesbeen, Macrodata;
John Hewkin, Tl; Ralph Kaplan, Signetics; Fran Krch,
EM&M; John Latham, Rockwell; Harry Masuda,
Signetics; Jerry Prioste, Motorola; Bill Regitz, Intel.

Mostek Corp., 1215 W. Crosby Rd., Carrollton, TX 75006. (214) 245-6921.
(Derrell Coker) Circle No. 516

Motorola Semiconductors, Inc., 5005 E. McDowell Rd., Phoenix, AZ 85008.
(602) 962-2821. (Jerry Prioste) Circle No. 517
National Cash Register, 8181 Byers Rd., Miamisburg, OH 45342. (513
866-7471. Circle No. 51
National Semiconductor, 2900 Semiconductor Dr., Santa Clara, CA 95051.
(408) 737-5891. (Ron Livingston) Circle No. 519
NEC Microcomputers, 5 Militia Dr., Lexington, MA 02173.(617) 862-6410. (Dick
Koerner) Circle No. 520
Nitron, 10420 Bubb Rd., Cupertino, CA 95014. (408) 255-7550. (Dave Fletcher)
Circle No. 521
Nortec Electronics Corp., 3697 Tahoe Way, Santa Clara, CA 95051. (408
732-2204. (Leon Mittman) Circle No. 52,

Panasonic Industrial Div., 1 Panasonic Way, Secaucus, NJ 07094. (201)
348-7275. (Terry Kobayashi) Circle No. 523

Raytheon Semiconductor, 350 Ellis St., Mountain View, CA 94042, (415)
968-9211. (Dave Uimari) Circle No. 524

RCA, Rt. 202, Somerville, NJ 08876. (201) 685-6810. (Don Carléyg

Circle No. 5.
SGS-ATES, 79 Massasoit St., Waltham, MA 02154. (617) 891-3710. (Ruben
Sonnino) Circle No. 526
Siemens Corp., 186 Wood Ave. S., Iselin, NJ 08830. (201) 494-1000. (Claus
Bahr) Circle No. 527
Signetics, 811 E. Arques Ave., Sunnyvale, CA 94086. (408) 739-7700. (Ralph
Kaplan) Circle No. 528

SMC Microsystems, Inc., 35 Marcus Blvd., Hauppauge, NY 11787. (516
273-3100. (Don Lewis) Circle No. 52
Solid State Scientific, Industrial Center, Montgomeryville, PA 18936. (21 8
855-8400. (Al Genchi) Circle No. 53
Stewart Warner Microcircuits, 730 E. Evelyn Ave., Sunnyvale, CA 94086. (408)

245-9200. (Fred Soufal) Circle No. 531
Synertek, Inc., 3050 Coronado Dr., Santa Clara CA 95051. (408) 984-8900.
(Bob Cushman) Circle No. 532
Texas Instruments, Inc., PO Box 1443, Houston TX 77001. (713) 494-5115.
(John Hewkin) Circle No. 533
Toshiba America, 5235 N. Elston Ave., Chicago, IL 60630. (312) 545-5123.
(Ken Motoe) Circle No. 534
Western Digital Corp., 3128 Red Hill Ave., Newport Beach, CA 92663. (714
557-3550. (George Gregoire) Circle No. 53!
Zilog, Inc., 10460 Bubb Rd., Cupertino, CA 95014. (408) 446-4666. (Dave West
Circle No. 53
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professional
coaching on
your solenoid
problems,

Nobody, but nobody, builds more solenoids
than Dormeyer Industries. So when you need
a laminated, folded frame, box frame, “C" frame,
or tubular type solenoid for commercial appli-
cations, give a holler for Dormeyer.

We have plenty of standard units that can be
shipped immediately from stock. Or, if you
want fast help on solving solenoid application
problems just watch our engineering team go
into action. You'll have the competitive edge
with Dormeyer's know-how and economical
prices on your side.

Make it easy on yourself. Write or call today
for the new Dormeyer “Coach’s Kit" with a
complete solenoid catalog.

DORMEVYER INDUSTRIES, A Division of A. F. DORMEYER MFG. CO., INC.
3418 N. Milwaukee Avenue, Chicago, IL 60641 e (312) 283-4000 ® TWX: 910-221-3831

CIRCLE NUMBER 39

ELECTRONIC DESIGN 17, August 16, 1977

63




Data written into corre-
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Watch variable transactions of read/write or write-
onl% operations and see both addresses and data
as they occur. Or watch memory transactions such
as fetch operations and see, in real time, both ad-
dresses and resulting operation codes.
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1/O interrupt driver

Observe DMA (Direct Memory
Access) within your system.
Whether it's your processor or
other specially designed mem-
ory access units interfacing
stem memory, you can
view dynamic action of both
a@esses and data in real time.
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Verify that interrupt linkages
are correct by observing
program flow prior to the re-
uest for interrupt and seeing
that the proper subroutine
is being executed following
interrupt. You can also use
digital delay or word trig-
gering to watch [/O driver
subroutine activity in real time.
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show you real time like this.

Logic State Analyzers effectively
put you inside your operating
minicomputer system for faster
design and debugging. Here’s
the difference HP’s real-time
view makes.

HP’s 1600S Logic State Analyzer (priced at
$7100*) plus 10254A Serial-to-Parallel Con-
verter (priced at $975*) gives you a better way
to spot and diagnose intermittent system opera-
tion. They give you greater insight for better
understanding of your system’s capability. The
combination can mean earlier product intro-
duction, lower development costs, a faster re-
turn on the development investment.

Your local HP field engineer has all the tech-
nical details. Give him a call today. And also ask
him about HP’s FREE seminars—An Introduc-
tion to the Data Domain.

*Domestic U.S.A. prices only



Cursor

Dynamic real time photograph (time exposed)
of incrementing counter used as system clock

Get a system overview with this memory map.
It shows how your memory is being utilized in D
an operating program. If you know how your
memory is organized, the map tells you at a
glance what your program is doing and the
relative time being spent in any one memory
location. That makes it-easy to spot things that
shouldn't be happening, or to determine that
part of your program isn't being implemented.

Disc address (cylinder, head, sector)
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Parallel data Serial data
inside computer from 10254A

=

View I/O transactions in real time. Straddle
an interface with the 1600S and you can
evaluate handshake signals and compare in-
put and ougut data directly—even if the
clock rates differ and you're comparing seria

data to parallel.

Qualifiers, digital delay and various

local or bus-triggering modes give you
pinpoint selection of data flow for
effective program tracing.

Qutput triggers drive your
scope—at the right instant—
for making electrical
measurements in the

time domain.

Up to 32 channels 2

let you see all the

action on a 16-bit N
system main bus plus e L
16 bits in the control =
section, I/O. or any other

logic section in your minicomputer system.

Dual clock means you can easily relate
bus activity to events occurring elsewhere
at a different clock rate—in system peri-

pherals, for example. =

10254A) lets you directly view serial
data in relation to parallel data on the
system bus.

FREE DATA DOMAIN
SEM]NAR Find out for yourself how

HP Logic State Analyzers can broaden your
view of the data domain and speed digital de-
sign and debugging.

Seminars are scheduled in a number of
cities throughout the country. Ask your HP field
engineer about specific details on seminars in
your area.

Y TP
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HEWLETT (bp/ PACKARD

1507 Page Mill Road. Palo Alto, California 94304

For assistance call. Washington (301) 948-6370, Chicago (312)
255-9800. Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Technology

Memory Technology: Part 1

Standards for dynamic MOS RAMs

are emerging. But among equivalent parts, some are
more equal than others. Static-RAM standards lag.

Increasing demands for lower cost, higher bit densi-
ty, and better performance have caused a proliferation
of new semiconductor memories—particularly dy-
namic MOS RAM chips. But, instead of developing
a line of standard parts, manufacturers have devoted
most of their efforts to maximizing performance and
density—which usually means devices with unique
“new” problems that result from not eliminating
problems in available families.

Today, available 4-k, n-channel dynamic RAMs
include at least five pin-out versions of three different
packages, with numerous electrical-specification vari-
ations. Yet perhaps 90% of the market needs might
have been satisfied with but one standard chip design.

This variety stems largely from the lack of a single
part with good enough performance and low-enough
cost to command undisputed leadership. Some of the
types produced are fast, but draw excessive power and
are noise sensitive. Other types offer good PC-board
density, but have doubtful manufacturing economies
and few alternate sources.

However, as the 16-k RAMs are beginning to appear,
standards for dynamic RAMs are also beginning to
emerge. In dynamic RAMs, Mostek parts have estab-
lished a clear technical lead. Their spees have been
sufficiently tight to delay alternate sourcing of their
parts and even to discourage some companies enough
to drop out of the game altogether. In static RAMs,
standards are coalescing more painfully. The Mostek
MK 4104 will likely set one standard. But the competi-
tion of the scaled-up 2102A and the fast Intel parts
will prevent a single device standard from emerging.

Who sets the standards?

In the early days, the Intel 1103 was pretty much
the standard. Tricky to build and even trickier to use,
it was still second-sourced by enough companies to
lead the field. With the coming of the 4-k RAM, the
Motorola 6605 and the Intel 2107 introduced the 22-
pin package (with different pinouts). But Texas In-
struments’ 22-pin version became the standard, and

R.C. Foss, President, and R. Harland, Vice President,
Mosaid, Inc., P.O. Box 11123 Station H, Ottawa, Canada
K2H 7TB
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1. A combination of high speed and low power in this 16-
k Mostek MK 4116 dynamic RAM results from new ap-
proaches in the design of on-chip peripheral circuits and
sense amplifiers.

the Intel 2107A and 2107B followed.

Meanwhile, Mostek pioneered the 16-pin, multi-
plexed-address part, the MK 4096. With the emergence
of the Mostek 4-k MK 4027 in 1976 and the general
acceptance of the 16-pin, multiplexed-address concept,
22-pin parts and their 18-pin derivatives became
obsolete. One important factor influencing this move
was that the 4027, unlike its predecessors—the 4096
—used standard silicon-gate processing.

A powerful argument for the 16-pin format is that
it can be readily converted to a high-board-density 16-
k RAM, by replacing the CS input with an input
carrying the two extra address bits. So far, only
Mostek (MK 4116) and Intel (2116) have shipped
significant quantities. But despite the common pin-
ning there are substantial differences between these
seemingly similar memories.

Mostek sets the pace

The Mostek 4116 is setting the standards because
of its circuit design (Fig. 1). A combination of high
speed and low power requires new approaches to the
on-chip peripheral circuits and to the sense amplifiers.
Nearly all earlier designs, including the 2216, use sense
amplifiers in which load current drawn from Vo is
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traded off for cycle time set by the period needed to
pull up a bit-line.

To escape this compromise requires balanced, all-
dynamic sense amplifiers. Such circuits are more
complex and difficult to lay out. More serious still,
are the design problems created by the need for the
Y-access circuits to connect both sides of the divided
bit line to the read/write circuits when a bit line is
selected. If this is not done, an all-dynamic sense
amplifier will not allow read-modify-write cycles (see
box).

Prior to MK 4027 and MK 4116, only the National

3
[—5

2. Folded bit lines and a dynamic load-steering circuit
minimize power drain in the Intel 2104A 4-k dynamic RAM.
The device, which is a second source to the Mostek 4027,
has a 16-pin package.

18 and 22-pin parts used balanced all-dynamic sensing.
Failure to do so accounts for other companies’ first
attempts at 16-pin designs winding up with specifica-
tions incompatible with either the older 4096 (which
uses all-dynamie, but unbalanced, sensing) or the
4027. It now seems certain that all future dynamic-
RAM designs must feature all-dynamic sensing to be
performance-competitive.

A second key area in dynamic-RAM design in which
Mostek sets the pace is the address buffer.! Although
detecting TTL levels should be a slight problem
compared with the correct sensing of less than 106
electrons of stored charge in a memory cell, poor
address-buffer design has caused many designs to
founder. Unfortunately, a poor buffer shows up by
its effects on the decoders, and the obscure errors
created are very pattern-dependent.

Finally, Mostek is leading the way in shrinking the
chip dimensions. A reduction in line widths by x tends
to give a speed advantage of x2 since transistor gains
increase by x and gate-capacitance loads diminish by
X. A reduction in all linear dimensions achieves similar
results, since transistor gains now stay constant and
capacitance loads decrease as the square. When the
MK 4027 first appeared, it used layout dimensions
close to accepted industry standards. But later ver-
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sions shrank 15%. The MK 4116 has come out in this
smaller version from the start, and further size
reductions are forecast.

Second sourcing—but how?

A key element in the success of any part is the degree
to which it is “second-sourced.” But in memories
especially, care must be taken when defining a second
source. On the ohe hand, users can sometimes accept
quite different parts, maintaining system compatibili-
ty only at the beard level. On the other hand, identical
parts might be used interchangeably to simplify
procurement, testing, spares logistics and main-
tenance.

Until very recently, this latter option was hardly
available. Parts to the same nominal specification
usually differed so much in second-order “unwritten
spec” parameters that they were not fully in-
terchangeable. The MK 4027 was the first n-channel
dynamic RAM to be copied exactly by second-sourcers.

There is a hidden paradox in second-sourcing: While
having identical multisourced parts seems ideal, if a
design problem emerges in production, all identical
second sources will be affected. Some 1103 pioneers
were hurt in this way when the now-famous “column
disturb” problem was discovered.

So despite the inconvenience, using different de-
signs aimed at the same specifications has its advan-
tages. For example, the new Intel 2104A approach to
balanced all-dynamic sensing is totally different from
that in the 4027, which it second-sources (Fig. 2).
However the differences are minor and can be accom-
modated by users. But, as always with differing
designs, it would be risky to consider the parts entirely
interchangeable or intermixable.

Meanwhile, the pin-out for 64-k RAMs has been
defined by JEDEC as identical to 16-k parts but with
the V¢ pin converted over to the eighth-pair of address
bits. What is not yet generally agreed is whether
Vpp stays at 12 V, or is established at 5 V or some
other intermediate nonstandard voltage. If V,is not
5V, then V. must be derived internally for the output
buffer which can be done readily.

The problem in fixing the V, level comes from
having to reduce line widths and clearances to keep
chip size compatible with standard 16-pin package-
well dimensions. A 12-V supply bootstrapped internal-
ly to 16 V or even 20 V is likely to be incompatible
with smaller dimensions. On the other hand, a nomi-
nal 5-V V, will give intolerably small internal voltage
margins.

One possible way to increase operating margins is
to use two cells per bit, as in the 2104A. This ensures
that a stored ONE is always compared with a stored
ZERO and vice versa, rather than being compared
with an intermediate-reference level. Near-perfect
balance can be achieved, too, but only by increasing
the silicon area of the chip. However, the increase isn’t
so great, since the array itself does not double in size,
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and is in any case only 30% to 45% of the total chip
area. Indeed, the total chip area might actually be
reduced if the fabricating technique allows fine line
widths and a 5-V Vp,.

Eliminating the —Vgz supply is another way to
reduce chip area. An on-chip generator might replace
the external supply, as in several present static RAM
designs. But the problem with using an on-chip
generator for dynamic parts is that large peaks of
substrate current occur because of capacitance cou-
pling from the bit lines and other parts of the circuit.
To minimize such current spikes calls for either an
external decoupling capacitor or still more constraints

on the circuit design.

As an intermediate step on the road to the 64 k,
16-k parts may emerge with 5-V-only power require-
ments. The problems will not be easy to solve, but
unless some way is found to exploit advanced fine-
line-width processes in dynamic designs then static
RAMs, which use them now, will become more attrac-
tive than dynamic RAMs in performance and cost.

The future of dynamic RAMs

While 64-k dynamic RAM chips are now being
promised, 4-k parts are still being actively developed

Why all-dynamic sensing?

The balanced flip-flop sense amplifier, used in all
first-generation, balanced, one-transistor-cell RAM
designs, gives the classic speed-power trade-off. Cur-
rent taken by the sense-amplifier loads can be reduced
only by increasing the time taken to pull up the 1 pF
or so of bit-line capacitance. However, sense time or
access time needn’t be affected, because bit lines can
be precharged high. It is the read-modify-write cycle,
in particular, which is extended.

The extension occurs because the Y decoder gives
access to only one half of the divided bit-line; and a
ZERO read-out from the side remote from this access
can be written back in only as a ONE at a rate set
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A first-generation dynamic RAM, which used a bal-
anced flip-flop sense amplifier, has Y-access to only
one half of a divided bit line.

by the charging current available from the sense-
amplifier load. If a dynamic circuit is used to cut off
the wasted load current fed to the low side, then a
ONE level cannot be written back in.

Thus, the key problem is arranging the Y decoder
to give balanced access to both sides of the divided
bit line. One method, used in the MK 4116, is to run
the decoder up the center of the array along with the
sense amplifiers. Another is to fold the bit-line halves
parallel to each other, giving access to both halves at
either end. This method is used in the NEC uPD 414D
and Intel 2104A, and lends itself to a two-cells-per-
bit format.

Y DECODER AND ACCESS

An Intel 2104A-style RAM with folded bit lines. These
lines allow easy Y-access to both halves of a divided
bit line.
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to serve the real market. In early 1976, 16-k RAMs
before year’s end were promised by every supplier.
Most have yet to emerge and it still seems reasonable
to expect volume availability of multisourced
equivalent parts in 1978.

Beyond the 16-k, the crystal ball gets cloudy. The
16-k dynamic RAM is a happy combination of reason-
ably well-proven processing and well-developed circuit
techniques that fit a chip nicely into a standard
package, while offering a good balance of performance
features. This act will be hard to follow.

Advanced MOS processes at or beyond the limits
of optical photolithography will be needed to improve
real densities. (A 64-k chip in a larger package will
be only a marginal benefit.) Smaller geometries will
likely require that the 12-V supply and the still higher
bootstrap levels currently used be eliminated. This
would match the trend to 5-V-only parts but would
create a new set of design problems.

While such difficulties probably will be overcome
during this decade, it is also likely that different
companies will solve the problems in different ways,
and what happened in the early days of 4-k parts will
happen again. As a result, acceptance of any one
approach would be delayed, and the 16-k would have
an unusually long-life—several years at least.

Outlook for static RAMs

Right now, a MOS static RAM has more than twice
the area of a dynamic RAM, but this ratio may not
stay constant if short-channel advanced MOS technol-
ogies now emerging in static RAMs can’t be applied
to dynamic RAMs. Unfortunately, the 4-k static is
being standardized in an ad hoc way resembling the
early history of the 4-k dynamic RAM. The situation
is also complicated by three distinct though overlap-
ping areas of static-RAM use—and a design that is
best for one won’t necessarily serve another as well.

One area is the replacement of bipolar RAMs in
applications requiring access times faster than 50 ns.
Such parts use all-static design to match bipolar
functions. But they are more difficult to fabricate, and
then they require more power than the slower static
RAMs. But even with these two drawbacks, these fast
static RAMs are likely to be an improvement over
bipolar standards.

A second area—microprocessors—has been tradi-
tionally served by simple all-static parts like the 2102
and its 4-k successor, the 2114. But this area is now
diverging. Since uP systems are nearly always
synchronous, it is better to design a static RAM cell
with clocked peripheral circuits as in the MK 4104.
This largely avoids the speed-power trade-off inherent
in the static inversions of the address buffers and
decoders in all-static parts.

Clocked-periphery circuits result in much lower
power consumption, which particularly benefits sys-
tems with battery back-up and may even allow n-
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channel MOS to replace CMOS in some applications.

Compounding the variation in circuit techniques is
a divergence in package styles and pinnings. An early
4-k static part, the AMD 9130/9140, used a 22-pin
package. But later 4-k memory designs are all aimed
at 18-pin packages for reduced cost and better board-
packing density.

Process standards

In the 4-k RAM, several variations of n-channel
technology were used. Most were silicon gate proc-
esses, but the industry was about evenly divided
between “coplanar” processing and “standard” proc-
essing, whereby a uniformly grown field oxide is
etched to define active device locations. In the former,
field oxide is selectively grown and device areas are
screened by silicon nitride to inhibit the field-oxide’s
growth. Coplanarity reduces step heights and can save
an ion-implant masking step used in controlling field-
threshold voltage. On the other hand, coplanar proc-
esses have been associated with gate-oxide-quality
problems giving “stuck ONEs” and/or refresh fail-
ures.

Other variations existed: Some parts used a “buried-
contact” masking step to provide direct connection
between polysilicon and n-diffused regions. Even
“philosophical” differences existed. Some companies
used relatively large chips, claiming that relatively
generous layout rules increased yields. Others used
tight rules to achieve small chip sizes.

At the 16-k level, however, there is more stand-
ardization—for now. Silicon-gate coplanar processing
is standard. The two layers of polysilicon reduce cell
area that doesn’t contribute to cell capacitance. A
diffused bit line and a metal word line are used in
the process. The extra pitch between bit lines allows
sense amplifiers to be laid out without a buried-
contact masking step.

In addition, relatively tight layout rules are forced
on 16-k chip design by the need to ensure that the
chip will fit in the well area of a 16-pin package. As
a result, the maximum allowable chip width of the
16-k memory is about 145 mil.

Prices keep tumbling

This year, 4-k RAMs have become readily available
at less than 0.1¢ per bit, which has reduced the cost
of memory systems dramatically. By year’s end,
according to predictions, 16-k RAMs will be at this
level. And the 16-k devices are already saving in
overhead circuitry and board area, among other
things.

However, the same techniques that can lower the
16-k prices might produce still cheaper 4-k parts. A
chip area of less than 15,000 mil? on a basic four-mask
process with scratch protection should give yields of
150 good chips per wafer or more—provided that the
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4000 Series MICROTEMP*

Design it
for safety!

thermal cutoff in electric space heater

Guard your products
and profits with

MICROTEMP®
thermal cutoffs

This electric space heat-
er is designed for safety
...using the low-cost,
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MICROTEMP® thermal
cutoff. It not only protects
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of those who make and
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If the heater’s thermo-
stat fails—or if the unit
overheats for any rea-
son—the MICROTEMP*
promptly cuts off the
power. Before the appli-
ance can be used again,
the fault must be cor-
rected and the MICRO-
TEMP® replaced.

The MICROTEMP® ther-
mal cutoff is available for
a wide range of design
applications with cut-

off ratings from 136 to
468°F (60 to 240°C) and
operating accuracy with-
in 042!

Millions of our MI-
CROTEMP* thermal cut-
offs are now protecting
hundreds of success-
ful products.

We offer assorted ter-
minations, mounting
packages, and insulation
to suit your design and
production needs. Write
or call us for your test
samples and data.

MICRO DEVICES

B DIVISION OF EMERSON ELECTRIC CO.

[
IEMIERSON

1881 SOUTHTOWN BLVD.
DAYTON OH 45439 513-294-0581
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CIRCLE NUMBER 42

Progress in dynamic RAMs,

1973 to the present
Mfg. Part no. | Bits |Pins| Remarks
Tl TMS 4030| 4 k | 22 | 1st commer-
cial 1-T cell
M.1.L MF 2107C| 4 k | 22 | 1st,clocked-
source
sensing
Intel i 2107B | 4 k | 22 4
el TMS 4050( 4 k | 18 | 1st 18-pin
part
Tl TMS 4051( 4 k | 18 | TTL-level
CE clock
il TMS 4060| 4 k | 22 | Re-specified
TMS 4030
National MM 5280 | 4 k |22 | 1st All- l
dynamic
sensing
National MM 5270 | 4 k | 18 | Nonstandard *
18-pin
Intel i 2104 (4 k |16
Motorola [MCM 6604 4 k | 16
AMD Am 9060 | 4 k | 22 | Similar to
TMS 4060
AMD Am 9050 | 4 k | 18 | Similar to
TMS 4050
Mostek MK 4027 | 4 k | 16 | Leading
4-k part
Intel i2104A | 4k [16 | Mosaid Inc.
NEC  |uPD414D| 4 k |16 | Patents cov-
er these two
Intel i 2116 |16 k [ 16 | 1st 16-k
RAM
Mostek MK 4116 |16 k |16 | Leading
16-k part

part design and/or spec do not cause significant
parametric yield loss. With low-cost assembly, a price
in the region of $2 seems attainable.

With most interest centered on 16-k parts, such
prices may not materialize. But if they do, then
16-k parts will find it difficult to beat the 4-k price
per bit until 1979. As always, price may not follow
costs too closely in such a competitive market. At any
rate, the pace of RAM development shows no sign of
slackening in the near future. am
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Technology

Model RAMs automatically for gate-level
logic simulators with RAMGEN. Such a model lets you
develop test programs for complex PC boards with ease.

Printed-circuit boards are getting more and more
complex as microcomputers employ more ROMs and
RAMs for program storage and scratchpad memories.
To ensure that such boards will work under all
foreseeable logic combinations, tests of ever increas-
ing complexity are needed, forcing you to use logic
simulators for their development.

Instead of trying your test plan on the actual PC
board, you use a simulator program that applies the
tests to a model of the board, and pinpoints areas that
need improvement. Naturally, you must supply the
computer with a model of every component on the PC
board, including RAMs and ROMs.

Modeling of ROMs has already been discussed in
ED No. 20, Sept. 27, 1976, p. 88. To automatically
model RAMs for use in gate-level logic simulators, you
can use a program called RAMGEN.

The program can model any RAM from a minimum
of four input address lines, up to a maximum of ten
input address lines. It accommodates up to eight
output-data lines. But RAMs with 10 input address
lines are limited to one output.

Developed for a General Automation SPC 16/45
minicomputer, the program is written in Fortran IV.
The output is punched into computer cards so that
it can be incorporated into the circuit model.

Models for the Lasar

Gate-level logic simulators have been defined as
“describing the system by a collection of gates and
their interconnections.”’ The simulator output not
only summarizes the thoroughness of the test pattern,
but also pinpoints timing problems that may exist on
the PC board. One gate-level logic simulator, the D-
Lasar by Digitest is widely used for both commercial
and military systems. It uses NAND, AND, OR, and
Wired-OR gates, and flip-flops as building blocks for
more complex functions.

RAMGEN generates NAND-gate models of RAMs
in D-Lasar format, which has the general form
XXXCC/1y, Lp,. . I, /04, Oy,. . .0, /, where XXX is the

James J. Hanratty, Electronic Engineer, Automatic Test
Equipment Engineering Div., Naval Air Rework Facility,
Alameda, CA 94501.
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LINES | §§§ | | - %
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'
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« READ WRITE , DATA' iN

CONTROL INPUTS

1. The basic RAM communicates with the outside warld
over three groups of lines: data lines (in and out), address
lines, and control inputs.

l READ RAM DIMENSIONS l

!

[ GENERATE MEMORY-CELL MODEL I

L OUTPUT MEMORY-CELL MODEL 1

I GENERATE ADDRESS-DECODER MODEL—I

l OUTPUT ADDRESS-DECODER MODEL I

L GENERATE MEMORY-PLANE MODEL I

{

I OUTPUT MEMORY-PLANE MODEL |

i

I GENERATE RAM MODEL J
I OUTPUT RAM MODEL ]

2. The RAMGEN flow chart shows how the over-all RAM
model is put together from three subsystem models.
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5 READ

3. In the D-Lasar, the memory cells are interconnected
by data (in and out), address, read and write lines.

gate number, CC is the component name, I, are the
component inputs, and O, are the component outputs.2

To model a RAM you must know its basic operation
and configuration (Fig. 1). Every RAM has input
address lines, data input lines, control inputs, and data
output lines. A memory plane contains memory cells
which store the data bits. An input-address decoder
directs a read or write request to the desired memory
location.

To write into the RAM, the data are placed on the
data-input lines. Then the address of the desired
memory location is placed on the input-address lines.
Finally, the write-control line is brought to the ap-
propriate voltage level.

To read data from the RAM, the address of the
desired memory location is placed on the input-
address lines, the read-control line is brought to the
appropriate voltage level, and the data are read on
the RAM output data lines.

Putting it all together

As the flow chart of RAMGEN (Fig. 2) shows, the
program sequentially generates models for the RAM’s
basic parts: the input address decoder, the memory
plane, and the memory cell. Then all of these models
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4. The input-address decoder is modeled by an array of
AND and NAND gates that satisfies the D-Lasar format.

are combined to model the RAM.

The memory cell model must provide the basic
control functions—read, write, address, and data
input—and exhibit memory. The NAND-gate model
and D-Lasar description in Fig. 3 fulfill the memory-
cell functions required.

The model provides memory with cross-coupled
NANDs, and has inputs for all control functions. This
memory cell is designated component BC. Component
AD is the input-address decoder (F'ig. 4). It is modeled
as an m-to-n decoder where m is the number of inputs
and n equals 2m.

The next model in the flow chart simulates the
memory plane, which is a collection of memory cells.
The memory plane, MP, consists of 16 memory cells
(Fig. 5) whose data, read, write, and column address
lines are tied together, as are the data output lines.
The RAM-model component, RM, incorporates all of
these models.

RAMGEN uses two basic RAM configurations (Fig.
6)—one for RAMs with four to nine inputs, and one
to eight outputs, the other for RAMs with 10 inputs
and one output. The general model generated by
RAMGEN requires some additional gating to repre-
sent any specific RAM exactly. The basle model
becomes a component in the final RAM model, which
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5. A memory-plane model reserves 16 lines for the row
address, one for the column address, one for data output,
and three for control.

MP MP | -----l MP
- E—
AD
MP MP | |.oao| MP
AN AN AN
! 1 31
] MP H e R e MP
AD AN
sl 2 32
iB] MP [l MP
164 2 B 0
AD

6. In an m X n RAM (top), the model has m input lines
and n output lines. A different model is used for a 10 X
1 RAM (bottom).

in turn is a part of the over-all circuit description
inputted to the logic simulator.

If you wish to model a 4 X 2 RAM, which has the
configuration of Fig. 6a, use the RAM description
shown in Fig. 7. To model any RAM, all you have to
specify is the number of inputs and the number of
outputs.

In the test-simulation program that uses the RAM
model of Fig. 8, a given sequence of program steps
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3 4 5 6

2
(o] 3 4 o 0 2

BUgS G =)
i 7
NO. OF OUTPUTS

OF INPUTS

7. The RAMGEN input consists of one card—all that's
required is the number of inputs and outputs.

8. The RAM-model printout identifies inputs and outputs
for all the submodels as well as for the whole RAM.

must be observed. To perform a write operation to
the model, the READ and WRITE inputs (pins 14 and
12 in Fig. 6a) must first be set to ZERO. Then, the
desired address and data are fed in, and the WRITE
input (pin 12) is set to ONE. For a read operation,
the sequence is similar. am
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IMPLICIT INTEGER(A-Z)

DTMENSION BUFFER(1100)+BIN(9)+TEMP(16)

RAMGEN program listing

18

DATA AsByCeDIMINIOP W/ A s B s CP e D s "M s INT ' 0 4 "R gt/

DATA COMMASLASH/*¢'4'/'/
READ(1+1) NIJNO
FORMAT(213)

GFNERATE BIT CELL “MODEL

WRITE(542)

FORMAT(*1'¢*ADD BIT CELL'4/*
BUFFER(1)=0
BUFFER(2)
BUFFER(3)=N
BUFFER(4)=A
BUFFER(5)=SLASH
BUFFER(6)
BUFFER(7)=SLASH
BUFFER(8)=SLASH

WRITE(543) (BUFFER(I)11=1+8)
3 FORMAT(' *+211+381,11,2A1)
BUFFER(2
BUFFER(7)=COMMA

BUFFER(8)=3

BUFFER(9)=COMMA

BUFFER(10)=2
AUFFER(11)=COMMA

BUFFER(12)=4
BUFFER(13)=SLASH
BUFFER(14)=SLASH

WRITE(Se4) (BUFFER(I)eI=1+14)

N O0Oe

“ FORMAT(® *421143A1,11,A1,11,A1,11,A1,11,2A1)

BUFFER(2)=8

BUFFER(6)=2

BUFFER(10)=6
BUFFER(11)=COMMA
BUFFER(12)=4
RUFFER(13)=SLASH
BUFFER(14)=SLASH

WRITE(5+¢4) (BUFFER(I)eI=1¢14)
BUFFER(2)=9

BUFFER(6)=7

BUFFER(8)
BUFFER(9)=0

BUFFER(10)=SLASH
BUFFER(11)=SLASH

WRITE(545) (BUFFER(I) I=1411)

' 'NAME=BC*, /"

5 FORMAT(' *4211+321411,41421142A1)

RUFFER(1)=1

BUFFER(2)=0

BUFFER(6)=8

BUFFER(8)=9

BUFFER(9)=SLASH
RUFFER(10)=SLASH

WRITE(546) (BUFFER(I)+I=1410)

6 FORMAT(® *+211+3A1,11,41,11,2A1)

BUFFER(2)=1
BUFFER(6)=3
BUFFER(8)=4
BUFFER(9)=COMMA
BUFFER(10)=5
BUFFER(11)=COMMA
BUFFER(12)=1
BUFFER(13)=0
BUFFER(14)=SLASH
BUFFER(15)=SLASH
WRITE(54¢7) (BUFFER(I)+151415)

WRITE(5+8)

GFNERATE ADDRESS CECODER

INPUT INVERTERS

noanoe N

WRITE(5439)

39 FORMAT(' *,'ADD ADORESS DECODER®./'

NII=NI

IF(NILEQ,10) NIT=S
9 RUFFER(1)=990+L

BUFFER(2)

BUFFER(3)=

BUFFER(4)=SLASH

BUFFER(5)=L+1

BUFFER(6)=SLASH

BUFFER(7)=SLASH

WRITE(5410) (RUFFER(I)+I=1¢7)
10 FORMAT(' *,134301471,2A0)

LsL+1

IF(L.GT.NII~-1)60 TO 11

6o TO 9

c
(< OUTPUT AND GATES
c
1

1 1x=0
L=1

16 CALL DBCON(IXNITI«RIN)
RUFFER(1)=10+1
BUFFER(2
BUFFER(3)=N
BUFFER(4)=SLASH
00 13 I=1.NII
IF(BIN(I).EQ.1) EUFFER(2%143)

13 CaNTINUE
END=NII=-1
00 14 I=1.END
BUFFER(2I+4)=CNFPA

14 CoNTINUE
BUFFER(2&NIT+4)=SLASH
BUFFER(2#NII+5)=EUFFER(1)
BUFFER(2%NII+6)=SLASH
END=2%N1I+6

FORMAT (' 4 'INPUT/102050495/%4/°

=1
IF(BIN(I).EQ.0) EUFFER(2%1+3)=989+1

WRITE(5+15) (RUFFER(I)+I=1+END)

15 FORMAT (' *.13,3A1+18(134¢A1))
IX=IX+1
IF(IX.EQ,2%#N1I)GO TD 17
L=L+l
GO TO 16

1,0 DESCRIPTION

=000
~

MN=1
END=2#NI1=-1

00 18 I=1+END+2
RUFFER(I1)=MN
MN=MN+1
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19

20

'+ 'MODEL/*)

21

22

onon
o

24

26
25

27

ocoon
®

29

38

FORMAT(* *4211+301,11,A2,11,A1,11,A1421142A1)

e 'OUTPUT/11/")

30

"4 'NAME=AD"¢/' *,*MODEL/") 31

32

33

34

36

37

49

40

CONTINUE

END=2#NI1-2

D0 19 I=1+ENDe2
BUFFER(I+1)=CoMMA

CONTINUE

BUFFER(2#NII)=SLASH

END=2#NII

WRITE(5+20) (BUFFER(I)«I=1+END)
FORMAT(' *¢"INPUT/"+18(134+A1))
MN=11

END=2#2%sNIl-y

Do 21 I=14END.2

BUFFER(I)=MN

MN=MN+1

CONTINUE

END=2#2%&NII~>

DO 22 I=1+END+2
BUFFER(I+1)=CoMMA

CONTINUE
BUFFER(2#2%sNT1)=SLASH
END=2%2#%NII

WRITE(5423) (BUFFER(I)+I=1+END)
FORMAT (1X s *OUTPUT/*+18(13+A1)/(1X¢20(134A1)))

GFNERATE MEMORY PLANE MODEL

WRITE(Ss24)

FORMAT(® *4*ADD FEMORY PLANE®+/' '+ 'NAME=MP*,/"

DO 25 I=1.16
BUFFER(1)=20+1
BUFFER(2)=B
BUFFER(3)=C
BUFFER(4)=SLASH
BUFFER(S5)=1
BUFFER(6)=COMMA
BUFFER(7)=2
BUFFER(8)=COMMA
BUFFER(9)=2+1
BUFFER(10)=COMMA
BUFFER(11)=19

LASH

BUFFER(15)=SLASH

WRITE(5+26) (RUFFER(J)+J=1415)
FORMAT(® ¢,13,30144(134A1)073,2A1)
CONTINUE

WRITE(S5427)

FORMAT(' *4'37W0/21122¢23426+425126+27+28429430+31¢32,33,34,35,36//
$90/" “otINPUT/142¢30815069748+9¢10011412,13414415,

$)
WRITE(S5+28)
FORMAT (' *'OUTPLT/37/")

*+'MODEL/Y)

017418419420/7¢

GFNERATE RAM MONEL USING BIT CELL,ADDRESS DECODERyAND MEMORY PLANF MnDEL

WRITE(5+29)

FORMAT(' *4'ADD RAM"¢/" v, "NAMESRM®+/' *,*MODEL/")

IF(NILEQ,10) NIT=S
ADDRESS DECODER
IN=0

1cS=0

ON=0
BUFFER(1)=1ICS+1
RUFFER(2
BUFFER(3
BUFFER(4)=SLASH

MNSIN+1

END=2#NII=1

D0 30 I=1+ENDe2

BUFFER(4+1)=MN

MN=MN+1

CONTINUE

END=22NIT~2

D0 31 I=14END+2

BUFFER(5+I)=CoMma

CONTINUE

BUFFER(2#NIT+4)=SLASH

MN=15+0N

END=2#2%%NI11=1

Dn 32 I=1+ENDy2

RIFFER(2#NII+4+T)=wN

MNEMN+1

CONTINUE

END=2#2%sNI1~-2

DO 33 I=1.END.2

BUFFER(2#NIT+5+1)=c0MMA

CONTINUE

RUFFER(2#NIT+2#288n1144)=SLASH
END=2#NII+2%2s3N 1144

WRITE(S5¢34) (BUFFER(I)+I=1+END)
FORMAT(1X+I3+3A1¢1R(13,A1)/(1X+20(13,A1)))

IF(NILEQ.10.AND.ICS+EG.0)60 TO 36

Go TO 37
IN=5

0 **NIT
1cS=1CS+1
Go TO 38
NN=0

]

11=0
NNN=0
mMpC=0
MMM=0
MEMORY PLANE
ICS=ICS+1

BUFFER(1)=ICS+1

2
BUFFER(8)=COMMA
LN=15416%NN

DO 49 I=1.:32,2
BUFFER(8+1)=LN

LN=LN+1

CONTINUE

No 40 I=1,31.2
BUFFER(S+1)=CoMMa
CANTINUE

IF(NILLE,9) BUFFER(%41)=13
IF(NILEQ,10) RUFFER(41)=47+11
BUFFER(42)=CcOMMA

(continued on page 76)
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MINI/BUS

Printed Circuit
Board Bus Bars

STANDARDS
IN STOCK

Low-cost, noise-reducing voltage distribution
comes in a wide variety of ready-to-ship designs.

Call or write Product Specialist for a listing of

Rogers’ Mini/Bus standards.

Prototype kits also available from stock — $25.00

ROGERS CORPORATION
Chandler, AZ 85224 (602) 963-4584

EUROPE: Mektron NV, Gent, Belgium. JAPAN: Nippon Mektron, Tokyo.

CIRCLE NUMBER 44

(continued from page 75)

43

4y

53

50

51
62

52

55

56

id

S8

59

60

61

BUFFER(43)=14

BUFFER(44)=SLASH

IFINILEQ@,10) LN=1E+42%22*NII+NNN
IF(NILWLE.9) LN=15+42%sNIT+NNN
BUFFER(45)=LN

BUFFER(46)=SLASH

WRITE(5:43) (BUFFER(I)vI=1446)
FORMAT(1X+I3+3A141R(13,A1)/(1Xe20(134A1)))
MPC=MPC+1

TF(2%*NI1.EQ.16+FPC) GO TO 44
NN=NN+1

NNN=NNN+1

G0 TO 48

MMM=MMM+1
IFINIJLE.9«ANDsMFM,EQ.NO) GO TO 45
IF(NILEQ,10.AND.¥M¥.EQ,32) GO TO 45
IFINO.GT,1) BR=RE+1

NN=0

mpC=0

NNN=NNN+1

It=11+1

GO TO 48

+9) LNS1E+2%#NII
ICS=1CS+1

Do 50 I=1+ENDs2
BUFFER(4+I)=LN

LN=LN+1

CONTINUE

BUFFER(145)=SLASK
IF(NOJEQ,1) BUFFER(I+6)=LN

TF(NOGTe1+ANDoLL +F@c1«ANDsNIGT.4) BUFFER(I+6)=BUFFER(I+4)+1+(NO~

$1)*%(2%*N1I/16)

IF(NOJGT 1 +AND+LL,ECL1.ANDeNILEQ.4) BUFFER(I+6)=BUFFER(I+4)+NO

IF(NOGT.1eANNLL.6Ta1) BUFFER(I+6)=BUFFER(I+6)+1
BUFFER(I+7)=SLASK

TEMP (XXX)=BUFFER(146)
IF(NILEQ.4) GO TC 62

LST=END=3

D0 51 III=1,4LST+2
BUFFER(S+III)=COMMA

CONTINUE

LST=I+7

WRITE(5+52) (RUFFER(K)+K=1+LST)
FORMAT (1X+I3+3A1¢1A(134A1)/(1X420(134A1)))
cc=CC+1

IF(NOJEG.1+0R.CC.EQeNO) GO TO 54
Le=Ll+1

XXX=XXX+1

60 TO 53

1/0 DESCRIPTION

xx=1

END=2#NI

DO 55 I=1+END2

BUFFER(I)=XxX

XX=XX+1

CONTINUE

END=2#NO

xXx=0

D0 56 II=1+ENDe?
BUFFER(I+II+1)=951+XX

XX=XX+1

CONTINUE

BUFFER(I+II+3)=12

IF(NILEQ,10) RUFFER(I+1I+5)=14
IF(NILLE.9) BUFFER(I+II+5)=13
IF(NILE@,10) RUFFER(I+II+6)=SLASH
IF(NIJLEL9) BUFFER(I+11+47)=14
BUFFER(I+II+8)=SLASH
IF(NILEQ,10) LST=T+Il44
IFINILLE,9) LST=I+1146

DO 57 III=14LST.2
RUFFER(III+1)=CONMMA

CONTINUE

IFINILEQ,10) FNN=T+Il+6
IF(NILLE.9) END=I+4114g
WRITE(5+58) (RUFFER(K)+K=1+END)
FORMAT(1X4 ' INPUT/*418(13,A1)/(1X420(13+A2)))
x=0

D0 59 I=1.XXX
BUFFER(I+X)=TFMP (1)

X=X+1

CONTINUE

END=2%XXX=2

00 60 I=14END+2
RUFFER(I+1)=CoMMA

CONTINUE

BUFFER(2#XXX)=SLASH

END=2#XXX

WRITE(5+61) (RUFFER(K)K=1+END)
FORMAT (1X ¢ *OUTPUT/*v18(134A1)/(1X,20(134A2)))
STOP

END

SUBROUTINE DBCOM(IxsNIIsRIN)
INTEGER BIN(9)

I11=NII

K=IX

Inlv=K/2

RDIVEFLOAT(K) /2,0
IF(IDIV.EQ.RDIVIGC TO 2
RIN(II)=1

11=11-1

IF(I1.EQ,0)60 Tn 2

K=IDIV

Go TO 1

BIN(II)=p

I1=11-1

IF(IT.EQ.,0)G0 Tn 2

K=IDIV

Go T0 1

RETURN

END

ELECTRONIC DESIGN 17, August
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Opening new frontiers with electro optics

PMT with big new “teacup” dynode gives
scintillation counters better PHR.

We expect quite a tempest ~~ ZpnoTocatHone | for medical applications. Sev-
over this teacup. It's a radically eral leading manufacturers of
different RCA approach to _ medical diagnostic equipment
large-diameter PMT’s: The tea- recently conducted their own
cup is a large, cup-shaped first tests on these gamma-camera
dynode that is an improvement type tubes, and pronounced them
over conventional venetian-blind a giant step forward in improving
fypes. It has better spatial uniformity |}, .----=---. > camera performance.

and better off-axis uniformity. As a TEACUP :
result, PHR (Pulse Height Resolution) DYNODE If electro optics can solve vour prob-
is improved by 0.3% for Cs'¥” [Nal "\ lem, remer%ber: EO and lgCA r?:are

(TH] and 0.7% for Co®” [Nal (T1)]. {+ 1 practically synonymous. No one of-
RCA 4900 is the first in a whole C{;fj fers a broader product spectrum. Or
new family of 2" to &" circular and 2 more success in meeting special
hexagonal face PMT S,W'f_h teacup needs. Call on us for design help or
first dynodes. It has a 3" diameter, 10 product information. RCA Electro
stages, and “blue” cathode re- Optics, Lancaster, Pennsylvania
sponsivity of 10 uA/blue Im mini- 17604 Telephone 717-397-7661.
mum, 10.5 ©A/blue Im typical. Avail- \H Sunbury-on-Thames, Middlesex
able with voltage divider network. TWI6 7HW, England; Ste.-Anne-de-

High performance in exacting
applications
Besides scintillation counting,
the teacup PMT can also be use-
ful in gamma ray spectroscopy

Bellevue, Quebec, Canada;
Belo Horizonte, Brazil; Hong Kong.

Integral
voltage divider network

CIRCLE NUMBER 45
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Technology

Predict a 4-k RAM’s average I pp

with a few simple calculations. The method accounts
for both the transient and steady-state components.

When working with 4-k NMOS RAMs, you can
accurately predict the average Ipp under any timing
conditions and at any operating frequency. All you
have to do is specify an average Ipp at one defined
frequency and clock-duty cycle, then specify the dc
components of Ipp for the various clock-signal logic
states. The results for any Ipp follow. You can also
calculate the worst-case Ipp for any frequency and
clock timing arrangement.

During the dynamic operation of 4-k RAMs, you
must consider both the ac and dec components of Ipp.
The former component stems from transient currents
associated with signal edges, and the latter from
signal-logic levels. The two components differ in that
the ac is unrelated to clock durations and results from
the charge or discharge of capacitive nodes or current-
spiking caused by signal-transition timing conditions.

The current-time integral of the transient currents
is constant over one memory cycle. Therefore, the
average magnitude of this component over many
cycles is directly related to frequency.

Looking at the dc component

The steady component flows in de paths that are
switched on by clock-logic levels during normal opera-
tion. Since the 4-k RAM is dynamic, you can’t observe
the dc currents by applying steady voltage levels, nor
can you generate or sustain the charge necessary to
turn on or access a de path under static de conditions.

However, you can observe the dc currents by extend-
ing the clock signals’ duration several microseconds
to allow the transient currents to disappear, and thus
display only the steady-state values of current result-
ing from the various clock-logic states.

If the RAS and CAS clocks are so extended, and
also offset in time, you can observe the Ipp dec
components for each of the four logic-state combina-
tions of the signals. When you look at the currents
for 16-pin, 4-k RAMs from five different vendors,
youll find that each has a unique profile of Ipp

Jim Lockhart, Project Engineer, Burroughs Corp., Com-
puter Systems Group, 330 S. Randolphville Rd.,
Piscataway, NJ 08854.
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magnitudes; the worst-case Ipp current for the dif-
ferent types occurs at different logic-state combina-
tions of RAS and CAS. Thus, you must specify a
maximum current for all combinations.

The specification writer may choose to make the
maximum current the same for all logic combinations,
but you should place a limit on the spec to guard
against excessive dc components. And you should
measure the Ipp currents for all four logic states (at
least initially) to determine the worst case in a
particular design.

Calculating the ac component

The ac component is not easy to measure directly,
but you can calculate it, knowing the dc value and
the average Ipp. This calculation is possible since the
average Ipp is the sum of the dc and ac components.

First, define the four steady-state values of Ipp
occurring during extended clock durations, but with
a clock repetition rate that provides a cycle interval
no longer than the refresh period. Measure the follow-
ing:

s Ipp; with E false and QIS false.

= Ipp2 with RAS true and CAS true.

s Ippg with RAS true and CAS false.

s Ippgy with RAS false and CAS true.

The last factor needed to calculate the ac component
is the average Ipp. It can be theoretically measured
at any frequency and clock duty factor, although the
accuracy of the resulting ac calculation increases at
higher frequencies, since the ac component gets larger.

Now you can calculate the ac component:

Ipp(ac) = Ipp(avg) — Ipp(de);

Ipp(ac) = Ipp(avg)
Ipp1T1 + IppeT2 + IppsTs + IppsTs,

Ty + To+ Tg + Ty

where T}, T,, T; and T, must agree with the respective
times for the Ipp(avg) measurements (Fig. 4).

The Tcyc interval for the measurement of Ipp
average should approximate a normal memory cycle
(500 ns or less), and the values for T;, T,, T; and
T, should be proportionally short. Remember that

ELECTRONIC DESIGN 17, August 16, 1977



3

measurements of Ippi, Ipp2, Ipps, and Ipps should
be made at an extended cycle.

By specifying the average Ipp at stated conditions
of cycle interval and clock timing and, in addition, by
specifying Ipp1, Ippe, Ipps, and Ippy, you can calcu-
late the ac component for the defined cycle time.
Moreover, you can calculate the average Ipp for any
cycle time and clock duty factor. Simply multiply the
ac component at the known frequency by the propor-

ELECTRONIC DESIGN 17, August 16, 1977
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1. Timing waveforms for a 4-k RAM read/write cycle show relationships needed to calculate the ac component of Ipp.

tionality factor between that frequency and the fre-
quency of interest. This method is valid since the ac
component is directly proportional to the frequency
and is independent of the clock duty cycle.

You can calculate the dec component from the known
values for Ippi, Ippe, Ipps, Ipp4 and the respective
clock duty factors. The calculated average Ipp, then,
is the sum of the calculated components, Ipp(ac)
and Ipp(dc).am
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Want mass terminations

for I/O interconnec
We have the wides

Now Scotchflex brand
DELTA Connectors bring the
proved labor-savings of 3M’s
mass termination system to
subminiature connections.
DELTA series components
include pin and socket
connectors, junction shells,
25-conductor flat cable

and strain relief clips. These
system assemblies interface
directly with all other
industry standard “D’”’ series
subminiature connectors.
They're also compatible
with all connectors in our
complete Scotchflex line.
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A family of Scotchflex

male plug connectors is now
available in sizes from 10 to
50 contacts to mate with
Scotchflex socket connectors
for T-tap or mid-span
connections or rack and
panel applications.

‘“‘Scotchflex” is a registered trademark of 3M Co.

CIRCLE NUMBER 46

INg"
' choice.

Our broad line of Scotchflex
socket connectors includes
a variety of 12 different sizes
and center spacings to fit
standard wrap panels and
custom configurations.
Also offered are Scotchflex
card-edge connectors in sizes
for 20 to 50 conductors.

Only 3M offers you
so wide a choice of mass
terminating flat cable and
system components for fast,
economical assembly of
I/O interconnections between
modules or sub-assemblies
in your equipment designs.
Plus off-the-shelf availability
from experienced distributors,
and the unmatched
experience of the people
who pioneered electronic
mass terminations.

For more information
on Scotchflex products
call 612-733-3350.

Scotchflex
systems

from 3M
The source

See our
catalog in EEM,
COMPANY page 1056
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No. 30 of a Series

How to operate your MPUs at
2Xx their rated power...
or 1/2 their case temperature.

Unique new Micro-Clip heat sinks
permit MPU operation in
much hotter environments
Time was when micro- J
processors posed no thermal
problems for designers.
That’s because earlier
MPUs required very little
power — up to 250 mw or
maybe %4 watt at most. Then, too,
designers usually spec’d only one to
a circuit board. Surrounded by plenty
of air, the lonely MPU did its job without
generating much heat. So nobody worried
much about heat dissipation.

Today’s reality:
serious MPU thermal problems

Today, designers are specing many MPUs
on the same board. And these boards often
must operate in military-type environ-
ments where ambient temperatures reach
71°C. Also, today’s MPUs do more and,
therefore, generate much more heat than
earlier models. For example, they often
function as both the arithmetic logic unit
and the control section of a computer.
These factors combine to cause serious
thermal problems. Coping with these prob-
lems has become an increasingly important

part of a circuit designer’s job.

IERC finds efficient solution

To solve growing MPU thermal prob-
lems, IERC recently introduced its two-
piece “Micro-Clip” series of heat dissipa-
tors. These units adjust to fit all double
DIP, CMOS, MOS-FET, and microproces-
sor packages within the 20- to 40-pin range.

As the adjacent drawing shows, the
Micro-Clip’s unique
spring-finger design
lets the dissipator
make good, solid
contact with both the top
and bottom of the MPU,

\\\\f

L7772 A

assuring efficient

heat transfer from case
to dissipator. Tests show these units dissi-
pate up to 100 percent more heat than
conventional glued-down devices.

Staggered-finger design also assures
more efficient heat dissipation

Micro-Clip series dissipators capitalize
on IERC’s patented staggered finger de-
sign. Heat radiates to the ambient, never
transfers from one finger to another. In
forced air modes, the staggered fingers
maximize turbulence, further increasing
heat transfer efficiency. Three finger heights
are available —
V4 in., Y2 in., and
3% in. — to meet
varying space and
dissipation
requirements.
Micro-Clip dissipa-
tors weigh only 4
grams and require
only .6 in. * more

Um'que spring-finger design
helps assure efficient
heat transfer.

CIRCLE NUMBER 47
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board space than the IC device itself. So
board densities and spacing between
rows of, for example,
double DIPs and CMOSs
are unaffected.

Stocking problems
greatly reduced
Designed to (1) meet an

infinite number of application

needs and (2) fit an entire range
of package sizes, Micro-Clip dis-
sipators greatly simplify a user’s
stocking problems. This benefit
appeals especially to companies
with high-volume manufacturing
operations.

Easy to attach

Only two screws or rivets or dots of
thermally conductive epoxy are needed to
fasten Micro-Clip dissipators securely into
position. Mounting Micro-Clip units to
MPUs already mounted to boards requires
no disassembly.

MMI 6340-1J EPROM in APICOS50B (12")

[&] 3
~5 oo‘y
8 & Y
E 40 \369. V\ﬁ,ﬁG‘L
2 D 0‘55'/
3 / S~ o
£ ¥
g 2 with DS ge
® ”~ / - FPM |
& é_// WinDiss: oo>
g 1.0 2.0

Device Power (Watts)

To learn more about how IERC’s Micro-
Clip series can help you solve your heat
dissipation problems, write or call today.
Ask for Bulletin 186. International Elec-
tronic Research Corporation/A subsidiary
of Dynamics Corporation of America/
135 West Magnolia Blvd., Burbank, Cali-
fornia 91502 - (213) 849-2481.

IERC |==

Heat Sinks/Dissipators

81




Technology

Microprocessor Basics: Part 18

Cut your processor’s computation time
by storing information in tables. Accessing a table can
take less time than doing an algorithm but you'll use memory space.

Tables can speed microprocessor operations such as
converting codes, doing look-up calculations and pro-
viding messages or test patterns. The main advantage
of using a table is that you don’t have to calculate
answers or deal with each case separately. Micro-
processors can easily handle tables since they have
special instructions and addressing modes to access
them.

Note, however, that tables don’t save time if there
is a simple relationship between input and desired
output, e.g., the output is twice the input. Nor is the
table useful if there is an easy way to directly perform
the calculation. When using a table, you must be
willing to trade off memory space for speed.

Tables themselves are just simple lists of data that
are stored sequentially in a memory array. A tele-
phone directory is a good example of an alphabetical
read-only table. Variable tables stored in RAM allow
the system user to assign meanings to inputs and to
determine sequences of tests or output patterns. Some
function generators even use ROMs that hold the

Dr. Lance A. Leventhal, Instructor, Engineering and Tech-
nology Dept., Grossmont College, 8800 Grossmont Col-
lege Dr., El Cajon, CA 92020.

Digit Seven-Segment Code

(Common-cathode) (Common-anode)
1=Display on

2 B 0 3F 40

1 06 79

|f b 2 5B 24

9 3 4F 30

4 66 19

e Ic 12} 6D 12

d 6 7D 02

AR 7 07 78

8 7F 00

9 6F 10

The table contains the codes in hexédecimal with the most
significant bit always O, followed by the bits for segments
g f, e d, c, b, and a in that order.

1. Converting decimal inputs into seven-segment drive
signals requires a simple table with a separate entry for
each decimal number (a). An easy three-step procedure
is all that's needed to access the table (b). Assembly-
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O=Display on

INDEX =DIGIT
BASE = STARTING ADDRESS OF TABLE

|

: l POINTER = BASE + INDEX j
|

[ CODE =(POINTER) |

Assume the table is:

MEMORY MEMORY
ADDRESS ~ CONTENTS
(HEX) (HEX)
1000 3F
1001 06
1002 5B
1003 4F
1004 66
1005 6D
1006 7D
1007 07
1008 7E
1009 6F
If DIGIT = 4, the process is
STEP 1) BASE = 1000
INDEX =4
STEP 2) POINTER = BASE + INDEX
@ = 1004
STEP 3) CODE = (POINTER)
= (1004) = 66
LDA DIGIT :GET DECIMAL DIGIT
MOV L, A :MAKE DIGIT INTO 16-BIT INDEX
MVI H, @
LXI D, SSEG ;GET STARTING ADDRESS OF 7-

SEGMENT TABLE

DAD D /INDEX TABLE
MOV A, M ;GET 7-SEGMENT CODE
STA SCODE
HLT ©
@ LDX #SSEG GET STARTING ADDRESS
: OF 7-SEGMENT TABLE
LDAA DIGIT GET DECIMAL DIGIT
INDX  BNE SRTAB GET ELEMENT IF IN-
CREMENTING DONE
INX INDEX TABLE ONE ELE-
MENT AT A TIME
DECA
BRA INDX
SRTAB LDAA X GET 7-SEGMENT CODE
STAA SCODE
WAI

language programs for the 8080 (c) and the 6800 (d and
e) require less than 10 lines of code. Note that # indicates
“immediate” and X means ‘‘indexed” on the 6800 as-
sembler. Also, 0, X can be abbreviated to just X.

ELECTRONIC DESIGN 17, August 16, 1977



envelope values of a sine wave and generate waveform
outputs by reading out the tabular information in
cycles. A processor can also form a variable table much
as it forms any other data array. (For more about data-
array handling, see reference 1).

Besides mathematical data and standard codes,
tables can contain starting addresses for programs.
Such tables are very useful for performing special
program operations by interpreting a coded input
from akeyboard as a starting address for a subroutine.
An obvious task for a table, though, is to perform a
code conversion when no simple relationship exists
between input and output.

A simple code conversion problem

A common output task for a uP is to convert a
decimal digit to a seven-segment display code. The
code table for the display can be set up for common-
anode or common cathode LED displays very easily
(Fig. 1a). However, before the table is used, some
questions must be answered:

s Where does the table start?

= How is the table organized?

s Which entry do you want?

In this simple conversion, the table is short and
entries are in consecutive order, from 0 to 9. To use
the table, you must obtain its starting address, add
the entry number (the decimal number to be con-
verted), and use the resulting address as a pointer.!

Most minicomputers and some uPs can get an
answer from a table with a single instruction by using
indexed addressing.? In indexed addressing, the start-
ing address of the table is part of the instruction and
the entry number or index is in an index register. The
processor adds the two together and uses that address
to get the data (Fig. 1b). But since neither the 8080
nor the 6800 has true indexing capability, the pro-
cedure takes several instructions instead of just one.

The 8080° program to convert the code uses register-
indirect addressing where the address of the data is
in registers H and L of the 8080. A Double Add
instruction (DAD) can do the indexing by adding the
contents of another register pair to the H and L
registers.

The assembly-language program to do the table
accessing is shown in Fig. le. The program must
extend the 8-bit data into a 16-bit number before

LDAA #SSEGM GET MSBs OF STARTING AD-

DRESS
STAA TEMP
LDAA DIGIT GET DECIMAL DIGIT
STAA TEMP+1
LDX TEMP ~ MOVE OFFSET ADDRESS TO IN-

DEX REGISTER
LDAA  SSEGL,X GET 7-SEGMENT CODE
STAA SCODE

WAI @

ELECTRONIC DESIGN 17, August 16, 1977

LDA DIGIT ;GET DECIMAL DIGIT

ADI #SSEGL  ;INDEX LSBs OF 7-SEGMENT
TABLE

MOV L, A

MVI H, SSEGM ;GET MSBs OF 7-SEGMENT
TABLE

MOV A, M ;GET 7-SEGMENT CODE

STA SCODE

HLT @

LDA DIGIT ;GET DECIMAL DIGIT

MOV L, A ;USE AS LSBs OF ADDRESS

MvI H, SSEGM ;GET MSBs OF 7-SEGMENT
TABLE

MOV A M ;GET 7-SEGMENT CODE
STA SCODE
HLT

®

2. Handling a table can be simplified by keeping the entire
table on one 256 word page (a) or by starting the table
at the beginning of a page (b).

adding it to the base address (SSEG) of the table.

Accessing a table with a 6800 uP requires that its
so-called indexing mode be used, but this takes some
effort.® You actually have two alternatives:

s Increment the index register the appropriate
number of times (see program Fig. 1d).

s Place the data and the eight most significant bits
(MSBs) of the starting address in the index register
and use the eight least significant bits (LSBs) of the
starting address as the offset in the instruction (see
Fig. 1le).

The transfer through memory is awkward, but
necessary for the 6800 since there is no other way to
move data from the 8-bit accumulator to the 16-bit
index register. The 16-bit index register must hold
eight bits of the starting address and eight bits of the
index since the 6800 only uses an 8-bit offset with the
instruction. (Remember, the instruction is typically
in ROM so the data can’t be part of it.) However, since
the 6800 adds the offset to the contents of the index
register as part of the normal addressing procedure,
no explicit addition instruction is necessary.

The 8080’s program can be simplified by placing the
table so that it’s all on one page (a page is a 256 word
section of memory in which the eight MSBs of all
addresses are the same.) Thus there are never any
carries into the MSBs from the starting address to
the indexed address. For example, the decimal-to-
seven-segment table could occupy memory addresses
EQ34 to E@3D. In general, if the table starts at an
address given by SSEGM (eight MSBs) and SSEGL
(eight LSBs) and it is contained on a single page, the
conversion program simplifies to the extent shown in
Fig. 2a.

The program can be made even simpler (Fig. 2b)
if the table starts at an address that is an even multiple
of @10@ . Then SSEGL = 0, and addition is unneces-
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sary. However, the total program savings is small
compared to the size of the table; the more general
approach shown in Fig. lc permits the table to be
placed anywhere in memory.

Indeed, if you want, assembler pseudo-operations
can place a table at the beginning of a page—but look
out for problems if the table has to be moved or
expanded beyond the page. Also, you may have to
waste memory to keep the table in the proper place
and avoid overlapping with other programs.

The 6800, on the other hand, does indexing as part
of its normal instruction execution. Nothing is saved
by aligning tables. Even if the offset value is zero,
the 6800 has to store the offset in program memory
and add it to the index register. Page boundaries are
automatically handled because even though the offset
is only eight bits long, the indexing is a 16-bit operation
with carry. However, all 6800 indexing operations take
extra cycles because the ALU is just eight bits long.

Other uPs also handle tables

Other processors have their own ways of accessing
tables. For instance, the F8 uP5 uses a Load DC
Immediate (DCI) instruction to place a 16-bit starting
address in the data counter (DC), an Add to Data
Counter (ADC) instruction to add the contents of the

IENAL
TVARNE

d
The codes are organized as follows:
most significant byte = 00nmlkji
least significant byte = hgfedcba
1 = light on, 0 = light off.

14 Segment code table
HEXADECIMAL CODE
DIGIT (HEXADECIMAL)

003F
0440
111B
110F
1126
112D
113D
0007
113F
1127
1137
054F
0039
044F
1139
1131

MMOOWPOONOOOEWN= O

©

3. When each table entry requires more than one byte,
as with this 14-segment display example (a), an extra
operation must be added to the program flow chart (b).
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START

INDEX=2 - DIGIT
BASE = STARTING ADDRESS OF TABLE

1

B POINTER = BASE + INDEX |

|

LSCODE =(POINTER) "
MSCODE = (POINTER+1)

*The Intel 8080 generally stores 16-bit numbers or ad-
dresses with the LSBs first while the Motorola 6800 stores
them with the MSBs first. LSCODE and MSCODE are thus
reversed in 6800 memory.

(For the 8080)
Assume the table is:

MEMORY MEMORY
ADDRESS CONTENTS
(HEX) (HEX)
1000 3F
1001 00
1002 40
1003 04
1004 1B
1005 11
1006 OF
1007 11
1008 26
1009 11
100A 2D
100B (s
100C 3D
100D 11
100E 07
100F 00
1010 3F
1011 11
1012 27
1013 |
1014 37
1015 11
1016 4F
1017 05
1018 39
1019 00
101A 4F
101B 04
101C 39
101D il
101E 31
101F 11
If DIGIT = 9, the process is:
STEP 1) BASE = 1000
INDEX = 9.2 = 18 (decimal)
= 12 (hex)
STEP 2) POINTER = BASZE + INDEX
=101
STEP 3) LSCODE = (POINTER)
= (1012)
=27
MSCODE = (POINTER + 1)
= (1013)
=11

®

Both the 8080 (c) and the 6800 (d) programs have to
multiply the input hexadecimal digit by two to get the
index so the character can be located.

ELECTRONIC DESIGN 17, August 16, 1977



4. Tables can also hold message addresses, where each
message is stored as a string of character codes and ends

5. The error-handling routines for both the 8080 (a) and
the 6800 (b) are single subroutines that print all the error
messages. When the main program (c) detects an error
it loads the accumulator with the appropriate code and
forces the processor to execute the subroutine.

accumulator to the data counter (a 16-bit operation
with carry) and a Load Memory (LM) command to
load the accumulator with the contents of the memory
location specified by the data counter.

On the 2650 uP¢ instruction LODA R® BASE, RO
loads register R@ with the contents of the address
BASE plus the old contents of R@. Therefore, the 2650
can perform indexing with a single instruction. For
the 6502 uP, indexing is done by the instruction LDA

ELECTRONIC DESIGN 17, August 16, 1977

e R e
| BASE= STARTING ADDRESS OF TABLE.

with a carriage return (a). The program flow chart now
has to detect the end of message code (b).




BASE, X, which loads the accumulator with the
contents of address BASE plus the contents of index
register X. BASE is a complete 16-bit address stored
in two words of program memory, while X is an 8-
bit index register.

The table example in Fig. 1 assumes that each entry
only occupies one byte. However, when entries require
more than one byte, programming gets a little more
complex: The program must multiply the data by the
number of bytes per entry to get the correct index.
Then the program must fetch all the bytes of the entry.

For example, assume the table output drives a 14-
segment display (Fig. 3a). A flow chart for the
program as well as an example are shown in Fig. 3b.
The 8080’s program has only a few changes from the
seven-segment program: two bytes of data are used
for each entry and the hexadecimal digit must be
multiplied by two to get the index. To do the multi-
plication, add the data to the data (Fig. 3c). The 6300
program is similar, except that all 16 bits of the answer
can be fetched with a single Load Index Register (LDX)
instruction. An arithmetic left shift does the multi-
plication by two (Fig. 3d).

Tables can contain addresses, too

Tables can contain more than just data. An error
routine, for example, can use a table to find the
starting point of an operator message from a code in
the accumulator. This single error routine can thus
print the code and the error message for all possible

6. Even keyboard inputs can be handled by a table (a)
since each key closure can be made to generate an index,
which directs the processor to a particular subroutine.
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errors (Fig. 4a). Furthermore, you can easily add more
error messages by expanding the table. The programs
are similar to the previous examples except that the
entry from the table is the starting address for the
output routine (see the flow chart in Fig. 4b). Re-
member that addresses are 16 bits long.

Both the 8080 and 6800 programs (Fig. 5a and b)
print the error message ending with a carriage return
(SEND is an output routine for one character). The
main programs for both the 8080 and 6800 place the
code in the accumulator and call the error routine (Fig.
5c).

The same technique can be used to interpret switch
closures. Assume that a keyboard contains a numeric
keypad and function keys similar to a calculator
keyboard (F'ig. 6a). An encoder or PROM can translate
each key closure into a unique code, 0 to 9 for the
digit keys and 10 on for the function keys. Here, a
table organized as in Fig. 6b will do the job. The
program, shown in flow-chart form in Fig. 7a, per-
forms the following steps:

Step 1: Fetch keyboard data.

Step 2: If key number is less than 10, the key is
a digit, so go to Digit routine.

Step 3: Otherwise, use key number to access the
table of subroutines. The index is 2 X (key number
minus 10), since each entry is 2 bytes long.

Step 4: Transfer control to the proper subroutine
by jumping to the address obtained from the table.

The 8080 program uses PCHL, an indirect jump that
transfers the contents of registers H and L to the
program counter (Fig. 7b). The 6300 program uses an
indirect jump to the address in the index register (Fig.
7c). Remember that the 6800 has no separate 1/0
instructions, so LDAA PIADRA is equivalent to IN
KBD on the 8080. Even though the 6800 indexes
awkwardly, it can fetch the 16-bit address with a
single instruction. An actual example is shown in Fig.
7d. Note how easy it is to add more function keys—
all you have to do is write the new function subroutine
and place it in program memory. Then place the
starting address of the function subroutine in the
jump table, and wire the new key so that it produces
the correct input.

A similar procedure can interpret single-letter com-
mands from a full alphanumeric keyboard (Fig. 8).
The only difference is that to index the table, you must
subtract the internal representation of A from the
character-coded input. Undefined letters can simply
cause a jump to a reset or error routine. Adding extra
commands won’t change the keyboard program. All
you have to do is place the address of the new
subroutine—instead of the error-routine address—in
the table.

Implement equations in tables, too

Tables can do still more. Say you have an analog
input to interpret or an output to produce or a
trigonometrie function, logarithm, or exponential to
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7. To handle keyboard inputs, the processor must make
a decision and determine whether the key pressed is a
number or a function (a). Both the 8080 (b) and the 6800
(c) can handle the task, as shown by these simple pro-
grams. An example, using one of the table entries, is also
shown.

ELECTRONIC DESIGN 17, August 16, 1977

INDEX =2 - (KEY-'A")

- BASE = STARTING ADDRESS OF KEY TABLE

POINTER = BASE + INDEX

PROGRAM COUNTER = (POINTER) (POINTER+1) |

8. A more complex keyboard can also be handled by the
processor. Just expand the table of look-up functions and
allow enough space in memory.
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ENTRY = DATA
POINTER = END OF TABLE
COUNTER = LENGTH OF TABLE

[ POINTER = POINTER-I COUNTER=COUNTER-| ]

NO IS
- COUNTER
or

YES §
| RESULT = COUNTER~| 1

For example, if the data is 6D, the program would search
through the memory starting in location 1009 (see Figure
2) and ending when it finds the code in location 1005. The
backward search is convenient since the counter is always
one more than the index.

The 8080 program is: @

Xt H
SSEGE ;POINTER = END OF TABLE

MVI B, 10 ;COUNTER = LENGTH OF
TABLE
LDA DATA ;GET DATA
SRTAB: CMP M ;IS DATA = TABLE ENTRY?
JZ DONE ;YES, DONE
DCX H ;NO, GO TO NEXT ENTRY IF
ONE EXISTS
DCR B
JNZ SRTAB
DONE: DCR B ;RESULT = COUNTER -1
HLT

The 6800 program is:
LDX #SSEGE POINTER = END OF TABLE

LDAB #10 COUNTER = LENGTH OF
TABLE
LDAA DATA GET DATA
SRTAB CMPA X IS DATA = TABLE ENTRY?
BEQ DONE YES, DONE
DEX NO, GO TO NEXT ENTRY IF
ONE EXISTS
DECB
BNE SRTAB
DONE DECB RESULT = COUNTER -1
WAI

9. A table can also be searched to find the index cor-
responding to an entry (a) by scanning all the table entries
until the desired one is found and reading out the location.
Both the 8080 and 6800 programs for this job (b) require
less than a dozen lines of code.

evaluate. To solve these problems, you can find a
functional relationship in an engineering manual or
a book of algorithms. Or you can simply use a table.

For an analog input or output, the table is often
a calibration table. To handle an input, the calibration
table contains the actual reading that corresponds to
the input data. To handle an output, the calibration
table contains the data required to produce that result.
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INTEL éoso : :
SSEG: DB  3FH, O06H, 5BH, 4FH, 66H
' DB  6DH, 7DH, O7H, 7FH, 6FH

MOTOROLA 6800 - \ »
SSEG FCB $3F, $06, $5B, $4F, $66
" FGB'" $6D; $7D, 307, $7F, $6F

For the 14 segment table the,psgud’o—o‘ps are:

SSEG: DW 003FH, 044QH, 111BH, 110FH

DW 1126H, 112DH, 113DH, 0007H
DW 113FH, 1127H, 1137H, 054FH
DW  0039H, 044FH, 1139H, 1131H
MOTOROLA 6800 ; O
SSEG FDB $003F, $0440, $111B, $110F
FDB $1126, $112D, $113D, $0007
FDB ~ $113F, $1127, $1137, $054F
FDB $0039, $044F, $1139, $1131
10. To actually store the tables in memory, you can use
pseudo-ops if you're working with an assembler. For the
examples used in Fig. 1 and Fig. 3, the required pseudo-
ops are shown in (a) and (b), respectively. Note that the
8080 assembler uses a final H to indicate hexadecimal
notation while the 6800 assembler uses an initial $.

The table must store all the possible results, so if the
input and output are both 8 bits long, 256 8-bit words
are required. In more concrete terms, that amount of
memory translates to one 1702 PROM or one-quarter
of a 2708 PROM.

Of course, not all tables are organized in a simple
consecutive order. Perhaps only a few inputs will ever
occur. But you can get the right entry from the table
without first having to store a lot of entries.

In simple cases, searching through a table for the
data will do the job. Often, you can check data against
each entry in the table until you find a match. The
answer will be the index of the matching entry. For
example, you can use the table from Fig. 1 in reverse
to convert a seven-segment code to a decimal digit (the
seven-segment code might be an output from a calcu-
lator chip). If the code is in the table, the answer will
be the digit. If not, the answer will be —1. The
procedure, flow-charted in Fig. 9a, boils down to:
Step 1: Initialization

Pointer = End of table

Counter = Length of table
Step 2: Search table

If (Pointer) = Data, go to step 4.

Step 3: Decision and loop

Pointer = Pointer —1

Counter = Counter —1

If Counter = 0, go to Step 2.

Step 4:

Result = Counter —1

Of course, if the table is long, this procedure is slow;
it’s like looking up a telephone number by starting
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at the front of the book and checking every name. For
long tables, some better search procedures include

s A binary search, which checks the halfway point

of an ordered table, determines which half of the table

the entry is in, then halves the correct half, and so |

on. The procedure is much like that used by a
successive-approximation analog-to-digital converter.
s Two-level indexing, whose first level gives you a
starting point much as the letter tabs in a dictionary
do, while the second level provides the exact location.
s Hashing, whereby you derive a starting point
from the data by using some kind of function.”#

One problem remains—how to store the tables in
memory. Most assemblers have a pseudo-operation
(often called DATA) to do this. Microprocessor as-
semblers, in fact, usually have two pseudo-operations,
one for 8-bit data and one for 16-bit addresses. The
Intel 8080 pseudo-ops are DEFINE BYTE (DB) and
DEFINE WORD (DW). The Motorola 6800 pseudo-
operations are FORM CONSTANT BYTE (FCB) and
FORM DOUBLE CONSTANT BYTE (FDB). The re-
quired pseudo-ops to place the seven-segment and the
14-segment tables in memory are shown in Fig. 10a
and 10b, respectively.

As mentioned earlier, you can often simplify table-
accessing programs by aligning the tables so that they
start at the beginning of a page, e.g.:

SSEG EQU 1300H (for the 8080), or

SSEG EQU $1300 (for the 6800)

Then the program needn’t consider carries into the
more significant digits when performing the indexing.
If you want to be able to vary the page number, try
either of the following routines:

For the 8080

TPAGE EQU 25H

TBASE EQU TPAGE *256
For the 6800

TPAGE EQU $25

TBASE EQU TPAGE *256

The 256, of course, is 28, and multiplying by it moves
the page number to the eight MSBs. Now you can
assign the table to a particular page by giving TPAGE
a value before assembling the program.uss
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The Cube
widens the gap...

In Power-Ferrite EC cores for switching power supply chokes

Now available from Ferroxcube are stan-
dardized gapped EC cores in four sizes: 35,
41, 52 and 70 mm. The gap lengths have
been optimized to prevent saturation of
the core due to a high DC field while
simultaneously providing maximum im-
pedance to the AC ripple current.

FEHHU)(CLBE Division of Amperex Electronic Corporation,
Saugerties, New York 12477 (914) 246-2811

A North American Philips Company

For worst case DC bias, two gapped
cores should be used. Under less stringent
conditions, one gapped and one un-
gapped core in combination may be
used. The chart below shows the DC am-
pere-turns which can be supported for
both 2-gapped and gapped/ungapped
combinations that will not decrease in-
cremental permeability more than 10%.

2 Gapped 1 Gapped + 1
EC Core Cores Ungapped Core
35 mm 325 AT 200 AT
41 mm 370 AT 220 AT
52 mm 540 AT 330 AT
70 mm 860 AT 570 AT

For complete specifications on gapped
EC cores, bobbins and hardware, call on
The Cube.

CIRCLE NUMBER 49
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Overprotection
can affect a CMOS swiich
for life.

AD7510D! Series Output Switch Diode Equivalent Circuit

VDD
+15V

P CHANNEL

N CHANNEL

But not Analog
Devices’ AD7510 family
of DI CMOS analog
switches. They belong to
a whole new generation.
With positive overvoltage pro-
tection, but without any inhibi-
tion on performance.

We accomplished it through
a unique design, utilizing “on-
chip” resistors in series with
the power supply. It provides as

much as £25V overvoltage protection. But the resistors

only switch in when an overvoltage condition
occurs. So normal performance never suffers.
And you get both the main assets of an analog
switch: a low “ON” resistance of 75{) and a low
leakage current of 400pA.

The equivalent circuit of the output switch
element shows that, indeed, the 1 k{) limiting
resistors are in series with the back-gates of
the P- and N-channel output devices —not in
series with the signal path between the S and
D terminals.

1<

1

1k
This design, com-
—15V bined with our di-
Vss electrically-isolated

CMOS fabrication
process, prevents
latch-up. And allows TTL/
CMOS direct interfacing.
We also included two
other measures of secur-
ity. Silicon nitride passi-
vation to ensure long
term stability and mono-
lithic construction for reliability.
Now when it comes to protecting
CMOS switches so they can survive in the real
world, Analog Devices knows best. Write for our
8-page technical bulletin on the entire family of
DI CMOS protected analog switches, to Analog
Devices, the real company in precision measure-
ment and control.

ANALOG
DEVICES

The real CMOS switch company

Analog Devices, Inc., Box 280, Norwood, Massachusetts 02062. East Coast: (617) 3294700, Midwest: (312) 894-3300, West Coast: (213) 595-1783, Texas: (214) 231-5094.
Belgium: 03 3827 07, Denmark: 97 95 99, England: 01/94 10466, France: 686-7760, Germany: 089/53 03 19, Japan: 03/26 36 826, Holland: 076-879251 Switzerland: (22/319704 and
representatives around the world.
CIRCLE NUMBER 50
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Technology

Simplify analog/computer interfacing.
Choose the data-acquisition configuration that's best for
your system, then use the right analog-to-digital converter.

The choice of configuration for your data-acquisi-
tion system can influence your choice of a/d con-
verters, and it can influence system speed, accuracy,
data latency, power and dollars. There are three
important data-acquisition configurations.

In the multiplexed random-channel-addressed con-
figuration (Fig. 1a), multiplexed analog switches de-
liver one sensor’s signal at a time to a sample-and-
hold (s/h) circuit. This looks at and stores the momen-
tary value of the signal for digitizing.

In the parallel-conversion system (Fig. 1b), each
analog channel has a dedicated a/d converter. And
in the multiplexed-with-memory system (Fig. 1¢), the
inputs are multiplexed, as in a multiplexed random-
addressed system; while the outputs, after they are
digitized, are all stored for immediate access.

Converters are more than just a/d

The multiplexed random-channel-addressed system
boasts advantages of simplicity, straightforward de-
sign and low cost. Such a system then operates in the
Command mode and so the computer waits for data
once a conversion starts.

The operating sequence for the Command mode is:

s The computer addresses a specific channel.

= The analog multiplexer (MUX) selects the desired
channel.

s An s/h circuit acquires and holds the analog
signal.

= An a/d converter digitizes the signal and returns
a Ready signal to the computer after the data are
presented to the data bus via three-state bus drivers.

Unfortunately, when the acquisition system oper-
ates in the Command mode, the computer must enter
a Wait mode while the data are readied; or proceed
with its assigned task, watch for a Data Ready flag,
and return for the data. All this takes up processor
time.

A microprocessor wastes less time when it accesses
input data as it would memory.' In addition, when
input-data and main-memory access times are equal,

Jim Sherwin, Data-Acquisition Applications Manager, Na-
tional Semiconductor, 2900 Semiconductor Dr., Santa
Clara, CA 95051
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waiting for data is eliminated. So some systems make
conversions in parallel. On each input-data channel,
these parallel systems use one a/d converter contain-
ing three-state output-data latches.

Fig. 1b shows such a parallel-conversion system
containing only an address decoder and multiple a/d
converters, with all outputs wired in parallel onto the
data bus. This system doesn’t use s/h circuitry. The
ideal converter package for this system would include
buffered three-state output-data latches in addition
to the a/d converter.

The system should convert continuously. Data from
the last conversion should remain in the output latches
until the next completed conversion transfers its data
into the latches. Latest valid data are thus always
available for readout on the data bus, except for the
brief period when the data are updated. In contrast,
a converter without buffered output latches does not
hold data after a Start Conversion signal.

Converter prices are coming down

Though parallel conversion provides simple and
immediate data access, the cost of one a/d converter
per channel has, in the past, been a heavy burden.
However, the low cost of many monolithic and even
some hybrid a/d converters now make parallel con-
version practical. Furthermore, the downward trend
for converter prices should continue as more
monolithic units are released.

At present a/d converter prices, however, one can
get immediate access, particularly for 12-bit data at
a lower cost than that of parallel conversion. The
multiplexed system with memory, Fig. 1c, interfaces
to a computer in the Memory Access mode—without
any waiting period.

One particular system with memory features a
dedicated, on-card, 16 X 12-bit RAM that supplants
buffered output latches. One can, of course, replace
the RAM with main-memory locations, but writing
into memory then uses valuable machine time. With
the dedicated RAM, the latest data are available in
the acquisition system and the processor software is
simplified.

But cost and simple software aren’t the only con-
siderations. There is, of course, the matter of data
bandwidth. The bandwidth of a sampled-data system
is limited by Shannon’s sampling criterion and prac-
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1. Random-addressed multiplexed systems make com-
puters wait while the lone a/d converter processes the
selected input channel (a). Parallel-conversion systems (b)
process each input channel with a dedicated converter
and so eliminate an error source—the analog multiplexer.
In the multiplexed system with memory (c) a RAM stores
the converted data from the single a/d unit and so the
computer has immediate access to any channel. Data-
bandwidth curves for 8 to 14-bit systems, with and without
s/h, indicate that parallel-conversion systems without s/h
can process only low-bandwidth data.
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tical considerations to, say, one-fifth of the reciprocal
of the conversion time. For example, a data bandwidth
of about 4 kHz results from a 50-us conversion cycle.

Without s/h, conversion must be fast

In a system where there is no s/h, as in parallel-
conversion, digitizing must take place within the time
it takes the input signal to change by +1/2 LSB or
by one part in 2n+1, where n is the resolution in bits.
The data bandwidth for a sine wave is 2 (n+1) divided
by the conversion time. For the same 50-us conversion
cycle as in the sampled-data system and an 8 bit
accuracy requirement of +1/2 LSB, the unsampled-
data bandwidth is 12 Hz. Data bandwidths for 8 to
14-bit systems with and without s/h are compared
in Fig. 1d.

Adding an s/h module in front of each converter
in a parallel-conversion system can easily double the
cost per channel of an 8-bit system. The cost also
climbs when conversion speed increases significantly,
except with tracking converters.

With a system that can afford to go into a Wait
mode after it requests data, a random-accessed system
costs less than any other. The waiting period can be
as short as 10 to 20 us with fast s/h and a/d circuits,
but these are expensive.

Lower-cost systems can prolong the waiting period
to 100 to 200 us. With complex software, the computer
can remain busy during the conversion cycle, and
return when the data are ready.

The curves in Fig. 1d show that system sampling
each channel every 20 ms can process 16 channels of
10-Hz data. This is a data-throughput rate of 16
divided by 20 ms—which is 800 Hz. The higher cost
systems of this type are capable of 50 to 100-kHz
throughput rates.

Parallel-conversion systems without s/h circuits
can process only low bandwidths (Fig. 4). Parallel
conversion uses many converters, so it’s advisable to
avoid expensive ones. That leaves only 8 or 10-bit
successive-approximation-register (SAR) converters
or 12-bit integrating monolithic converters. Cost
alone, then, limits parallel-conversion systems to 10
to 30 Hz for 8 bits, 2 to 5 Hz for 10 bits, and lower
than 1 Hz for 12 bits. Replacing SARs with tracking
converters can raise bandwidths of 8 and 10-bit
systems by 8 to 10 times.

Unlike the situation in parallel-conversion systems,
in multiplexed systems with memory, the bandwidths
and data-throughput rates are mainly limited by s/h
and converter operating times. At only a slightly
higher cost per channel than even a random-addressed
system, the system with memory lets the computer
operate efficiently.

Consider all the costs

To be valid, cost and performance comparisons for
the three types of acquisition systems must include
all the required hardware and even the software. With
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2. Three-state outputs and address-LSB compatibility of
the Select inputs, allow the quad two-input MUX units to
easily split the 12-bit data from the a/d converter into two
bytes for the microprocessor's data bus.

16 channels, a random-addressed multiplexed system
uses an a/d converter, an s/h module, a 16-channel
multiplexer, complex control circuits, complex soft-
ware, and 16 anti-aliasing filters. (Anti-aliasing filters
are low-pass devices that prevent frequency-folding
or aliasing errors caused by sampling rates too low
for the data bandwidth.) Access to the data is slow.

Parallel conversion for 16 channels requires 16 a/d
converters, 16 anti-aliasing filters, simple control
circuits, power for the converters and simple software.
The data bandwidth is low, however. A 16-channel
multiplexed system with memory takes an a/d con-
verter, an s/h module, a 16-channel multiplexer, 16
anti-aliasing filters, a 16-word by 12-bit-per-word
RAM, complex control circuits and simple software.
Access to data, via the memory, is fast.

Fig. 2 shows an 8080-compatible, random-ad-
dressed, 16-channel, 12-bit system. The analog section
contains a 16-channel analog multiplexer, an s/h block
and a 12-bit a/d converter. Before the s/h block, the
multiplexer might be a differential type and differen-
tial or even instrumentation amplifiers could be useful
to simplify system integration.

The data-output circuits can interface directly to
an 8-bit data bus, like those of the 8080 and 6800
microprocessors. An 8-bit uP must accept the 12-bit
data word in two 8-bit bytes. Since a processor usually
accesses a 12-bit word with two consecutive addresses
(0 and 1 as LSB), multiplexers like the DM8123 work
well here. They have three-state outputs and the
address LSB can directly drive the Channel Select
input. To interface a 16-bit address bus, such as in
the PACE uC, replace the output multiplexers with
three-state output buffers such as the DM8097. For
a lightly loaded data bus, low-power versions of these
parts provide adequate drive and save power.

Address comparators raise capacity

For address decoding, a 6-bit magnitude comparator
(DM8131 is one type) looks at the six MSBs of the
address. With only these six bits, a single system has
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3. There is no waiting period in the Memory Read cycle
for an 8080 microprocessor interfaced to this 16-channel,
8-bit, parallel-conversion system. The converters can drive
only a lightly loaded bus (