


Introducing the best DC power supply catalog in the world. 
Forty-two informative pages . Specifi­
cations . Drawings . Photos . Prices. 
Three-day shipping guarantee. Or­
ganized for quick selection of the 
best model for your application. In­
cluded are: 

Mini-modules with reg­
ulated single or dual 
outputs . Save space and 

improve reliability by mounting them 
directly on prin ted circuit boards. 
$30 up . 

Standard modules with 
• • ,• r a t i n gs to 3 2 a m p s . 
~ Choose from single and 
;;:;TrJ":' dua l output .regulated 

• models and single out-
put unregulated . $60 up. 

Acopian also offers rack mounting 
power systems, designed to meet 
specific multi -output power needs . 
Shipping time for these fully wired , 
fully tested systems is only 9 days 
from your order . 
$150 up . 
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For your copy of the world's best 
power module catalog, write or call 
Acopian Corp ., Easton , Pa . 18042. 
Phone: ( 215) 258-5441 . The power 
modules you order from it will be 
shipped with (you'll happily agree) 
the world's best tag . . . 



Introducing: "The Portables" from HP 

CJIA.Nfrtfll 
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1 V cal ibrator connected internally.* 

The 1707A-Fastest in Its Class 
If you 're looking for speed in a 

$2000 portable scope, then the new 
dual-channel HP 1707A is your baby. 
It gives you 75 MHz bandwidth (< 4.7 
ns risetime)- more than any other 
scope in its class. And you get 10 
ns I div sweep speed , delayed sweep, 
and 10 mV I div over the full band­
width . With this capability, you can 
measure PL or ECL pulse timing and 
propagation delay. Yet the 1707A 
costs only $1925. 

And, you get this performance in a 
truly portable scope . The 1707A 
weighs only 24 lbs. And it can be 
powered from an internal , recharg­
able battery pack ($200)-or from any 
de source from 11 .5 V to 36 V, as well 
as any standard ac outlet. 

Its low power requirement not only 
allows battery operation -but also 
eliminates the need for fans , or even 
dust-admitting vent holes . And 
although the 1707A is small and light, 
you still get a large 6 x 10 cm CRT 

viewing area-larger than competitive 
scopes. Compare the display bright­
ness, too! 

If you need even more measure­
ment capability, a $125 option gives 
you our " lab package " which in­
cludes mixed sweep , calibrated de­
lay, and external trigger input for 
delayed sweep. It also includes ex­
ternal horizontal input, and cascad­
ing capability at reduced bandwidth . 
(How's that for a bargain?) 

Our new 1700 Series of portable 
scopes begins as low as $1680 - for 
the dual-channel , 35 MHz 1700A 
( < 10 ns risetime) . Add delayed sweep, 
and you 've got our 1701A, for only 
$1800. 

The philosophy behind the 1700 
Series is simple- providing the max­
imum in useful capability per dollar. 
The 1700A, 1701A, and 1707A offer 
wide flexibility, giving you everything 
you need for digital field service 
work . And they won 't cost you a for-
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tune. Compare them with anyone 's 
competitive models- prove to your­
self that the HP 1700's are the best 
values in portable scopes today. 

For further information on " The 
Portables" - HP 's new 1700 Series 
scopes-contact your local HP field 
engineer. Or write Hewlett-Packard , 
Palo Alto , California 94304. In Eu­
rope: 1217 Meyrin-Geneva, Switzer­
land . *Option 020 Shown. HP's lab version of the 
1707A, $2050 . 

Scopes are changing. 
Are you? 



When you don'i: need , 
a cusi:om c~rcu~i: ••• 

AMI, the leader of custom MOS, has a completion 
record of a new circuit every three days. Filling the 
needs of over 650 specific applications. But, 
we don 't stop there. Knowing the need for standard 
products in design, we have engineered, tested 
and put into production reliable lines of devices 
for you to choose from ... If standard products fill 
your needs, we have them. If your needs are 

DYNAMIC SHIFT 
REGISTER 

STATIC SHIFT 
REGISTERS 

PART 
NUMBER 

RD55G 
S1708 
RD63G 
S1724 
S1606 
RD65G 
S1723 
S1705 
S1685 
S1687 
S1701 
S1709 

SP51L 
RS53G 
S1463 
S1670 

RANDOM ACCESS S1509 
MEMORIES s4006 

S2103 

READ ONLY 
MEMORIES 

MULTIPLEXERS 

STANDARD 
LOGIC ARRAYS 

DISCRETES 

S8452 
S8457 

S8539 

S8536 
S6453 
$6502 
ME51L 
S6327 
S6499 
S6501 

MX52D 
MX53C 
MX54C 
MX55C 

UL51l 

Ul52l 

UL53L. 

MX53L 
SP51L 

S1694 

PART 
NUMBER 

DMOlB 

DM026 

DM03B 

DM05A 
DM06A 
DD07K 
DDOBK 
DD09K 
DD10K 
DD11K 
DD12J 
DD13K 
DD15K 
T1368 
T1337 

DESCRIPTION 

Dual 50 
Quad 40 
Triple 66 
Variable 256 
Quad 84 
Single 426 
Dual 256 
Dual 256 
Dual 480 
1000/ 1024 
Dual 512 
FIF08x13 

12 bit Serial/Parallel 
Dual 40 
Dual 64 
Dual 100 

128x 1, 64x 2, 32 x 4 
1024 x 1, Static 
1024 x 1, Dynamic 

256 x 4 
128 x 12 Hollerith 

to ASCII 
128x12ASCll 

to Hollerith 
2048 x 1 
512 x 4 
2~6 x 6 
2240 - 5 output 
2240 - 5 output 
2240 - 7 output 
256 x 10 

6 Channel 
10 Channel 
4 Channel, 50 !1 
4 Channel, 50!1 

Dual FF , 
Dual Exel OR 

Quad 2 NANO 
Expandable 

Quad 2 NOR 
Expandable 

10 Input Expander 
12 bit Serial / 

Parallel 
6 bit Counter I 

Shift Register 

DESCRIPTION 

Dual Matched 
50mw 

Dual Metched 
100mw 

Dual Matched 
150mw 

Dual 
Dual 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Quad 
Quad 

LEADS/PKG . 

10 T05 
12 T08 
10 T05 
14 DIP 
16 DIP 
10 T05 
10 T05 
10 T05 
12 T06 
12 T08 
14 DIP 
24 DIP 

24 DIP 
10 T05 
12 T05 
14 DIP 

26 DIP 
16 DIP 
18 DIP 

28 DIP 

24 DIP 

24 DIP 
24 DIP 
28 DIP 
26 DIP 
26 DIP 
24 DIP 
28 DIP 
40 DIP 

14 FP 
22 FP 
22 FP 
22 FP 

24 DIP 

24 DIP 

24 DIP 
24 DIP 

24 DIP 

40 DIP 

LEADS/PKG. 

6 T05 

6 T05 

6 T05 
B T077 
B T077 
4 T072 
4 T072 
4 T072 
4 T072 
4 T072 
3 T05 
4 T033 
4 T033 

14 FP 
14 DIP 

better filled by a custom circuit ... we'll design it. 
For the full story call or write today to ... 
American Micro-systems Inc., 3800 Homestead 
Road, Santa Clara, California 95051 (408) 246-0330 

1\• 
Ml American Micro-systems, Inc. 

FREQUENCY 
RANGE 

10KHz- 1MHz 
10KHz- 1MHz 
10KHz - 1 MHz 
lOKHz - 1 MHz 
lOKHz - 2MHz 
1KHz - 5MHz 

10KHz - 2MHz 
lOKHz - 1MHz 
10KHz - 2MHz 
10KHz - 2MHz 
10KHz - 2MHz 
10KHz - lOOKHz 

DC - 2MHz 
DC-1MHz 
DC - 3M Hz 
DC- 3MHz 

1.5 MHz 
1.5 MHz 
1.5 MHz 

DC - 200KHz 

DC - 300KHz 

DC - 300KHz 
20KHz-1MHz 
DC - 200KHz 
DC - 1MHz 
DC - lMHz 
DC- 2M Hz 
DC - 300KH z 
DC - 1MHz 

1 - 100KHz 

DC- 2MHz 

DC - 1MHz 

TYPICAL 
NUMBER POWER CLOCK 
OF BITS DISSIPATION LEVELS 

100 
160 
196 

2-257 
336 
426 
512 
512 
960 

1000/ 1024 
1024 

104 

1-12 
80 

128 
200 

128 
1024 
1024 

1024 

1536 

1536 
2048 
2046 
2046 
2240 
2240 
2240 
2560 

12 
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240mw 
200mw 
125mw 
200mw 
200mw 
280mw 
150mw 
300mw 
200mw 
150mw 
250mw 
500mw 

250mw 
150mw 
180mw 
250mw 

300mw 
600mw 
320mw 

500mw 

500mw 

500mw 
400mw 
500mw 
650mw 
300mw 
400mw 
300mw 
650mw 

NA 
NA 
NA 
NA 

60mw 

40mw 

120mw 

250mw 

15mw 

-27V 
+5, -12V 

-27V 
+5, - 12V 
+5, -12V 
+5,-12V 
+5, -12V 
+5, ov 
+5, -12V 
+5, - 12V 
+5, -12V 
+5, - 12V 

-27V 
-27V 

+5, - 12V 
+5, -12V 

+5, -12V 
None 
- 15V 

None 

None 

None 
+5,-12V 

None 
+5, OV 

None 
+5, - 12V 

None 
+5, OV 

NA 
NA 
NA 
NA 

-27V 

-27V 

-27V 

-27V 

GATE 
THRESH­

OLD 

HVT 
LVT 
HVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 
LVT 

HVT 
HVT 
LVT 
LVT 

LVT 
12 * 
SIGATE 

HVT 

12 * 
LVT 
HVT 
LVT 
LVT 
LVT 
HVT 
LVT 

HVT 
HVT 
HVT 
LVT 

HVT 

HVT 

HVT 
HVT 

HVT 

LVT 

RON@ -15V PROTECTION 
TYPICAL 

VGST 

1250 

1250 

1250 
250 
250 
125 
125 
250 
125 
700 

32 
32 
16 

125 
125 

No 

No 

No 
Yes. 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

-4V 

-4V 

-4V 
-4V 
-4V 
-4V 
-4V 
-4V 
-2V 
-4V 
-4V 
-4V 
-2V 
-2V 
-2V 

•11 is a registered trademark of the American Micro-systems, Inc. Ion Implant Process . 
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This Combination 
CORDIP1

" Component Network 

replaces 
this combination. 

--========--- ------.:::;~~ 

Integrated circuit plus 23 discrete resistors, capacito rs, and diodes 

Corning's new CORDIP™ component 
networks take in much of what IC's leave out­
outboard discretes. 

Unlike screened thick/thin film networks, 
CORD IP component networks give you 
custom combinations of discrete resistors, 
capacitors, and diodes in a dual in-line package. 

With combinations of up to 20 com­
ponents in a standard 14-pin package. Up to 23 
in a 16-pin package. 

With virtually unlimited circuit complexity. 
With all inter-connections inside the pretested 
package. 

Which gives you greater reliability and 
fewer production losses. 

Combinations of resistors, capacitors 
and diodes with different tolerances, temperature 
coefficients and ratings are available in one 
package. 

Which makes it possible to give you 
almost any custom combination you specify. 

Large orders or small. 
And we can make prototypes quickly for 

you, with almost any combination you specify. 
CORD IP component networks are 

ready to plug in and are fully compatible with IC 
sequencing and insertion equipment. 

CORD IP component networks. You'll 
save a lot of board space and production costs; 
you'll gain a lot more reliability and flexibility. 

Call or send us your circuit requirements. 
Corning Glass Works, Electronic Products 

Division, Corning, New York 14830. 
(607) 962-4444 Ext. 8684. 

SPECIFICATIONS 
Resistors 

Range 100-150K 

CaQacitors 

10-10,000 pF 

Diodes 
Low 
Signal 

Tolerance from 1 % from 5% 
Silicon 

from 50 ppm + 2% , -10% Pl TC anar 
Ratio >15,000:1 >1,000:l Types 

CORDIP™ COMPONENT NETWORKS 
From 

CORNING 
ELECTRONICS 
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We make components 
for guys who can't 

stand failures. 

Even the coolest and calmest of 
us somehow comes unglued when 
there's a " little" electronics systems 
failure. Because before it's done, 
that little systems failure often be­
comes a big, big systems failure. 
One that takes a long, long time to 
forget. 

But that's where we come in. We 
make resistors and capacitors for 
guys who can't stand failures. Guys 
like your most important customers, 
guys like you. 

We build an extra measure of 
reliability into all our components 
to help you build extra reliability 
into all your systems. 

To be specific, we make tin 
oxide resistors-now including both 
miniature RLR05's and flame 
proofs-and glass and Glass-Kn' 
capacitors. They're the best you can 
get, though they'll cost you no more. 

Resistors for guys 
who can't stand failures-

Take our tin oxide resistors-no 
other resistors can deliver the same 
stability and reliability over life. 
They offer guaranteed moisture 
resistance across all ohmic values, 
for reliability that can' t be matched 
by metal film, wirewounds, carbon 
comps or metal glaze resistors. 

This kind of extra performance 
comes in miniature size, too. Our 

new RLR05 (commercial style C3), 
developed for dense packaging ap­
plications, competes costwise with 
carbon comps. 

Including 
Flame Proof Resistors-

And we lead the field with flame 
proof resistors. Ours will withstand 
overloads in excess of 100 times 
rated power without any trace of 
flame . And because they open rather 
than short under severe overload, 
they provide protection for the rest 
of the system-a vital consideration 
in critical and expensive EDP, tele­
communications, and instrumen-
tation gear. · 

Capacitors for guys 
who can't stand failures-

Or take our glass capacitors. 
The Air Force has confirmed they 
have much better stability and much 
higher insulation resistance than 
the ceramic, mica, and other capac­
itor types tested. That's why our 
glass capacitors have been desi gned 
into so many major aerospace, EDP 
and instrument applications. 

Or our Glass-K"' capacitors­
we developed them to give you the 
volumetric efficiency and economy 
of monolithic ceramic capacitors, 
but with the much improved stabil­
ity and reliability that only a glass 
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dielectric can add. Our Glass-K'"' 
capacitors are now being used in 
pacemaker heart units and in several 
major EDP systems. And these 
Glass-K™ capacitors can now be used 
in BX characteristic applications. 

As you might expect, both our 
resistors and capacitors meet Estab­
lished and High Reliability stand­
ards, such as MIL-R-39017, 
MIL-R-55182, and Minuteman. 

And they'll cost you no more-

And even though you might 
expect to pay a lot more for these 
features, you don't. Because as the 
largest manufacturer of these type 
components, our production volume 
affords us economies that enable us 
to be competitive in price. 

So the next time you're design­
ing a system, design-in an extra 
measure of performance. Reach for 
your CORNING®. resistor and 
capacitor catalogs or look us up in 
EEM. Or write us at: Corning 
Glass Works, Electronic Products 
Division, Corning, New York 14830. 

Then call your local CORNING 
authorized distributor for fast off­
the-shelf delivery. He not only 
stocks components for guys who are 
demanding, but he offers service to 

match, too. C ORNING 
ELECTRONICS 
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SAVE 
$$$ 

GAIN 
performance 

over any other 50-M Hz, 
plug-in oscilloscope. 

5
D-MHz OSCi~~~~~~~~ .:~~~~ delaying sweep . . . $ 2 2 Q Q 

5-mV dual-trace amplifier and single time base . . . .. . . . . 19 0 0 
5-mV single-trace amplifier and single time base . . . ... . 16 1 0 

AND LOOK AT THESE BONUSES: ~ 3 plug-in compartments and 
mainframe mode switching 

8 

ROOM 
TO 

GROW 

SELECT 
FROM 

22 
PLUG-INS 

~ 7403N 
~ OSCll.lOSCOPl 

' I ' 

= .... 
""'"'' .... . = 

~· · ·= .... -= 

~ 6-1 /2-inch CRT- 50% larger 
than 8 x 10 cm CRT's 

~ time bases have 5 ns/div 
sweep rate 

i!l' amplifiers and time bases 
accurate within 2% 

!!'.!' high writing-rate CRT 
gives a brighter trace 

If you wish , select a plug-in for the second 
vertical compartment to give you 10 µVI div at 
1 MHz or 1 mV/div at 55 MHz or 1 mA/div at 
55 MHz or another dual-trace unit for 4-trace 
capability, etc. , etc. Plug-in prices start at a 
low $270. Call your nearby Tektronix field en­
gineer today for a demonstration. 

7403N Oscilloscope ...... . ... . ... .. . . $950 

7A18 Dual-Trace Amplifier, Option 1 .. . . $500 

7A15 Single-Trace Amplifier ....... . .. $270 

7B53N Dual Time Base . . . . . . . . . . . . . . . $750 

7B50 Time Base . . . . .... . . . .. . ....... $450 
U.S. Sa les Prices FOB Beave rton, Oregon 

TEKTRONIX@ 
Available in U.S. through 
the Tektronix lease plan. 

-

committed to 
technical excellence 
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Why Pussyfoot? 
Obviously the U.S. will soon be going met­
ric, if for no other reason than to remain 
competitive in world trade. Most of us 
agree that the change should be made. 
We may even feel that it is overdue when 
we look at the accomplished fact in such 
countries as Japan. 

Our Commerce Secretary, Maurice H. 
Stans, has recently proposed that we make 
the changeover under a "10-year plan". I, 
for one, feel that this is far too slow. It 
is about like wetting one toe at a time be­
fore taking the plunge in the pool. Things 
move fast today- so fast that 10 yea rs is 
virtually an eternity. It's also far too long 
to be in the vulnerable condition of "part 
metric, part 'U.S. Customary' (our present 
standard)". 

Let's get with it forthwith. A speedy 
changeover undoubtedly can cause more 
disruption than a drawn-out one. Also 
there is greater risk in a quick changeover, 
but the expected rewards can more than 
compensate. What we don't need is to 
have this move studied to death. When 
Japan made the changeover 10 years ago 
most of the anticipated difficulties proved 
to be either nonexistent or much less 
disruptive than predicted . 

Soon we will be specifying length in 
meters, mass in kilograms, time in sec­
onds, electric current in amperes, temper­
ature in kelvins and luminous intensity in 
candelas. Let's put some enthusiasm and 
push into this changeover so that we can 
start reaping its benefits. 

MANAGING EDITOR 

9 



MF~~D3RA 
For off-the-shelf delivery, call us collect at: 

415-493-0848 312-894-7660 
Palo Alto, California Schaumburg, Illinois 

714-637-2330 514-875-2814 
Orange, California Montreal, Quebec 

201-964-3131 613-828-9191 
Union, New Jersey Ottawa, Ontario 

617-762-8298 416-366-7721 
Norwood, Massachusetts Toronto, Ontario 

lllllmicrosystems 
international 

MICROSYSTEMS INTERNATIONAL LIMITED, BOX 3529 STATION C, OTTAWA, CANADA 

MONTREAL, OTTAWA, TORONTO, BRUSSELS, STUTTGART, LONDON, PALO ALTO, UNION 
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Prevent semiconductor failures 
with a circuit breaker? 

• • • 

Send us $20 and see for yourself. 
What you ' ll get back is a sample 
of our JA / Q® electronics pro­
tector, which is no ordinary circuit 
breaker. 

It's a circuit breaker with a built­
in hybrid microcircuit crowbar. 
And that 's where the failure pre­
vention comes in . 

When a dangerous transient or 
overvoltage occurs, the crowbar 
fires and shunts the load within 
500 nanosec. Vulnerable semi­
conductors are never exposed to 
a condition which might destroy 
them. 

The circuit breaker sees the 
shunted load as a dead short, and 
electromechanically disconnects 
the equipment within 10 millisec, 
thus providing protection for the 
crowbar. 

Normal overcurrent protection is 
in no way affected by the presence 

of the crowbar. You can still order 
precision current rat ings, job­
matched t ime delays, and all the 
other options normally offered with 
our standard Series JA breakers. 

The whole protection package is 
remarkably econom ical. In fact, 
we can provide the crowbar for 
Jess than you can build an equiva­
lent circuit in-house. And there are 
related savings in space, and in the 
ability to use lower-rated sem i­
conductors. 

To evaluate the performance of 
the JA/ Q for yourself, send a 
check for $20, along with your 
name, department, and company 
letterhead to: Richard Kurtz , Heine­
mann Electric Company, 2626 
Brunswick Pike, Trenton , N.J. 
08602. Please specify 6.5, 14, 17, 
26, 32, or 38-volt firing level; and 
2, 5, or 10-amp current rating . 

<@;> HEiNEMANN 4n s 
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You name it-we have the exact 
cermet resistor network size 
and characteristics you need. 
Here's the choice you get right 
now: our 750 line includes: .100" 
centers with 4, 6 & 8 pins; .125" 
centers with 2, 4, 6 & 8 pins; 
and .150" centers with 4 through 
13 pins. And we're working on 
new designs right now! 

All compact, extremely stable and 
highly reliable. 
Recently we packed even more 
circuitry into our 760 series, giving 
you a choice of four popular 
space-saverpackages:S,14,16 
and 18 flat lead styles. Packed 
with up to 17 resistors per module 
with flat leads standard (round 
leads on request). 
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Our broad line provides an infinite 
number of circuit combinations, 
all with excellent TC, load and 
temperature characteristics 
supported by millions of hours 
of reliability testing. Ask your CTS 
sales engineer for data. Or write 
CTS of Berne, Inc., Berne, Indiana 
46711. Phone (219) 589-3111. 

ACTUAL SIZE 

.. c TS CORPORATION"'"" '"'''" 
A world leader in cermet and variable resistor technology. 

CIRCLE NO. 10 
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Design News 

One Million Times 
Direct Magnification Achieved 
Direct visual access to the planes of 
atoms in most metals and alloys is 
now possible with a specially modi­
fied electron microscope at the Gen­
eral Electric Research and Develop­
ment Center, Schenectady, N.Y. 

Details as small as 8 billionths of 
an inch wide have been observed on 
the viewing screen of the modified 
Philips EM 300 transmission elec­
tron microscope. Photographic en­
largement of the screen image pro­
vides overall magnification of 27 
million times-enough to clearly ob-

Dr. Victor Phillips (right) and John Hugo ex­
amine streaks showing the location of 
planes of atoms in an aluminum-copper 
al loy. Tota l magnification including photo 
enlargement equals 27 million times. 

serve the planes of atoms and de­
tect imperfections in the spacing be­
tween rows. 

To achieve this milestone GE re­
searchers doubled the magnification 
of the instrument's final magnetic 
lens and improved the illumination 
of the sample by maximizing the in­
tensity and concentrating the elec­
tron beam onto a very small sample 
area. They also optimized resolution 
by making careful adjustments and 
minimizing vibration. 

This achievement offers significant 
improvement over conventional elec­
tron microscopes that magnify from 
300,000 to 600,000 times, and will 
allow more detailed observation of 
the atomic structure of metals and 
alloys. 

Super Power Tetrodes Aid in Pollution Battle 
No smoke, no fumes, no ash and no in- ductance limited power supplies and 
dustrial wastes to pollute San Fran- reduce the necessary kVA rating of 
cisco Bay are claimed by Airco Vac- the supply. 

which utilizes electron superheat and 
high vacuum, is the elimination of 
nickel in the manufacture of stainless 

uum Metals' new steel-making plant 
at Berkeley, Calif. 

Another advantage of their system, steel. 

Producing 30,000 tons of stainless 
steel per year, the plant operates 
profitably without coal or fossil fuels. 
Instead, it uses a new process incor­
porating a battery of Varian/Eimac 
super power tetrodes to regulate the 
power that fires its giant electron­
beam furnace. 

Each of the 22 electron-beam guns 
utilizes a 200-kW tetrode as a high­
speed switch in the high-voltage lead. 
They act as isolators to prevent RF 
flow back into the power supply sys­
tem and also to stop current flow into 
the vacuum furnace whenever there 
is an incipient arc. 

14 

High switching speeds provided by 
the super power tetrodes allow higher 
efficiency than that afforded by in-
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Acoustic Microscope 
Magnifies Onion Skin 

Using high frequency sound waves 
rather than light to probe a biological 
specimen, Zenith researchers have 
produced what is believed to be the 
first acoustic microscope photograph 
of actual biological cell structure ever 
taken. 

Although the concept of an acous­
tic microscope is not new, Zenith's 
development of novel acoustic holo­
graphy techniques using their new 
acousto-optic laser deflector made 
this working instrument possible. 

A specimen to be investigated by 
the microscope is immersed in water 
in the path of a high-frequency (100-
MHz) sound wave. This wave, carry­
ing spatial information about the 
specimen, strikes a plastic mirror 
mounted at 45 degrees to the direc­
tion of the ultrasonic wave and causes 
a minute ripple pattern on the mir­
rored surface. At the same time, a 
focused laser beam scans a selected 
area of the mirror and receives pe­
riodic angular deflections caused by 
the ripples. A photodiode converts the 
beam deflections to electrical signals 
which produce an acoustic hologram 
or a magnified picture of the sound 
field on a television monitor. 

Using a frequency of 100 MHz, the 

smallest detail visible measures ap­
proximately 0.001 inch. In later ver­
sions, frequencies 10 to 50 times 
greater will be used to provide re­
solving power approaching that of an 
optical microscope. 

However, resolution is not the most 
important feature of the aooustic 
microscope. The fact that sound is a 
mechanical wave motion, while light 
is not, makes it possible for an acous­
tic microscope to show features of a 
specimen which may go undetected 
by an optical microscope. This could 
prove important in such applications 
as the study of cell tissues. One addi­
tional advantage of great potential 
value in the biological sciences is that 
the acoustic microscope could make 
possible the study of live specimens. 
With the optical microscope, speci­
mens most often must be killed and 
chemically stained before study. 

Thus, the acoustic microscope is 
not a replacement for either the op­
tical or electron microscopes, but a 
new third type of microscope with its 
own unique capabilities. 

Individual cells of an onion skin magni­
fied 400 times. (Zenith) 

PHASE 
DETECTOR 

AMPLITUDE 
DETECTOR 

100 MHz 
GENERATOR 

TV 
MONITOR 

Set Your Watch By TV 

Unknown to most viewers, accurate 
time and frequency information has 
been riding "piggyback" on some com­
mercial television broadcasting sig­
nals for several years. 

Developed at the National Bureau 
of Standards, the experimental tele­
vision-time-code system is ultimately 
intended to provide inexpensive time 
signals and precise frequency sig­
nals to a great number of users. 

Special equipment at the broad­
casting studio puts a time code from 
an atomic clock on line one in the 
vertical interval. This code carries 
information designating the hour, 
minute and second (HMS). At the re­
ceiver, a special decoder recognizes 
the time code and causes it to be dis­
played in numerals 20 lines high at 
the bottom of the screen. The num­
bers change in exact step with the 
master clock at the broadca~t station 
or network origin. 

For those users requiring a precise 
time code with resolution better than 
one microsecond, a second code is 
transmitted alternately with the 
HMS code on line one. With suitable 
circuitry, the HMS decoder also 
recognizes the precise time code, and 
measures the difference between a 
local clock at the receiver and the 
master clock in the studio. The dif­
ference is displayed on the screen in 
nanoseconds. Thus with known trans­
mission time delays the two clocks 
can be synchronized. 

In addition to time information, the 
system transmits a precise 1-MHz fre­
quency that makes it possible to cal­
ibrate a local frequency source to one 
part in 1011 in half an hour, according 
to scientists at NBS Boulder Lab­
oratories. 

The system has been field tested in 
Denver, Cheyenne, Los Angeles and 
Washington D. C. areas. For more in­
formation, NBS provides a free, 12-
page brochure, "NBS TV Time and 
Frequency System". 220 
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Watch for EDN/EEE's fifth annual Caravan 
tour, October-November 1971. A traveling 
exposition of products and ideas visiting 

(ll, E D N jl leading computer and peripheral equipment 
" manufacturers throughout the U .S.A. 

EJEJEJ MAGAZINE PRESENTS. 

Featuring new products, ideas and 
application assistance from: 

Advanced Micro Devices 

Beckman r nstruments , Inc. 

Borden Chemical Mystik Tape Div. 

C inch Mfg. Co. 

Cornell-Dubil ier Electronics 

Dale Electronics, Inc. 
Instrument Specialties Co. , Inc. 

NASA Headquarters 

Raychem Corporation 

Semiconductor Electronic 
Memories, Inc. 

Torin Corporation 
~-..,..- · 
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Now, there's a digital voltmeter that 
offers a combination of capabilities 
never before available . The new 
Hewlett-Packard 3403A. 

Outstanding features of the 3403A 
are its eight-decade bandwidth, its 
six-decade ac voltage range (10 mV 
to 1000 V full-scale) , its ability to 
measure both simple and complex 
signals with great accuracy (± 0.2% 
reading ± 0.2% range) , and its ad­
vanced , solid-state 3-digit display. 

With the 3403A, you can measure 
ac, de, or ac + de, with true-RMS 
accuracy-and get your readout in 
either volts or dB. Its wide voltage 
range, and extraordinarily wide fre-

quency range give it unprecedented 
versatility. Its direct readout in dB 
makes it a " natural " for all kinds of 
communications work. And its ability 
to measure complex signals with 
crest factors as high as 10:1 makes it 
especially useful for noise measure­
ment. 

The 3403A is available with a wide 
variety of options and accessories, 
including dB display, autoranging , 
isolated or nonisolated digital out­
put, isolated remote control , printer 
cables, active probes, and a rack 
adapter frame . .. making it ideal for 
systems applications, as well as lab 
and production work. 

HP's new 3403A voltmeter 
puts it all together ... 
at an amazingly low price 
D True-RMS accuracy 

D AC from 2 Hz to 100 MHz, plus DC 

D Digital readout, in volts or dB 

3403A TRUE RMS VOLTMETER 

CIRCLE NO. 11 

The 3403A's price ranges from 
$1400 to $2100, depending on op­
tions. An ac-only version, the 3403B, 
is also available, starting at $1150. For 
further information on the versatile 
new 3403A, contact your local HP 
field engineer. Or write Hewlett­
Packard, Palo Alto , California 94304. 
In Europe : 1217 Meyrin-Geneva, 
Switzerland. 

091/19 

HEWLETT"' PACKARD 

DIGITAL VOLTMETERS 
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Hughes is more than 
iust electronic devices 

and components. 

Gas lasers and laser tr immers, welders 
and drillers (RS 293) 
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Microcircuit production equ ipment 
(RS 294) 

Numerical control systems (RS 295) 

Semi-automatic wire terminat ing and 
harness laying equipment (RS 296) 

N/C pos itioning tables and systems 
(RS 297) 

FACT automatic circuit testers (RS 298) 
r------------------, 
I I 

: HUGHES : 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 
INDUSTRIAL ELECTRONICS GROUP 

BUILDING 100 , MAIL STN . C · 512 

CULVER CITY , CALIFORNIA 90230 

Circle appropriate 
Reader Service (RS) numbers. 

World's Largest 
Lightning Rod? 

That's the question scientists from 
the Air Force Systems Command's 
Cambridge Research Laboratory 
hoped to answer in the initial phases 
of the recent Apollo 15 flight. 

Since the flight of lightning-struck 
Apollo 12 in 1969, AFCRL scientists 
have been involved in a joint effort 
with NASA in the "Lightning Strikes 
to In-Flight Missiles" program. In­
struments rugged enough to record 
data while bathed in the exhaust 
from rocket motors were developed to 
make conductivity and electrical field 
breakdown strength tests on Minute­
man and Atlas missiles at Vanden­
berg AFB. Air Force tests showed 
that the rocket plume acts as a good 
conductor of electricity-like a wire 
stretched from the rocket to the 
ground. And, should the rocket enter 
a thunder cloud, it would act like a 
lightning rod. 

Efforts during the Apollo 15 launch 
were primarily directed toward de­
termining the effective length of the 
conducting plume. "The rocket is 363 
feet long, and the visible portion of 
the plume, which contains incandes­
cent carbon particles and other burn­
ing matter, is perhaps another 500 
feet of good conductor," said John L. 
Heckscher, AFCRL project scientist. 
"The invisible trailing portion may 
also be electrically conductive and 
that's what we want to find out." 

Hologram Admits 
Employees to Laboratory 

Employees of Laboratories RCA, Ltd. , 
Zurich, Switzerland, carry unique 
"keys" to gain entrance to the labora­
tories' new technical center. 

The new system, called Hololock, is 
the world's first lock-and-key system 
based on a laser-made hologram. 
Employees of the lab carry cards with 
holograms that contain a coded num­
ber and other information about the 
employee. When inserted into a slot 

Design Briefs 

in a special box at the center's main 
entrance, the card's number is read 
out by illumination with a standard 
light bulb. The number is then com­
pared with the number punched into 
a keyboard by the employee. If the 
two match, the door unlocks. Since 
highly-specialized equipment is need­
ed to produce the hologram and it 
cannot be altered, the system affords 
a high degree of security. 

Huge Job Boom 
Predicted for 
Scientists, Engineers 

At least one prominent member of the 
engineering community is optimistic 
about the future job market for en­
gineers and scientists. 

Dr. Simon Ramo, delivering the 
main commencement address at the 
Polytechnic Institute of Brooklyn, 
where he received an honorary Doctor 
of Engineering degree, predicted an 
era of unprecedented job opportunity 
in science and engineering as the in­
dustrial complex regears to alleviate 
the massive social crises of the final 
third of this century. Dr. Ramo told 
more than 900 graduate and under­
graduate degree recipients that the 
United States is headed toward a 
radically new "social-industrial com­
plex". He predicted that the influence 
of this social-technological coopera­
tion-involving such areas as urban 
development and renewal, health 
care, education, race relations, en­
vironment control , rapid transit and 
housing-will be far more pervasive 
than the present military-industrial 
alliance and will involve more jobs, 
more private industry-invested funds 
and more of the nation's resources. 
"Its influence for good - and for bad -
will be proportionately greater," ac­
cording to Dr. Ramo. 

In training the new "socio-technolo­
gists," the science and engineering 
professions "must accept that you 
cannot apply science to society unless 
you understand society as well as 
science. The whole of engineering has 
got to be understood to concern some­
thing bigger and broader than has 
been true in the past." 
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Twist of Faith. 
Hughes started twisting and bending con­

ductor cable ten years ago when everyone else 
was remaining straight. 

Today we 've got over 60 proprietary proc­
esses for commercial , military and space 
applications. 

And we 're the only place you can faithfully 
buy all three versions of flexible cable: etched , 
collated and bulk assemblies. (And the connec­
tors, too!) 

For complete system requirements from 
one source: ¢<4) Hughes Connecting Devices, 
500 Superior Avenue, Newport Beach , CA. , 
92663. Or call (714) 548-0671. f_H_U_G-HE_s _1 

' ' 
L - - - -- - -- - - - -- - -- - - .J 
HUC..H(.:; AilRCRAt 1 COMPAr>;\ 
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l C t F "I t IHOUSTR/Al ..... OU"RNS ow os am1 y TR/t.IPore 
,_. • POTEHTIOt.IETEllS 

Model 3359 Model 3305 Mo<l•l 3329 Model3389 

PROVE TO YOURSELF THAT 
BOURNS QUALITY AND LOW-COST 
HAVE BEEN COMBINED 

ALABAMA 
Cramer/E.W., Inc. 
Huntsville, 205 539-5722 

ARIZONA 
Kierulff Electronics 
Phoenix, 602 273-7331 

CALIFORNIA 
Westates Electron ics Corp. 
Chatsworth, 213 341-4411 
Hamilton Electro Sales 
Culver City, 213 870-7171 
Liberty Electronics Corp. 
El Segundo, 213 776-6252 
Elmar Electronics, Inc. 
Mountain View, 415 961-3611 
Hamilton/ Avnet 
Mountain View, 
415 961-7000 

Kierulff Electronics 
Palo Alto , 415 968-6292 
Electronic Supply Corp. 
Riverside , 714 683-8110 
Western Radio 
San Diego, 714 239-0361 

COLORADO 
Hamilton/ Avnet 
Denver, 303 433-8551 
Kierulff Electronics 
Denver, 303 343-7090 

CONNECTICUT 
Connecticut Electro Sales 
Hamden, 203 288-8266 
Cramer Eleclronics, Inc. 
North Haven, 203 239-5641 

FLORIDA 
Cramer/E. W. Inc. 
Hollywood, 305 923-8181 
Gulf Electronics 
Miami, 305 887-6541 
Hamilton/ Avnet 
Hollywood, 305 925-5401 
Hammond Electronics, Inc. 
Orlando, 305 241-6601 

GEORGIA 
Jackson Electronics Co. 
Atlanta , 404 355-2223 

ILLINOIS 
Allied Electronics Corp. 
Chicago, 312 421-6800 
Newark Electronics 
Chicago, 312 421-2400 
Hamilton/Avnet 
Schiller Park, 312 678-6310 

INDIANA 
Fort Wayne Electronics 

Supply, Inc. 
Fort Wayne, 219 742-4346 

Graham Electronics Supply, Inc. Harvey Radio Company, Inc. 
Indianapolis, 317 634-8486 Woodbury, L. I ., 516 921-8700 

KANSAS NORTH CAROLINA 
Hall-Mark Electronics, Inc. 
Kansas City, 913 236-4343 

MARYLAND 
Pyttronlc Industries, Inc. 
Baltimore, 301 539-6525 
Hamilton/ Avnet 
Baltimore, 301 796-5000 
Washington , 202 935-5600 
Schweber Electronics 
Rockville, 301 427-4977 

MASSACHUSETTS 
Electrical Supply Corp. 
Cambridge, 617 491-3300 
Cramer Electronics, Inc. 
Newton, 617 969-7700 

MICHIGAN 

Cramer/E.W., Inc. 
Winston-Salem, 919 725-8711 

OHIO 
Hughes-Peters, Inc. 
Cincinnati, 513 351-2000 
Pioneer Standard Electronics, Inc. 
Cleveland, 216 432-0010 
Hughes-Peters, Inc. 
Columbus, 614 294-5351 
Pioneer/Dayton 
Dayton, 513 236-9909 

OKLAHOMA 
Hall-Mark Electronics 
Tulsa, 918 835-8458 

PENNSYLVANIA 
Pyttronic Industries, Inc. 
Montgomeryville , 215 242-6700 

Harvey-Michigan Powell Electronics 
Romulus , 313 729-5500 Philadelphia, 215 724-1900 

MINNESOTA Cameradio Company 
Lew Bonn Co. Pittsburgh , 412 391-7400 
Edina, 612 941-2770 RHODE ISLAND 
MISSISSIPPI Wm . Dandreta & Co. 
Ellington Electronic Supply, Inc. Providence, 401 861-2800 
Jackson, 601 355-0561 TEXAS 
MISSOURI Hall-Mark Electronics Corp. 

Dallas, 214 231-6111 
Hamilton/ Avnet Hamilton/ Avnet 

Hazelwood, 314 731-1144 
Hall-Mark Electronics Corp. 
St. Louis, 314 521-3800 

NEW JERSEY 
General Radio Supply Co., Inc. 
Camden, 609 964-8560 
Hamilton/ Avnet 
Cherry Hill, 609 662-9337 
Eastern Radio Corp. · 
Clifton, 201 471-6600 

NEW MEXICO 
Electronic Parts Co., Inc. 
Albuquerque, 505 265-8401 

NEW YORK 
Standard Electronics, Inc. 
Cheektowaga, 716 685-4220 
Cramer/Esco, Inc. 
Hauppauge, 516 231-5600 
Milo Electronics Corporation 
Syosset, 516 364-1111 
Cramer-Eastern 
East Syracuse, 315 437-6671 
Hamilton/ Avnet 
Syracuse, 315 437-2641 
Federal Electronics, Inc. 
Vestal , 607 748-8211 
Schweber Electronics 
Westbury, L. I ., 516 334-7474 

Dallas , 214 638-0900 
Harrison Equipment Co., Inc. 
Houston, 713 224-9131 
UTAH 
Standard Supply Co. 
Salt Lake City, 801 355-2971 
WASHINGTON 
Liberty Electronics/Northwest 
Seattle , 206 763-8200 

WISCONSIN 
Taylor Electric Co. 
Mequon, 414 241-4321 

CANADA 
Casco Electronics Lid . 
Montreal , Que., 514 735-5511 

Cesco Electronics 
Ottawa, Ont., 613 729-5118 

Cesco Electronics 
Quebec City , Que . 
418 524-4641 

Zentronlcs Lid. 
Toronto 19, Ont., 416 781-6651 

Varatronlcs Industries, Ltd . 
Vancouver, B.C., 604 736-9252 

YOUR BOURNS TRIMPOT PRODUCTS DISTRIBUTOR 
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RAHAM to Detect RF 
And Microwave 
Radiation Hazards 

Several models of a new type of en­
vironmental pollution detector called 
RAHAM- Radiation Hazards Me­
ter- are being developed for the Air 
Force Systems Command, Rome, New 
York, by General Microwave Corpora­
tion; Farmingdale, New York. 

The instrument is designed to de­
tect and measure electromagnetic 
radiation at power density levels 
potentially hazardous to human life 
processes. RAHAM will detect and 
automatically warn of dangerous 
radiation from a variety of high­
power radio energy sources used in 
military, industrial, medical and con­
sumer installations, such as commun­
ications transmitters, industrial mi­
crowave processing equipment and 
home microwave ovens. Existing in­
strumentation is deemed inadequate 
because of limited bandwidth and 
power range. 

General Microwave's president, 
Sherman A. Rinkel commented, "As 
the number of high power radio and 
microwave installations continues to 
grow, we can no longer ignore the 
potential danger from electromag­
netic radiation to which people in all 
walks of life may be exposed. 

As with ionizing radiation from 
atomic sources, awareness of expo­
sure comes only after damage - some­
times irreversible-has been done. 
By adapting techniques pioneered 
by General Microwave almost a 
decade ago for the broadband mea­
surement of low levels of microwave 
power, a totally new approach to the 
measurement of radiated fields has 
evolved which will eliminate the 
many shortcomings in existing power 
density meters. It is believed that 
RAHAM will become as valuable 
and essential for human safety in 
electronics and related fields as the 
radiation dosimeter already is in the 
atomic-energy field. " 
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Bourns LOW-COST FAMILY was designed specifically 

to fill the requirements of cost-conscious industrial 
users - so were the prices! Imagine how they reduce 

on large production-run quantities. As a bonus, you 

get Bourns TRIMPOT potentiometer quality, reliability 

and performance. 

AVAILABILITY 

All models shown are stocked in depth RIGHT NOW, 

so delivery is off-the-shelf from the factory or your 

local Bourns distributor. 

Complete data on all models of the LOW-COST FAMILY 

is available upon request. Just write, or call, your local 

Bourns Sales office, representative, or distributor. 

*1000-piece price Model 3389 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 

CIRCLE NO. 13 
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Greater RFl/EMI shielding in 
new, narrow-width contact strips 
from Instrument Specialties 

Latest addition to slitl-flurJJrJJ{]JCPf.5• line! 

Instrument Specialties now offers Sticky-Fingers self-adhesive, beryllium copper contact 
strips in three variations to solve your most critical RFl / EMI problems. 

Comparable to the shielding effectiveness of the original Sticky-Fingers, our newest 
series 97-520* offers shielding effectiveness of 92 dB at l 0 GHz plane wave or greater 
than 92 dB at l MHz magnetic, and has a dynamic range of 0.1 O". Yet, it measures a 
scant 3/s" wide, and V2" at maximum deflection . 

Supplied in standard 16" lengths, series 97-520 is ideal for metal cabinets and electronic 
enclosures where variations exist in the space to be shielded, and where high 
shielding effectiveness must be maintained in narrow spaces, even with frequent opening 
and closing .of the cabinet. 

Select the exact series that fits your application best. Write today for a complete 
catalog, list of fini shes available, and our latest Independent Shielding Evaluation Report. 
Address: Dept. EDN-68 

Series 97-500* -the original % " wide Sticky-Fingers. 
Specify when you require greatest possible shielding 
and where space permits. Also, supplied as 97-510 with 
Magnifil® for optimum magnetic shielding . 

For those all-purpose applications where economy and 
space are both factors, specify the %" wide single­
twist series 97-555, or 1//' wide double-twist series 
97-560 Sticky-Fingers. 

• 
~ Specialists in beryllium copper springs since 1938 

INSTRUMENT SPECIALTI ES CO ., INC. 

•Patented 

CI RCLE NO. 14 
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little Fa lls, New Jersey 
Phone 201-256·3500 
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MAKING 
SENSE 

OUT OF 

ROY W. FORSBERG. Boston Editor 

MOS technology isn 't as complicated as it appears at 
first glance. Once the terms and technologies, "buzz­
words" and processes are defined and placed in their 
proper perspective, the picture will start to clear. 

A technology with a rocky road of acceptance behind 
it, MOS still has a long way to go before it is generally 
accepted by many designers as a useful design tool. 
Many potential applications for MOS devices haven't 
even been considered by designers because of the 
mystery and confusion generated by those who deal in 
and write about MOS. This includes those vendors 
who sell technologies vs performance, and engineers 
who present nonobjective papers at various confer­
ences while plugging a certain technology. It also in­
cludes the trade press, which does the same thing 

when single technology articles are presented with­
out their content being weighted against the rest of 
the MOS world. 

In the past, MOS fought problems such as limited 
availability, early device failure, low yields that kept 
costs higher than expected, and difficulty in interfacing 
with bipolar. Today these problems have largely been 
solved. Now a new set of roadblocks has popped up. 
Technologies have been promoted in place of perfor­
mance and cost, and buzz words have been used with 
no explanation of their meaning-causing confusion 

!Continued) 
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MOS Muddle (Cont'd) 

and making communication difficult. 
MOS really isn't too difficult to follow once things 

are defined and put in good order. It is ii relatively 
simple manufacturing process that employs simplified 
masks as compared to bipolar. It has higher functional 
density- thus lower cost per function. It also has high 
impedances, giving low current densities and simpli­
fied interconnections. On the other hand, it is not the 
answer to all the world's problems. It doesn't fit all 
potential applications and shouldn't be forced to. 

There is really no overwhelming reason for a de­
signer to concern himself with which technology or 
combination thereof, he makes his circuits. Any tech­
nology should be acceptable if the devices meet his per­
formance and cost requirements and can be delivered 
in quantities needed. There are, however, two perva­
sive reasons why a designer must be able to make 
sense out of t4e MOS muddle and know whic4 tech-

Factors Affectin~ MOS Parameters. Vr and gain are functions 
of the equations shown, while packing qensity is a function 
of device geometry, masking to lerances and interconnect 
flexibility; and capacitance is a function of overlap C, junc­
tion C and interconnect C. 

TH ESE FACTORS AFFECT THESE 

CRYSTAL 
ORIENT A TION 

GATE INSUl.ATOR 

GA TE MATERIAL 

DOPING PROCESS 

SUBSTRATE MATERIAL 

GAIN 
z 

9m •L µC0 V0 

where C "" Keo 
·o T o 11 

Z ~ channel width 

L • channel length 

I' ~ carrier mobi I ity 
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N-Silicon 

P-Silicon 
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Cap~citance 

Threshold Voltage 
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Packing Density 
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Packing Density 

Threshold Voltage 

Capacitance 

Threshold Voltage 

Packing Density 
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THRESHOLD VOLTAGE 

To • ~ Thickness of gate oxide 

11.
0 

e Dielectric constant of gate insulator 

a., ~ Fix\ld surface-state charge density per 

unit area 

0 1 • Charge per unit area (channel ) 

~u.· Gate material / si l icon work function 

clifference 

nology he is using. One, he must be able to evaluate 
the mass of available information so that he can make 
some rational and objective judgements. Two, he 
should use these judgments to select a continuing 
mainline technology, so that projected high volume 
costs can be realized and devices can be second­
sourced. Many applications can be solved very well by 
a number of processes, so this latter consideration 
becomes a big factor. 

With these needs in mind, we traveled across the 
country and surveyed most major manufacturers of 
MOS. In the first part of this two-part article, we 
will look at each technology and combination of pro­
cesses from the designer's point of view. We will see 
what they can and Cl:\Jl't do, and note their advantages 
and disadvantages. We wjll also present a glossary of 
terms to clear up the common buzz words. Finally, we 
will take this information and put it int-0 proper per­
spective so that you can see how it all fits together. 

In Part Two, we will discuss which processes are 
likely to survive, and what to look for in the near 
future . Last, we'll give a chart of "who makes what" . 

MOS TECHNOLOGIES AND PROCESSES 

When considering different MOS processes , the two 
most important characteristics are availability and 
cost. Also very important (though in different degrees 
depending on need) are packing density, power, ease of 
design, reliability, TTL-compatibility and speed. No 
one technology or combination of processes meets all 
these requirements simultaneously. Therefore, the 
process you choose will depend on your individual ap­
plication needs. The various process steps and mate­
rials shown in Table 1 affect each of the above param­
eters differently. How they relate to each other is illus­
trated in Fig. 1. If you keep these factors in mind as we 
discuss each technology, the pieces will begin to fit 
together. 

G ~~ 
SOURCE AND DRA IN SILICON 

P-CHA NNEL HIGH V 1 <m> 
P-Channel, High V r < 111 >, the first production 

process for MOS, has been around since 1964. It has 
been, and still is, the "workhorse" of the industry. It is 
a high-voltage process but does have an advantage 
over the same process using < 100> crystal orienta­
tion, in that hole mobility is about 25% faster. This 
coupled with the higher power makes the circuits fast-
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Fig. 1- MOS terms broken down by steps in the production process. To 
make an MOS device at least one choice must be made from each block. 

er. Most manufacturers use five masks including the 
final glassivation. North American Rockwell, however, 
offers a sixth mask to control gate oxide thickness and 
to get better threshold control. 

Its advantages include a long production history and 
good reliability data. It is highly controllable, has good 
yields , very low costs and high noise immunity. Aside 
from its long history, its biggest advantage is that it is 
common to the industry and is easily second-sourced 
using the same set of masks. 

It has several disadvantages. Among these are: 1) 

high threshold voltages (Vr) because of a high alumi­
num gate work function , thick gate oxide and low K.

0 

for silicon oxide; 2) slow speed because of high capaci­
tances from gate to source and drain overlaps, and 
relatively large gate areas; 3) incompatibility with 
TTL because of high V r; 4) gate sensitivity to contam­
ination, which makes devices generally unsuitable for 
low-cost plastic packaging; 5) high odd-ball voltage sup­
plies needed; and 6) it's more difficult to design with. 

Best applications for it are those that do not require 
low power, high speed or high densities, such as ones 
that operate in real-time and interface with people. 
Typical uses are in nonportable calculators; in timers 
for washing machines , dryers and dishwashers; and in 
industrial controls. Circuit functions this technology 
serves best are random logic, shift registers and ROMs 
where cost is more of a consideration than performance, 
as well as those applications not requiring TTL com­
patibility. Operating voltages are most commonly 
- 12 and - 28V. 

P-Channel, Low Voltage <100 > was the second 
process of importance to come along, and has been in 
wide use since 1967. It looks the same as the high volt­
age process , physically, and uses the same number of 
masks, but differs from it by using a < 100> crystal 
orientation to gain low V r and therefore TTL com­
patibility. The Qss term, surface state density, is low­
ered by using < 100> material, and is the major reason 
for the low V r· This process requires minimal steps to 
attain low V r> is in wide use, and has a long produc­
tion and reliability history. 

Among its advantages in addition to low V r are 
tighter V r control, about one half the operating power 
of < 111 > process, TTL-compatibility and low cost. 

Unfortunately the lowering of V r by this process also 
causes a lower field inversion threshold (to about 20V). 
Thus voltages in this range cannot be distributed on 
metal conducting paths over the field. National Semi­
conductor overcomes this by using a special processing 
technique to raise field thresholds to the 30-35V range, 
while others use channel stoppers. However, the latter 
approach requires additional space and reduces den­
sity. Gate overlap capacitance is still present, causing 
low speeds, and power supply noise immunity is low. 

Best apphcations for this technology include those 
requiring TTL compatibility, low cost, and relatively 
low power- but where high densities and high speeds 
are not a factor. It is well suited for ROMs, random 
logic, custom circuits and some shift registers. 

Operating voltages commonly used are +5 and 
-12V, although Hughes claims to be able to run at +5 
and -5V without going to a nitride process. 

P-Channel, Low-Voltage, Thin-Oxide <100 > is 
virtually the same as the previous process, except that 
the field oxide is thinner. Its field inversion voltage is 
lower, so guard rings or channel stoppers must be used. 
Hughes has two versions, one with field inversion volt­
ages at 25V and another at 40-45V to replace high­
threshold products. 

The disadvantages are larger chip size, an additional 
mask and few suppliers (most have switched to thick 
oxides) . 

P-C·hannel, Silicon Nitride. There are various ver­
sions of this process that use the nitride for differing 
reasons. Two are identical to the p-channel < 111 > and 
< 100> processes, except that a thin passivating layer 
of silicon nitride is added over all oxide surfaces. This 
gives added protection and prevents sodium ion mi­
gration, permitting plastic packaging. Another version 
uses the nitride to form a self-aligning gate structure. 
Here the nitride is laid down to define the gate areas 
before diffusing the source and drain beds. It acts as a 
mask, and prevents boron dopants from penetrating 

(Continued) 
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into the gate area during the latter step. Very few sup­
pliers are making devices by these processes. 

P-CHANNEL SILICON NITRIDE 

The version most common to the industry deposits 
nitride in the gate region over a layer of oxide (General 
Instrument's MTNS process differs in that nitride pas-

P-CHANNEL SILICON NITRIDE 

sivates the entire chip). A < 111 > substrate is used to 
maintain high field inversion thresholds , while the 
high dielectric constant of silicon nitride provides a 
low VT device. The high dielectric constant also in­
creases the gain factor and drain current, enhancing 
bipolar output compatibility. 

Among its advantages are low cost; the achievement 
of low V r and TTL compatibility without the layout 
difficulties of silicon gate or the low field inversion of 
PMOS < 100> ; about half the power consumption of 
PMOS < 111 > ; high drain currents; use of the same 
masks as for PMOS < 111 > ; higher speed than with 
either PMOS version; and gate protection against con­
taminants which makes plastic packaging feasible. 

Among the disadvantages of this process to design­
ers are densities less than silicon gate, and possible 
VT shifts from trapped charges built up in the oxide­
nitride layer because of the differences in conductivity. 

From an application standpoint, MNOS or MTNS 
are suitable for use in RAMs, ROMs, shift registers, 
and random logic where medium speeds and relatively 
low costs and power are necessary. 

Voltages most commonly used are + 5 and -12V, 
although some companies like North American Rock­
well and MOS Technology will customize other volt­
ages. The latter has a single +5V version on the way. 

Complementary MOS is a very interesting process 
that combines both p-channel and n-channel transis­
tors on the same substrate. The n-channel transistor 
is normally the driver and the p-channel the load in 
each cell, and the circuit is arranged so that one tran­
sistor is always on. This usage gains a number of bene­
fits, especially high speed and low standby power. It is 

more complex to make than other processes, for it re­
quires seven to eight masks and normally takes about 
30% more real-estate than single-channel devices. 
However, RCA and Solid State Scientific claim they 
can get equivalent cell sizes if you are willing to sacri­
fice some yields. There are several variations to the 
basic process. These include the use of silicon gates to 
attain ultralow V r> lower power, improved V r control , 
higher packing densities and ion implantation. Hughes 
uses ion implantation to get ultralow thresholds, low 
power and good Vr control. They implant a p-well in 
then-type substrate, tailoring the n-channel VT at the 
same time, and then use ion implantation to adjust the 
p-channel V r· 

COMPLEMENTARY MOS 

Advantages of complementary MOS are numerous, 
and in many applications more than offset the disad­
vantages. It attains very high speeds (up to 20 MHz), 
consumes power in the microwatt range and has nano­
watt standby power. Other pluses noted for CMOS in­
clude high noise immunity (about 40% of the supply 
voltage), complete TTL compatibility, single power 
supply, wide operating voltage ranges, relative insen­
sitivity to temperature variations and ease of user 
design. 

There are some formidable disadvantages, such as 
the high cost that results from a more complex process 
and larger-size chips. 

A single supply is all that is needed, with required 
voltages that vary all over the lot. RCA has two lines, 
one that operates anywhere between 3 and 15V and 
another at 1.3V, as does Solid State Scientific with a 
5 to 15V line and a 1.2V line. Ragen has 3 to 16V and 
1.5 to 6V lines, and Motorola has 4.5 to 18V and 3 to 
18V lines using metal gate processing, plus standard 
low-threshold silicon-gate devices specified down to 
1.3V. Intersil has units that operate on 1.2V supplies, 
and Hughes' complete line will run at 1.35 to 15V. 
These wide supply tolerances buy speed to the tune of 
0.8 MHz/V. Thus a device will be about two times faster 
when run at 5V than at 3V. 

CMOS also opens up a wide variety of applications. 
The most obvious are those battery-powered ones that 
require ultralow power drains, such as electronic 
watches. Motorola has shipped, to at least one major 
customer, evaluation samples that are guaranteed to 
operate at less than 1 V (at room temperature). 
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Most agree that CMOS is not best suited for large 
arrays like memories. A few, however, dispute this, 
pointing out that ultralow power densities virtually 
eliminate cooling problems. Ragen is one who backs 
this up with arrays containing as many as 2000 devices 
on a chip, AMI is building 12 random logic chips with 
over 8000 devices and RCA is aiming at MSI bipolar 
markets. But most applications are those requiring 
low power or battery operation, or where power sup­
plies are both noisy and variable. They include timing 
circuits for watches or clocks, home appliance timers, 
remote communication and monitoring systems like 
gas- and water-meter readers, medical instruments 
and other portable communications devices. Especially 
attractive are automotive applications (because CMOS 
works well from unregulated and noisy power supplies) 
and those applications combining linear and digital 
devices on the same chip (because CMOS can operate 
from the linear device's power supply). 

- P-Channel Silicon Gate. First announced com­
mercially by Intel, silicon gate technology can be used 
for p-channel , n-channel, and CMOS devices, although 
p-channel is predominant today because it is an easier 
and more controllable process with a longer history. 

P-CHANNEL SILICON GATE 

HEAVILY DOPED 
SILICON 

SILICON 

There are over a dozen ways to make silicon gate de­
vices, but as far as a designer is concerned the differ­
ences are minimal. 

In this process, polycrystalline silicon is substituted 
for aluminum at the gate and is applied to gate areas 
before diffusing the source and drain p-beds. The sili­
con then acts as a mask, and automatically aligns the 
gate between source and drain with minimum overlap 
(lateral diffusion is inherent but overlap is still small 
compared to metal-gate devices). Low Vr results be­
cause of this low overlap capacitance, a low silicon-to­
silicon work function and a low interconnect capaci­
tance. Junction capacitance is also reduced, for the 
gate area can be substanti~lly smaller because the 
source and drain interconnects don't have a metal gate 
separation to worry about. The silicon gate itself, be­
cause it is buried in oxide, affords an additional level 
of device interconnect, and in most cases leads to high 
packing densities. 

Silicon gate has the same advantages as MNOS and 
MTNS-namely that it is a stable, reliable , reproduci-

ble process with low VP high field inversions and TTL 
compatibility. It has further merits in its higher pack­
ing densities , its 50% increase in speed over MNOS and 
MTNS and its added layout flexibility resulting from 
the extra layer of interconnect. Since chip sizes are 
smaller, more chips can be made from a wafer. The 
higher yields should offset the additional processing 
steps. 

Disadvantages are few and minor. Primarily, this is 
a relatively new, immature process and few suppliers 
are in high-volume production at this time. 

There is some controversy over which applications 
this process fits , but the main area of contention lies in 
the fact that the inherently small source-drain spac­
ings are balanced by the need to make metal contact 
through a top layer of oxide to the polysilicon gate. The 
contact must be made off to the side of the source-drain 
region, and yet remain insulated from adjacent cir­
cuitry. Layouts will not permit a continuous bar of 
silicon to run through the oxide, so if the circuit appli­
cation calls for many oxide cuts to connect to silicon 
gates, it is conceivable that this could chew up more 
real estate than conventional metal gates . 

Just about everyone is unanimous that this process 
is best suited for large scale RAMs. Beyond this , 
opinions are mixed with regard to ROMs , shift regis­
ters and random logic. It looks as if this question is 
best solved by applying the design rules used by each 
manufacturer while considering individual system 
needs. General Digital, for example, feels that it can 
provide most circuits more efficiently with silicon gate 
because of a combination of their design rules and CAD 
techniques . On the other hand, Nortec believes that for 
certain applications ROMs and random logic can be 
made more efficiently by metal gate technologies, but 
at a cost in performance. 

Most companies use five masks while a few add one 
more to attain greater packing densities. Operating 
voltages are nearly universal at +5 and -12V. 

Ion-Implantation Self-Aligning Gate is a high 
VT process similar to standard PMOS < 111 >, except 
that the gate area is initially made wider than usual. 
After the aluminum gate is laid down, the source and 
drain regions are extended to the edge of the gate metal 
by ion implantation, with the gate acting as a mask. 
This results in about the same supply voltage levels, 

SOURCE METAL GATE OXIDE DRAIN 
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logic levels, VT and field inversion as the standard 
PMOS < 111 > process-but with higher speeds be­
cause of the zero gate overlap (Miller capacitance), and 
better VT control. 

Hughes has a variation on this process - they also 
ion implant to adjust VT and to implant high value re­
sistors. This results in both low VT and the ability to 
make simple analog functions on the same chip. Supply 
voltages are usually +5 and - 5V. 

Ion-Implantation-Low VT' Ion implantation is 
really a processing step rather than a process itself. 
(12, sometimes used to describe this step, is a registered 
trademark of American Micro-systems Inc. ) It can 
be applied to p- and n-channel devices, to silicon 
gates, and to CMOS in many different ways. For the 
most part it is used to adjust thresholds by implant­
ing ions in the gate region after source and drain beds 
are diffused. The most common procedure is to start 
with a high VT p-channel device and implant enough 
ions in the gate (or channel) region, partially de­
pleting it, until the desired threshold is achieved. 

SOURCf ALUMINUM DRAIN 

~"'" 
n SILICON-· ,<.::;D; -~~ 

IMPLANTED CHANNEL 

ION IMPLANTATION LOW Vr 

This reduces Q11 (charge per unit area), and makes the 
device TTL-compatible. The implanted doping level is 
controlled either by beam current or implant time, 
both of which are highly controllable. The nice thing 
about the process , especially as applied by MOSTEK, 
is that devices are removed from the normal high VT 
PMOS process line for only one additional step (im­
planting) and require no additional masking. A real 
plus for this process is that depletion-mode loads for 
enhancement-mode drivers can be made on the same 
chip. This involves one additional mask (six vs five), 
and is accomplished by implanting additional dopants 
in the desired channels until they become depleted. 

This latter combination buys you a lot of goodies. 
Depletion loads are about two-thirds the size of en­
hancement devices, and output buffers can be about 
half the size of those for silicon gate. In addition, these 
devices can run from a single 5V supply with wide 
voltage tolerances, and at milliwatt power levels. This 
can't compete with the microwatt levels of CMOS, but 
it can fill many applications that can tolerate low 
milliwatt levels but not the higher cost of CMOS. 

All this doesn't come for free , though. Implanting 
equipment is costly and quite complex. Many also cite 

low throughput as a disadvantage , although MOSTEK 
and Hughes , who are heavily committed to and well ex­
perienced in this process, say otherwise. MOSTEK 
claims to run 100 slices/hr. Hughes has one machine 
that processes 40 wafers in 2 hrs, and another that 
processes 20 wafers in 1-1/2 hrs. Another disadvantage 
as compared to silicon gate is that you don't get that 
extra layer of interconnect. 

Best applications are dense, high-speed, low-power 
dynamic RAMs, especially if both the depletion loads 
and the linear sense amplifiers are on the same chip. 
Both ROMs and circuits that combine linear and digi­
tal functions on the same chip are also likely candi­
dates, as are certain battery-powered applications. 
This process is also well-suited for automotive appli­
cations because of its ability to tolerate wide voltage 
variations. 

Without depletion loads , power supplies are general­
ly +5 and -12V, and with depletion load they can be 
a single supply in the 5 to 20V range. 

N-Channel, although quite attractive to many com­
panies, is plagued by processing problems. The silicon 
surface is very sensitive to contaminants, which tends 
to make all the devices on a chip depletion devices. 
Also thresholds are in an undesirable range. Ultra­
clean processing will probably clear up the former 
problem, while a substrate bias will shift VT to the de­
sired operating levels. The latter offers somewhat of an 
advantage, since VT can be adjusted independently of 
other circuit parameters. For example, doping and 
oxide thickness can be varied to attain certain perfor­
mance gains. Then VT can be adjusted separately, via 
the bias , to get the desired levels (vs geometries and 
process controls in other technologies). One way of 
eliminating the substrate bias is to go to ratioless cir­
cuit designs. 

Some advantages are low VT because of the low work 
function, TIL compatibility, high field inversion and 
high speed as a result of the electron mobility being 
about three times that of holes. NMOS has high drain 
current and high gain. Also, since power is dissipated 
only when the output is on, it wastes less output power 
than PMOS. 

The disadvantages are not minor ones, but they can 
be overcome in time. They include the need for tighter 
process control and wide V r control , the need for an 
extra power supply to bias the substrate, little avail­
able history, the requirement for large output buffers 
to drive TTL, few suppliers and little acceptance by 
designers. 

The process, which uses five masks, operates at+ 10, 
+5 and -6V (for substrate). However, Cogar can go 
as low as +6, +4 and -4V. 
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Cogar, the only company with n-channel in produc­
tion, seals each device with a phosphosilicate quartz 
to prevent contamination, and produces all devices in 
flip-chip form. 

Applications for which this is best suited include all 
performance-oriented circuits except those requiring 
very low power. 

N-Channel, Silicon-Gate is quite similar to its 
p-channel counterpart in terms of physical construc­
tion, and has the same problems as straight n-channel. 
The addition of the silicon gate does little for speed in 
n-channel , but it does increase packing densities. There 
seems to be much more active effort put on n-silicon 
gate than on straight n-channel, and many of the active 
companies are those who have developed some exper­
tise in CMOS. Electronic Arrays is working on a ver­
sion of this. They add silicon nitride as an ionic barrier 
to prevent contamination, and to help maintain en­
hancement-mode operation. Intel and intersil expect to 
have n-channel silicon gate as a production item by the 
last quarter of 1971. Its main advantage will be in 
providing a low-cost approach to high-speed mainframe 
memories. 

As with other approaches , the disadvantages are 
numerous , but can be overcome. It is a difficult process 
to control , is not well known, is more sensitive than 
some to processing parameters, has high tolerance 
spreads and cost and there is little experience with it. 

Best applications will be in high-speed RAMs and 
shift registers , both aimed at mainframe memories. 

Depending on who you talk to, the process uses five 
or six masks , and has a variety of operating voltages. 
These range from + 12 and - 12V (substrate) at Elec­
tronic Arrays to +5 and - 12V or simply +5V (sacri­
ficing speed) at Signetics , to any 15V spread at Solid 
State Scientific. 

MOS/Bipolar, or more particularly p-channel/ 
bipolar, uses a vertical npn transistor in an emitter­
follower configuration, and requires only one extra 
diffusion unless isolated npns are needed. It is useful 
where heavy current drive of output stages is required, 
and could be used in a number of ways , depending on 
the application. There is little action in this area ex­
cept at General Instrument Corp. 
. Field-Shield is simply an n-channel process with a 

silicon guard or "field shield" added that extends over 
the entire chip, except at gate and contact regions. The 
shield prevents low field inversion, which is so low with 
high-resistivity substrates that all devices tend to short 
together and be depletion devices. Use of a low-resis­
tivity substrate partially solves this, but at the ex­
pense of speed. The combination of a thin-oxide-nitride 
gate dielectric with the field-shield allows the use of 

high resistivity substrates, yet ends up with field in­
version voltages essentially at infinity, and with very 
high gain factors. The former is possible because the 
field shield isolates the silicon substrate from the met­
al and oxide above, and the latter results from the 
high dielectric constant of the oxide-nitride sand­
wich. The shield is normally biased to the substrate, 
·and the substrate, as in conventional NMOS, has a 
small negative bias for VT shifting. 

FIELD SHIELD 

SOURCE 
\ 

POLYSILICON 
FIELD SHIELD 

OXIDE 

This process ends up with several advantages over 
conventional n-channel. The processing provides self­
aligned gates and very small gate areas. This reduces 
all capacitances and results in high-speed, high-den­
sity devices. The low VT insures TTL compatibility, 
and the shield provides such added benefits as reduced 
noise and cross-talk at high frequencies, a convenient 
ground bus and the possibility of making low-capaci­
tance resistors by etching (to isolate a piece of silicon 
of the desired size). 

Among its disadvantages are the fact that it is a 
more complex new process, that there is only one ven­
dor- Varadyne (although Motorola has been licensed 
to use the process), that there is no history, and the 
requirement for a bias supply. 

The process uses the same number of masks (five) as 
conventional n-channel, and operates at + 15, +5 
and - 5V. 
DIELECTRIC ALUMINUM 

SILICON 

SATO WITHOUT SILICON GATE 

Self-Aligned Thick Oxide (SATO) is a process used 
by Texas Instruments Incorporated that appears some­
what similar to the nitride self-aligned gate process . 
However , they use a proprietary dielectric material in 
place of silicon-nitride. This process allows the option 
of using silicon gates , not as a mask for self-alignment, 
but to gain the extra level of interconnect. It has a very 
low VT (making it TTL-compatible thanks to < 100> 
crystal structure), low gate overlap capacitances and 
high dielectric constant. of the thin dielectric. 

Without the silicon-gate feature this process is faster 
(Continued) 
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SATO WITH SILICON GATE 

and more dense than MNOS, because of the self-align­
ing, and costs about the same. Its performance is sup­
posed to be equivalent to silicon-gate processes but 
lower in cost. When silicon gates are added to SATO, 
improved packing densities, higher speeds, lower VT> 
and lower power are claimed as compared to conven­
tional p-channel silicon gates , but at equivalent costs. 

SATO without silicon gates is best used for RAMs 
and ROMs, while SATO with silicon gates is suitable 
for very-high-speed RAMs and shift registers. 

Operating voltages are +5 and - 12V. Disadvantages 
are the same as for any new process- little history or 
long-term reliability data, and a single source of 
supply. 

Refractory MOS (RMOS). From a process stand­
point, this is virtually the same as silicon gate and can 
even use the same masks . It has the same advantages 
as silicon gate with regard to the self-aligned gate 
giving low Vr and high speeds, an extra layer of inter­
connect, less chance of gate contamination because no 
photoresist is used on gate oxide, and similar layout 
rules. But here the similarities end. Molybdenum is 
used in place of polycrystalline silicon, and GE claims 
that this deposited metal promises higher yields than 
diffused silicon by eliminating over/under diffusion 
problems. The low gate conductor sheet resistivity 
buys a number of benefits , including shorter delays 
because of the lower voltage drops across the gate elec­
trode. Also , the moly can serve as a power conductor 
without excessive voltage drops, clock signals can be 
distributed either by aluminum metal or moly runs, 
and the moly can Le used for long buried runs in RAMs 
and ROMs without long delays. 

What all this says is that devices made by this pro­
cess should be faster than equivalent silicon gates, and 
that designers may find that they can lay out circuits 
differently and more efficiently. However, the process 
is so new that it is simply too early to tell. 

Once again, disadvantages crop up because it is a 
new, unproven , single-source process. 

RMOS should fit most high-speed, dense circuitry 
applications quite well. It avoids part of the contro­
versy raised by silicon gates over frequent oxide cuts 
needed in some circuits, and the operating voltages 
should be in the +5 and - 12V range. 

Double-Diffused MOS (DMOS) is a process recent-

ly-developed by Signetics. It departs from conventional 
MOS processing in that it is not mask limited to ob­
tain very precise , narrow channels. Rather , channels 
are defined by two diffusions of n and p dopants 
through the same mask opening. The drift region is al­
ways depleted, so that when the narrow channel is 
turned on the device switches at very high speeds. 

METAL CHANNEL DRIFT REGION 

I \ 

n· . p or ' SUBSTRATE 

DOUBLE-DIFFUSED MOS 

The extremely narrow channels and self-alignment 
features are independent of masks, etching, and photo­
lithography, and give very high speeds because of re­
sultant low feedback capacitances. DMOS is TTL­
compatible at input and output, can also have deple­
tion loads, has good V.,. control and gives large current 
drives. Silicon gates or ion implantation can be used 
for threshold control. 

As for disadvantages, DMOS requires one extra dif­
fusion and a precise diffusion source, has nonsym­
metrical drain characteristics and has not been proven 
in production. It also has no reliability history , has 
only one supplier and is costly. 

As of now, operating voltages are +5 and - lOV. Its 
best applications, once it is proven in production , 
should be in high-speed operations like ROMs, RAMs , 
shift registers and random logic-applications where 
speed is more of a factor than cost. 

Aluminum Oxide is not really a process but a pro­
cessing step, similar to the nitride process. The alumi­
num oxide is claimed to allow more flexibility in ad­
justing thresholds , even to the point of making possible 
depletion-mode devices on the same chip with enhance­
ment devices without having to ion implant. Not too 
much is known about this process, for the bulk of the 
work appears to be centered in Japan. 

Charge-Coupled Device is not an MOS process. 
Rather , it uses MOS processing to make potentially 
very fast (up to 100 MHz), low-power dynamic shift 
registers. Basically, it is the electrical equivalent to 
the magnetic bubble or DOT. It was developed by Bell 
Labs and essentially works by shifting charges a long 
a silicon substrate through simple voltage switching 
on a pattern of electrodes that defines the register. It 
is unique as a shift register in that it is in a sense ana­
log, for the amount of charge can be varied. This makes 
imaging devices another potential application. 

Its disadvantage, aside from the fact that it is still a 
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MOS COST 

LOW LOW-MEOIUM MEDIUM MEDIUM-HIGH HIGH 

PMOS (thin oxide) MNOS Field-Sh ield N-Si Gate MOS/Bipalar 

PMOS <'.11t> NMOS SATO DMOS 

PMOS <100> P-Si Gate Ion Implant SAG SATO Si Gate 

Ion Implantation RMOS CMOS 
(Low V,) 

Table II 

MOS SPEED 

LOW LOW-MEDIUM MEDIUM MEDIUM·HIGH HIGH 

PMOS (thin oxide) MNOS SATO Field-Shield N-Si Gate 

PMOS <llt> P-Si Gate SATO Si Gate CMOS 

PMOS <lOO> Ion Implant SAG NMOS DMOS 

Ion Implant RMOS MOS/Bipalar 
(l ow v, I 

CMOS (l ow V,I 

Table ill 

laboratory-type device , is the very stringent oxide re­
quirements. 

It can be made by most MOS processes , and lab de­
vices are using -5 and - lOV supplies at this time. 

Costs and Speed 

Costs. The ranking of costs shown in Table 2 is 
quite arbitrary, and is a consensus of industry opinions. 
Where one process or another falls on the ranking 
chart is purely a subjective opinion. It mainly depends 
on to whom you are talking. User costs are subject to 
a company's pricing policy; thus two companies making 
devices the same way can easily end up in different cost 
categories. Another item to consider is the overall sys­
tem cost to use one process or another. One process 
may produce low-cost devices, but be expensive to use 
because of the need for extensive interfacing circuitry 
and for additional power supplies. Cost is also a func­
tion of how the devices are applied, and of the design 

P-Chllnnel 

rules used to make them. One last thought about cost 
-cost is often related to the process that can most 
efficiently implement a design, and if the only way to 
solve a design application is with a "high-cost" pro­
cess , this may actually be the cheapest bet for the user. 

Speed is another one of those arbitrary things. 
Rankings shown (Table 3) are also somewhat subjec­
tive , but do represent a consensus within the industry. 
Positions are by no means agreed upon unanimously, 
but are more nearly so than were costs. 

When discussing speed, a lot depends on speed­
power tradeoffs and how circuits are used in a system. 
Some devices that in themselves appear fast can turn 
into real footdraggers when they must drive the capac­
itive loads of the real world. 

Fig. 2 is presented to put into some sort of perspec­
tive just how the different processing steps , or combi­
nations of these and materials, can affect speed -with 
all other factors ignored. It should convey the fact that 
an extremely large number of combinations that lie in 
the middle area (vs high and low ends) are able to pro­
vide equivalent speeds. Therefore , the dominant con­
sideration should be to find combinations that can be 
produced reliably in high volumes, have high yields 
and low costs, and that consume low power. D 

Fig. 2-Theoretical Selection Tree. The multitude of pos­
sible combinations is demonstrated by the branches of 
this tree. Obviously not all combinations are either possible 
or practical, but the tree shows that many different combina­
tions will result in about the same speed. 

In each process step, processes or materials are ranked 
(from top to bottom) as to which is potentially faster when 
added to the overall MOS process. Therefore if p-channel is 
selected and you go the < 111 >, Al 203 , RMOS, ion implant 
route, theoretically you would get the fastest p-channel 
device as opposed to going the < 100>, SiO,, Al gate, thick 
oxide route. On final assessment, economic criteria general ly 
determine the best technology combination. 

AIZOJ 

Ni3SI, 

SIOZ 

'----Al Gate---

< 
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I 
I 
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I - --- RMOS--- I < I 
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Glossary of Common MOS Terms 

Bipolar to IGFET 

Bipolar-Refers to npn and pnp type transistors 
in which current carriers and substrate types are 
at different polarities (as opposed to MOS de­
vices which are unipolar) . 

Body Effect -Characteristic shift in threshold 
voltage resulting from bias applied to device 

substrate. 
Carriers - Holes or electrons that are available 

in a semiconducting substrate for conduction of 
electric current. 

CCD -Charge-Coupled Device. A device in 
which circuits made by MOS technologies allow 
charges to be transferred from point to point in a 
sequential manner. 

Channel - The conducting charge layer between 
source and drain induced by the applied gate 
voltage. The charge layer is holes in a p-type de­
vice , and electrons in n-types. 

Channel Stopper - In p-channel devices it is an 
n-type ring diffused around each transistor and 
connected to ground to isolate the device and 
prevent formation of parasitic devices in the 
field . 

Chips -also called die, dice, bars. A tiny piece of 
a wafer containing an entire integrated circuit 
or "single" device. 

CMOS -Complementary MOS. A circuit with 
both p- and n-channel devices on the same 
MOS substrate. Also COS/MOS and McMOS. 

Crystal Orientation - For MOS devices, terms 
< 100> and < 111 > are commonly used. This 
refers to the angle with respect to crystal facets 
at which the silicon crystal is sliced. Each has a 
direct effect on MOS transistor characteristics. 

Depletion Mode-An MOS transistor normally 
ON with zero gate voltage applied (channel 
formed during processing) . A voltage of the cor­
rect polarity applied to the gate will force ma­
jority carriers from the channel , thus "depleting" 
it and turning the transistor off. 

Diffusion -A process of doping semiconductor 
materials by injecting impurities in controlled 
amounts at elevated temperatures. 

DMOS - Double-Diffused MOS. A process where 
n and p atoms are diffused through the same 
mask opening to give precise-sized narrow 
channels. 

Drain - Terminal which receives carriers from the 
MOS channel. 

Dynamic - Information storage using temporary 
charge storage techniques. It requires a clock 
repetition rate high enough to prevent loss of in­
formation . 

Enhancement Mode -An MOS transistor that is 
normally OFF with zero gate voltage applied. A 
gate voltage of the correct polarity attracts ma­
jority carriers to the gate area, thus "enhancing " 
it and forming a current-conducting channel. 

FET - Field-Effect Transistor. A solid-state device 
in which cu rrent is controlled between source 
terminal and drain terminal by voltage applied 
to a nonconducting gate terminal. 

Field - That silicon area on a chip not used or oc­
cupied by active transistors. 

Field Inversion <VrF)-Also ca lled "parasitic 
field turn-on ." The creation of a channel between 
two nonassociated diffused beds in the field by 
voltages on conductors passing over. 

Field-Shield - A process whereby a conducting 
layer covers the entire MOS chip (except at 
transistor terminals) between the doped sub­
strate and interconnecting conductors to control 
field invers ion problems. 

Gain - The change in source-drain current per 
unit change in gate voltage. Thus higher gain 
gives faster devices. 

Gate -Voltage-actuated control terminal of an 
MOS transistor. 

Glassivation-A process in which a dielectric 
material is diffused over the entire wafer to pro­
vide mechanical and environmental protection 
for the circuits. Also called passivation. 

IGFET - Insulated Gate Field-Effect Transistor. 
Though a less popular term than MOS, it more 
prec isely defines devices made by various MOS 
processes. 

(Co11tinued) 
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Grow with RCMs COS/MOS IC line 
and make your logic systems 
even more cost-effective 
RCA expands its broad line of COS/ 
MOS IC's again to bring the circuit de­
signer nine new opportunities to save 
space, weight , power, as well as cost, in 
his new and existing logic circuit de­
signs. The nine new types shown here 
now widen the number of COS/MOS 
functions to a total of 43. 

• Dual -in-line ceramic and flat-pack 
packaged COS/ MOS IC 's (AD and AK 
seri es} enable the designer t o pl an cost ­
effectiveness into demanding military 
and aerospace systems. Operating tern -

Formerly Commercial 
Dev. No. Circuit Description Type No . 

TA5385C 7 Stage Ripple Carry CD4024AD 
Binary Counte r CD4024AE 
w/ Buffe red Reset CD4024AK 
(CD4004A CD4024AT 
Replace ment) 

TA6018W Decade Counte r/ CD4026AD 
Divider with CD4026AE 
7 Segment Display CD4026AK 
Outputs (Display 
Enable Input) 

TA5872W Dual J/ K F -F with CD4027AD 
Set/ Reset CD4027AE 

CD4027AK 

TA5873W BCD to Dec imal CD4028AD 
Decoder CD4028AE 

CD4028AK 

perature range of these devi ces is - 55° 
to +125°c. 
• Dual -in-line pl asti c packaged COS/ 
MOS IC's (AE seri es} that open up 
many new appli cation areas in industri al 
and commercial logi c systems. Their op­
erating temperature range is - 40° to 
+85° c. 

Designers prefer RCA COS/MOS for 
these signifi cant des ign advantages: ex­
tremely low power di ss ipa ti on - Gates , 
PT= 10 nW (typ) at VDD = 10 v (50 
nW for A E series); MSI circui ts, PT = 10 

Pri ce 
1000-u nit Formerl y 

µW (typ) at V DD = 1 O V . Noise immu­
ni ty is 45% of the applied voltage over 
the entire 3 to 15 vo lts operating range. 

See your local RCA Representative 
or RCA Distributor fo r pri ce and del iv­
ery informati on on RCA's full line of 
COS/MOS Product Guide COS-278A 
write: RCA, Commercial Engineering, 
Section 501-1 /CDC65 , Harri son, N.J. 
07029. Internat ional: RCA, Sunbury­
on-Thames, U.K., or P.O. Box 112, 
Hong Kong or , RCA Lim ited , St. Anne 
de Bellevue, 8 10 Quebec, Canada. 

ncn 
Solid State 

Price 
Commercia l 1000·un it 

Package level D ev. N o . C ircuit Description Type No. Package level 

14 pin DIC $ 7.50 TA5925W Presettable, up/ down CD4029AD 16 pin DIC $11.95 
14 pin DIP 3 .35 Counter , Binary or CD4029AE 16 pin DIP 5 .75 
14 pin F .P . 8 .20 BCD Decade CD4029AK 16 pin F.P . 12.60 
12 pin T0-5 7 .50 TA5940W Quad Exclusive OR CD4030AD 14 pin DIC 3 .95 

Gate CD4030AE 14 pin DIP 1 .55 
16 pin DIC 12.50 CD4030AK 14 pin F .P . 4.60 
16pin DIP 5.95 TA5963W Triple Serial Adder CD4032AD 16 pin DIC 7 .20 
16 pin F .P . 13 .15 (Positive Logic CD4032AE 16 pin DIP 4 .25 

V e rsion) CD4032AK 16pin F.P . 7 .85 

TA5677W Decade Counter/ CD4033AD 16 pin DIC 12 .50 
16pinDIC 5 .50 Divider with CD4033AE 16 pin DIP 5 .95 
16 pin DIP 2 .65 7 Segment Display CD4033AK 16 pin F.P . 13.15 
16 pin F .P. 6 .15 Outputs (Ripple 
16 pin DIC 8 .25 Blank ing) 
16 pin DIP 4 .10 TA5951 Triple Serial Adder CD4038AD 16 pin DIC 7 .20 
16 pin F .P . 8 .90 (Negative Logic CD4038AE 16 pin DIP 4 .25 

Version) CD4038AK 16pinF.P. 7 .85 

CIRCLE NO. 15 
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Glossary of Common MOS Terms 

IMOS to W/L Ratio 

IMOS -lon-lmplanted MOS. A method for doping 
substrates with a stream of ionized dopant 
atoms. Ions are electrically shot into the sub­
strate instead of diffusing atoms at high tem­
peratures. 

Metal Gate -Refers to the use of aluminum as 
gate conductor instead of silicon or refractory 
metals. 

Miller Capacitance - Feed back capacitance 
caused by gate metal overlapping source and 
drain regions. 

M NOS - Metal-Nitride-Oxide-Semiconductor. Si Ii­
con nitride is used along with oxide as a dielec­
tric insulator between gate metal and substrate. 

MOS -Metal-Oxide Semiconductor. An FET in 
which silicon dioxide acts as a dielectric insula­
tor between the gate contact metal and the sub­
strate channel silicon. 

MTNS -Metal - Thick - Nitride - Semiconductor. 
Same as MTOS except nitride is used with the 
oxide, including the area over the gate, for low 
V r- A trademark of GI. 

MTOS - Metal-Thick-Oxide-Semiconductor. The 
oxide outside the active gate area is made 
thicker to reduce problems with unwanted para­
sitic devices. A trademark of GI. 

NMOS - N-Channel Device. Active carriers are 
electrons flowing in n-channel between n-type 
source and drain diffusion beds in a p-type sili­
con substrate. 

NSOS - Same as PSOS, except it denotes n­
channel devices. 

Oxide Breakdown - That voltage which exceeds 
gate oxide dielectric breakdown , causing a 
gate-to-substrate short. 

Pinchoff Voltage - That gate voltage needed to 
turn off a depletion-mode device. 

PMOS - P-Channel Device. Active carriers are 
holes flowing in p-channel between p-type 
source and drain diffusion beds in an n-type 
si I icon substrate. 

PSOS-A term used by some companies to 
denote p-channel silicon gate devices. 

Punchthrough - That voltage at which two ad­
jacent diffused transistor beds become shorted 

together causing a sharp rise in current. 

Q ss - Fixed surface state charge density per unit 
area. This is a function of crystal orientation and 
directly affects threshold voltage. 

AMOS - Refractory-Metal-Oxide Semiconductor. 
Refractory metals like molybdenum are used in­
stead of aluminum or silicon as the gate metal. 

SAGMOS -Self-Aligned-Gate MOS or SAG. A 
process in which materials like polycrystalline 
silicon or refractory metals are used in place of 
aluminum at the gate. These materials act as a 
mask and result in the gate being automatically 
aligned between source and drain regions. 

SATO -Self-Aligned-Thick Oxide. A term used by 
Texas Instruments Incorporated to describe a 
proprietary low-voltage, self-aligned gate pro­
cess. 

SOS -Silicon on Sapphire or Spinel. A process 
whereby silicon is deposited on an insulating 
substrate to achieve certain performance gains, 
such as speed . 

Source - Terminal which usually sources car­
riers. Since MOS devices are usually symme­
trical, it can be interchanged with the drain 
terminal in a c ircuit. 

Static -A form of information storage in shift 
registers and memories whereby information 
will be retained as long as power is applied . 

Threshold Control - Used to describe the spread 
of threshold voltages from chip to chip. Tight 
V r control means a narrow spread of VT for al I 
devices in a production run . 

Threshold Voltage (V r)- Minimum gate voltage 
needed to turn on an MOS enhancement-mode 
device. 

TTL (or T2 L) Compatibility-A term used to 
describe the capabilities of an MOS device to 
drive, or be driven by, bipolar circuitry. 

Wafer -also called "slice. " The thin slice of sili­
con (from a silicon ingot) on which integrated 
circuits or other semiconducting devices are 
simultaneously made. 

W/ L or Z/ L Ratio -Width-to-length ratio directly 
affects device gain ; thus closer spacing of 
source-drain regions gives higher gains. 
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RCA is supp ly ing production quan­
t ities of custom-designed COS/MOS 
ICs now, developed to meet the most 
exacting performance requi rements. 

Circuit designersl Breadboard and 
verify you r spec ial circu it w ith RCA 's 
broad li ne of standard COS/MOS ICs. 
Then, come and see us about convert­
ing the breadboard into a custom-de­
sig ned device. T ake advontage of 
RCA's capab ility fo r fast turn-around 

and volume production. 

• RCA produces more types of COS/ 
MOS IC devices than any other com­
plementary MOS IC manufacturer. 

• RCA's high-volume COS/MOS-pro­
duction capability means lower device 
cost. 

• RCA has the industry's most modern 
design automation facility to serve 
you r custom needs. 

For fast information on how RCA's 
custom COS/MOS ICs can help you, 
ca ll Andy Bosso at (20 1) 722-3200 -
ext. 3434. Or w ri te COS/MOS Mar­
ket ing Dept., RCA Soli d State Divi ­
s_ i on , Route 202 , Somervi lle, N.J . 
08876. In ternat ional: RCA, Sunbu ry­
on-Thames, U.K., or P.O. Box 11 2, 
Hong Kong. 

Cost-effectiveness: through 
RCA's custom-designed COS/MOS ICs 

This computer-aided facility provides rapid conversion and 
verification of art work for custom COS/MOS integrated circuits. 

RC" Solid 
State 
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FREQUENCY SYNTHESIZER 
· Full Programmability ~~N~~6 
• 0.001 Hz ta 2 MHz Range 
• Na Switching Transients 
• 0.001 Hz Resolution 
· Direct Digital Technique 

NO MIXING OR PHASE LOCKING 

• High Spectral Purity=~g~~ ~~~~1g~1~ 

H• h St b•l•t ±2 x 10-a1 °c STANDARD • 1g a 11 y ± 2 x 1Q-10/ °C OPTIONAL 

· Precision Attenuator 
0 TO 85db IN ldb STEPS PLUS CONTINUOUS CONTROL 

(PROGRAMMABLE ATTENUATION OPTIONAL) 

• High Output Voltage 
10 VOLTS P-P, 50-0HM SOURCE IMPEDANCE 

ROCKLAND SYSTEMS CORPORATION 
131 Erie Street E., Blauvelt, N. Y. 10913 • (914) 359-1818 

RCJCICl .. Rl\ID 
CIRCLE NO. 17 
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Designing \Nith Solid-State Filters 
Inexpensive ceramic resonators can replace large, cumbersome 
LC filters by using good design techniques. 

ROY W. FORSBERG, Boston Regional Editor 

Semiconductor technology has opened 
the door to the miniaturization of 
many electronic functions, however 
other factors have slowed down prac­
tical implementations. Take for ex­
ample the AM radio. It has been pos­
sible for quite a while to place an 
entire radio on a single chip except 
for the conventional LC resonant "se­
lectivity" circuit. Conceivably active 
filter approaches could be used for 
this but to date this has not been a 
cheap way to go. An alternative is to 
substitute piezoelectric ceramic reso­
nators. These can be economically 
batch-produced but they require 
special design techniques to be ef­
fective. 

Applications for ring-dot ceramic 
resonators in IF amplifier filters are 

0 

INPUT 

"10T 

primarily of two general types: 
1. Using one ring-dot resonator at 

the input and another at the output of 
an amplifying stage, with the driving 
and terminating impedances of the 
resonators being the amplifier input 
and output impedances. 

2. Having one or more ring-dot 
resonators form a lumped filter at the 
input of an IF amplifier. 

One difficulty in applying piezo­
electric devices in an IF amplifier can 
be seen in Fig. 1. The deep rejection 
notches are advantageous in some 
communication receivers, but in AM 
radios they cause loss of AGC , over­
loading and oscillator pulling. The 
stop band rejection is only -20 dB, 
and implementation on a production 
basis would present some very for-

midable difficulties. Additional prob­
lems can arise if electrode parasitic 
capacitances are allowed to combine 
with high driving and terminating 
impedance. 

However, if the resonator is driven 
from a low-impedance source and 
terminated in a low-impedance load, 
the parasitic capacitance effects dis­
appear and a smooth selectivity curve 
results. Successful operation of ring­
dot resonators in low-impedance cir­
cuits is the basis of a patent applica­
tion by General Motors. 

A ceramic resonator IF filter based 
on the preceding rationale is shown in 
Fig. 2 and the selectivity curve ob­
tained in Fig. 3. This selectivity curve 
is nearly symmetrical about its cen­
ter frequency of262 kHz, with smooth 

"I ... ' _R_, __ 
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Ci,, 
X2ICJ OUTPUT 

SCHEMATIC EQUIVALENT 
Co2I IR

C

2

2 
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0 

<ii' 
c:. 
z 
0 - 20 >= 
<( 
::> 
z w .... .... 
<( 

- 40 

FREOUENCY_. 

O>-----------t-.-----4-----<0 

Fig. 1 - An L section filter. Resonators 
Xl and X2 cou ld be piezoelectric de­
vices of quartz or ceramic. The equiva ­
lent circuit shows that each reso­
nator has a series resonance Ll -Cl 
and L2-C2 , and an antiresonance of 
Ll-Cl-COl and L2-C2-C02. These re­
sponses combine frequency-wise to 
produce the se lectivity curve shown. 

(Continued) 
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NEW 
FROM ,,.,, 

EEP • 
AND 

READY TO GO! 

LM325 
DOUBLE­
BALANCED 
MODULATOR 

Connect the supplies and filter match­
ing impedances and the LM325 becomes 
a complete, ready to use system for FDM 
channel modulation. Add a few compo­
nents and the LM325 is ready for AGC and 
other telephone applications or for use as 
a DC or AC multiplier, frequency doubler 
and amplitude modulator. 

Carrier 
Inputs 

Output 

Inputs: 
Modulatin g 
or 
Multiplier 
Signal 
(Y axis) 

Multiplier .___ __ r.\ 
Inputs ----._..f"'-~ 

(X axis) Negative Supply 
Voltage 

Features include single or dual supply 
operation, low power consumption, low car­
rier leakage, low distortion and low noise. 
Write for complete technical data and 28-
page applications bulletin for this new linear 
IC. 

PRICE 
LM325 

1-24 
$7.50 

25 up 
$6.75 

Minimum order $15 .00 

100 up 
$5.00 

Delivery: From stock. Order from: ,,,,, 
EEP 

EUROPEAN 
ELECTRONIC 
PRODUCTS 
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• CORPORATION 

10150 W. Jetterson Blvd. 
Culver City, California 90230 

(213) 838-1912 
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Solid-State Filters (Cont'd) 

rising skirts and a fairly broad nose. 

Frequency measurements made on a 

large batch of resonators showed a 

frequency spread of ±0.75% around 

262 kHz. Other center frequencies 

can be obtained by varying the disc 

diameter . 

The basis for this article was a 

paper presented at 1971 ISSCC by 

Paul Wood of General Motors Cor­

poration Research Laboratories. o 

COMMON COMMON OUTPUT 

c, L, 
500 
LINK 

Fig. 2- Ceramic resonator IF filter. Two 
ring-dot resonators are connected 
back-to-back and the output is loaded 
with a 47fl resistor. Resonators 1 and 
2 are chosen to have series resonant 
frequencies equal to within a few 
tenths of a kHz measured when driven 
from their dot electrodes. Resonator 2 
however is driven from its ring elec­
trode causing its s·eries resonance to 

47!l 

be about 0.5 kHz higher than that of 
resonator 1. Therefore, a stagger tun­
ing effect is produced with resultant 
broadening of the - 6 dB bandwidth. 
The driving source is a 50fl link, L2, 
coupled to the mixer resonant circuit 
Ll-Cl. An emitter follower could also 
be used as a low impedance driver. 
C2 is a mutual coupling impedance 
used as a bandwidth adjustment. 

Fig. 3- Ceramic resonator IF 
filter selectivity curve. The 
-6 dB bandwidth is 5.6 kHz, 
and - 50 dB bandwidth is 
50 kHz. Stop band rejection 
is - 50 dB while shape fac­
tor is 8.9:1. 

Fig. 4-Prototype realization of IF filter. 
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Avery uncomplicated 
new OEM recorder 

with just one thing going for it. .. 

You'll like what you see in our new 
approach t0 dedicated OEM strip 
chart recorders. First, we eliminated 
all those complicated moving parts 
from the writing mechanisms. No 
more pulleys, cables and slip clutches. 
Instead, there 's just one simple 
moving part-the slider/ pen assembly. 
That's because a linear servo mot0r 
keeps the pen going magnetically 
. . . and very reliably. 

When you see the HP Model 
7123, you'll notice how the low 
power servo system makes the 
recorder smooth , precise and 
trouble-free. You could 
drive it off scale around 
the clock without 
noise or danger. 

I·· • 
• • • • 
• • • • 

Even with all that, you've got a 
lot more going for you with the 
7123. Like a swing-out chart paper 
drive for quick reload ing and 
reinking. The viewing/ writing area 
is slanted so you can make notes 
right at the disposable pen tip. And 
you can work without worrying 
about a lot of circuit adjustments. 
They' re simply not needed anymore . 

Since it's an OEM machine from 
the ground up , the 71 23 

has options 

CIRCLE NO. 19 

for everybody. Select any chart speed 
and vol tage span in English or 
Metric scaling. In all, nearly 50 
options will cust0mize the recorder 
exactly t0 a specific application. 

You' ll probably be most intrigued 
by an option we call electric writing. 
Norm all y, the ink system works like a 
cartridge fou ntain pen. But electric 
writing is des igned for people who 
don't even want to mess around with 
that. A highl y stable electrosensitive 
paper that gives you a crisp, clear 

trace without ink. 
Available in full rack or 
half rack ve rsions, the 
3 1/2 inch high 71 23 
makes totally 
unattended operation 
a reality. Simplicity, 
reliability, precision 
and even electric 
writing. With all that 
going for you, you can 
turn it on Friday and 
forget about your work 
all weekend. 

To see the uncompli­
cated new 71 23 and its 
matching price and OEM 
discount schedule, call 

your nearest HP sales 
office. Or write, 
Hewlett-Packard, Palo Alto, 
CA 94304; Europe: 1217 
Meyrin-Geneva, Switzerland. 

HEWLETT . PACKARD 

GRAPHIC RECORDERS 
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How to measure SCR currents 
by Sidney V. Soanes 

Understandably, it' s easy to be 
confused about an SCR with a 
current rating of 25 A rms being 
permitted only 6 A of average 
current. We all know that the 
heat dissipated in a device de­
pends on the rms current through 
it. But we often forget that, while 
rms and average values are the 
same for de and not much differ-

on 
j.-CONDUCTION--j " 

ANGLE, 0 
2rr 

Current waveform in an SCR used in 
a half-wave rectifier. 

Conduction 
angle, (j l rm s 

5' 1.0 

30° 1.0 

60° 1.0 

90° 1.0 

120' 1.0 

150° 1.0 

180° 1.0 

de 1.0 

ent for full-wave-rectifi ed ac, 
they can be vastly different for 
other waveforms. 

In genernl, cons ider a quantity 
X ( t ) in the time interval 0 to T . 
The average value of X is given 
by 

'/ ' 

X avg = ~' f X ( t ) dt 

The rms va lue is 

Specifically, the current in an 
SCR (half-wave rectified case ) 
looks like the waveform in the 

I avg l pk 

0.10 167 

0.25 11.8 

0.36 4 .6 

0.45 2.8 

0.53 2.2 

0.59 2.1 

0.64 2.0 

1.0 1.0 

T able 1. Current relationships in a half-wave rectifier 
as a function of conduction angle. 

Conduction 
angle, (j . in 

eac h half wave l rms I avg lpk 

5 ' 1.0 0.14 118 

30° 1.0 0.35 8 .4 

60° 1.0 0.51 3.2 

90' 1.0 0 .64 2.0 

120° 1.0 0.75 1.6 

150° 1.0 0.83 1.5 

180° 1 0 0 90 1 ~ 

T a hie 2. Current rclalion3hips in a full -\\ ave rect ifier 
as a function of conduction angle. 

figure. Here. 

1 /7T . I,.,g = - I pk S in t cit = 
27T e rr-

I ,,1;( 1 - cos 8 ) 
277 

- I /~ < e - 2- sin28 ) 
- pk \) 47T 2 

The qua ntiti es of interest are 
1111.,,/ I ,.,,," a nd 11,1) 1,.,,,, fo r various 
co nduction an gles. F or half-wave 
rectificati on, Table 1 shows that , 
as e ... 0, I,.,jI ,.,,,, ... 0, and I",j 
I llll S ~ 00. 

This means, for example, that 
an SCR rated at 10 A rm ~ and 
operatin g at a :rn ° condu ction 
angle can safe ly carry only 2.5 
A avg. 

The situation is somewhat bet­
t er in a full -wave s ~· stem (e.g. , 
SCR with a bridge r ectif ie r , or a 
triac). The f igures in the 1,, ,.,, 
column in Table 2 are multiplied 

by v'2, and the fi gures in the 11,1, 

co lumn are di vided by v'Z. 
For small conducti on an gles . 

and especially fo r r ectangular 
current wavef orms in low-dut.v­
cycle operation, the junction tem­
perat ure a t the end of the power 
pulse may be con siderably above 
the average juncti on temperature. 
Thi s is important since the devi ce 
usually has to withstand blocking 
voltage immediately following the 
end of the current pulse. 

If the device junction tempera­
ture at thi s time is above the 
maximum rated valu e (which is 
the average junction tempera tu re 
in the limit cases described ) . 
thermal runaway ma~· result and 
produce fa ilure fo 1· operation in 
a nonswitchin g quadrant or turn­
on fo r operation in a switchin g 
quadrant. This calcula tion mu st 
be done separately using the 
t ran s ient thermal-impedance fig­
ures provided by the manufac­
turer . • 

Author: Dr. Soanes is with Fer­
ranti-Packard , Toronto, Can ada . 
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UNUSUAL CIRCUITS 0 Designed by readers 0 For use by 
readers D Voted on by readers. 
Your vote determines thi s issue 's winner. All circuits publi shed 
win a $25 U.S. Savin gs Bond . All issue winn ers receive an 
additional $50 U.S. Savings Bond and become eli gible for th e 
annual $1000 U.S. Savings Bond Grand Prize. 
VOTE NOW ... by circling the appropriate number on the 
reader inquiry card . Submit your own circuit , too . Mail entries 
to Circuit Design Program Editor, EDN / EEE, 270 St. Paul St. , 
Denver , CO 80206. 

Readers have voted Charles A. Herbst winner of the 
May 15 Savings Bond Award. The winning circuit 
design is " TTL Inverter Makes Stable Colpitts Oscil ­
lator ". 

Pulse generator ollers wide range ol duty cycles 
To Vote For This Circuit 

Circle 151 

by Jerald Graeme 
Burr-Brown Research Corp. 
Tucson, Ariz. 

Sampling time control and 
pulse-width modulation are 
commonly achieved with 
asymmetrical pulse trains. 
Unfortunately, if one needs 
sampling times which are 
small compared to the test 
period or if one needs large 
dynamic ranges of pulse 
width , a conventional asta­
ble multivibrator won't pro­
vide the necessary precision. 
However , a single op amp 
can readily provide precise 
duty cycle control over a wide 
dynamic range. With suit­
able component values , the 
circuit described can gener­
ate pulse trains with duty 
cycles from 0.1% to 99.9%. 
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Essentially, the op amp R2 with a time constant that 
forms the gain element of an is now R2C. Since separate 
astable multivibrator with resistors control the time in­
the two characteristic time tervals of the two output 
intervals determined by feed- states , the duty cycle is set 
back elements. Astable op-
eration is insured by positive 
feedback via R

3 
and R4 • From 

this feedback , the switching 
threshold voltage is set at 
the noninverting input. 
Switching occurs when the 
inverting input voltage is 
brought to this threshold 
level by the charging of ca-
pacitor C. 

c I 0.47µF 

R• 
10k 

R, 
1k 

R, 
1M 

by simply choosing the resis­
tors. Duty cycle is defined by 
the following equation: 

R 
Duty cycle = R 

1 + Rz 

CR1 
IN4154 

CR
2 

IN4154 
eo 

v, i n n 
1 -v,-ot=JL 

, 
IN4099 
6.BV 

L 

IN4099 
6.BV 

Capacitor charging cur­
rent is supplied from e

0 
by 

one of the feedback resistors , 
R, or ~- A positive e

0 
for­

ward biases CR, , and R, con­
trols the rate of charging 
with a resultant time con­
stant of R,C. When e

0 
reach­

es el' the output switches , 
thus reversing the polarities 
of e1 and the charging cur­
rent. The negative output 
then discharges C through 

With a suitable choice of values for R
1 

and R
2

, this ci rcuit 
can produce pulse trains with duty cycles from 0.1 % to 
99.9%. 
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For the resistor values For the component values in­
shown, the duty cycl e is dicated in the schematic, the 
equal to 0.001. period is one second. 

Period depends on the In a practical circuit, the 
values of R, and R.i and on range of duty cycles attain­
the size of the capacitor. The able is limited by the slew­
complete equation is as fol- ing rate, output current and 
lows: input bias current of the op 
Period = amp. Slew rate controls the 

R e 
where e = 4 0 

' ' R3 + R4 

large-signal rise time, and 
thereby limits the minimum 
time interval of either state. 
This minimum is also limit­
ed by the slewing rate of the 

capacitor as set by the ampli­
fier ·output current available 
for charging. With the mini­
mum interval determined by 
the preceding two factors, 
maximum interval length is 
limited by input bias current. 
This input current must be 
small compared to the charg­
ing currents supplied by R, 
and R2 . For this reason, high 
input resistance must be 
maintained by the op amp 
under input overload. A good 

general-purpose op amp, 
such as Burr-Brown's Model 
3500, can provide adequate 
performance and most FET 
op amps are satisfactory for 
this application. D 

Track•and·bold ampllller 
To Vote For This Circuit 

Circle 152 

by Richard S. Burwen 
Analog Devices, Inc. 
Norwood, Mass. 

The low input current and 
high slewing rate of the AD-
503J make it a useful ampli­
fier for track-and-hold appli­
cations. The circuit described 
here will track a ± lOV in­
put signal at frequencies up 
to 4 kHz. 

When the track-hold gat­
ing signal changes from +5V 

tric absorption. 
Use of a low-pinchoff-volt­

age FET, as specified for Q,,, 
allows the circuit to handle 
± lOV input voltages with 
supply voltages of only 
± 15V. 

In the "track" mode, the 
gating signal is at +5V, Q, 
and Q2 are cut off, and the 
gate of Q3 assumes the volt­
age at the output of A,. Thus 
the FET is zero-biased over 
the entire input-voltage 
range and has an ON resis­
tance of less than 100!1. Re­
sistor R5 adds to the ON resis­
tance so as to better isolate 
C, from A, to prevent ring­
ing. 

In the "hold" mode, both is typically less than 10 mV 
Q, and Q2 conduct, thus pull- over the full ± lOV input 
ing the gate of Q3 to - 15V. range. 
The capacitor voltage stops There are also small set­
tracking at the time when tling transients in amplifiers 
the gate voltage of Q3 reach- A, and ~' so it takes up to 
es a value 3V below the 2 msec for the output to set­
source voltage, or about 100 tletowithin lmVofthefinal 
nsec after the track-hold gat- value. The settling time for 
ing signal changes to zero. an input step of lOV in the 

Because of gate-drain ca- "track" mode is less than 15 
pacitance in Q3 , the gating- msec to within 1 mV of final 
signal swing causes a small value. 
charge (proportional to the An added error caused by 
change in gate voltage, i.e. the capacitor's dielectric ab-
15V plus the input voltage) sorption may reach 3 mV if 
to be delivered to C, . The the input does not remain 
charge causes a small offset constant long enough in the 
in the "hold" mode (relative "track" mode before chang­
to the "track" mode) which ing to "hold." D 

to zero, the series FET, Q
3

, .------ - ----- --- ------ - - ------ -------- --, 

opens and the input voltage 
is retained on capacitor C,. 
The output amplifier ~ pro­
vides a high input imped­
ance so that C, will not dis­
charge rapidly . 

Drift rate is determined 
primarily by the OFF leakage 
current of Q3 , which tends to 
be greater than that of am­
plifier ~· With a leakage of 
100 pA, the drift rate is 10 
mV/sec and the rate doubles 
every l0°C. Lower drift rate 
and higher accuracy (at the 
expense of a slower acquisi­
tion time) can be achieved by 
increasing the value of C,. 
This capacitor should be a 
type (such as polystyrene or 

INPUT 

TRACK +5V 
HOLD OV 

+15V 

-15V 

Track-hold circuit follows a ± lOV input signal at rates up to 4 kHz. 

"Teflon") having low dielec- '------------------------------------~ 
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I C POWER SUPPLY 
MODEL IPS-1 I .1 5 VOLTS AT 1 AMP 
MODEL IPl 5-.5/ .1 12 TO 15 VOLTS AT 1h AMP 

i;:{ Input ............ 105 to 128V AC-60 to 400 CPS 
i;:{ Output 

Model IP5-l /. 1 ...... Adj. 4.5 to 5 .5v DC at 1 AMP 
Model IPl5-. 5 / .1 ... Adj . 11.5 to l 5 .5v DC at % AMP 

i;:{ Line Regulation .... 0.1 % Max for 105 to 128V line 
Change 

i;:{ Load Regulation .. . . . 0 .5 % Max for 0 to Full Load 
i;:{ Ripple and Noise .......... < 1 MV Peak to Peak 
i;:{ No Derating at Amb ient Temperature up to + 50 °C 
i;:{ Over Voltage Protect ion 
i;:{ Short Circu it Proof 

Contact Us For Your Custom Requirements 

HOPE ELECTRONICS 
Box 773 Clifton N.J. 07013 201 -777-3522 

OSCILLATORS 0 AMPLIFIERS 0 MODULATORS 0 FILTERS 
ATTENUATORS 0 SWEEP GENERATORS 0 TERMINATIONS 

Cl RCLE NO. 21 

Speed your work! Improve quality! Cut development and 
production costs! Completely new edition loaded with on· 
the-job helps, quality control aids, unique items available 
nowhere else. 148 easy-to-read pages packed with new 
products, charts, diagrams, illustrations. A treasure house 
of optical and scienti fic equipment available direct from 
stock for industry, research labs, design engineers, ex· 
perimenters, hobbyists. 

AMERICA'S GREATEST ONE·SOURCE MARKET PLACE 
Hard·to-get surplus bargains. Ingenious scientific tools . 
Thousands of components: lenses, prisms, wedges, mir­
rors, mounts, accessories of all descriptions. Hundreds of 
instruments: lasers, comparators, magnifiers, microscopes, 
projectors, telescopes, binoculars, photo attachments, 
black light equipment and the largest selection of unique 
lighting items in the country. 

ORDER DIRECT WITH ABSOLUTE CONFIDENCE 

/ I 
. .. . I 

I CITY STATE ___ ZIP__ . ..J 
~---- -- -- --- - -------

CIRCLE NO. 22 
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Simple slnewave 
oscillator 

To Vote For This Circuit 
Circle 153 

by John C. Freeborn 
Honeywell Inc. 
West Covina, Calif. 

Diode CR, clamps the sig­
nal voltage e, and limits 
amplitude regeneration to 
avoid saturation of the induc­
tor or op amp. Signal voltage 
e

1 
will be an accurate cosine 

version of the output sine 
function . The amount of dis-
tortion can be made quite 
small by keeping R

1 
at the 

With the component values minimum value needed to 
shown, this circuit produces sustain oscillation. 
a low-distortion sinewave Voltage e

2 
is an accurate 

with a frequency of approxi- representation of voltage loss 
mately 25 Hz. The output across the inductor (core 
voltage e0 is around 8V pk- losses plus IR drop), since it 
pk. Any combination of in- is just equal to the voltage 
ductor and capacitor can be 
used. Output frequency can 
be calculated from the follow-

required to overcome these 
losses when R, is adjusted to 
the minimum value for oscil­
lation. The output voltage 
e0 is merely e2 multiplied by 
the amplifier gain R

2
/R

1
• (Re­

sistors R2 and R3 have the 

ing well-known equation: 

Potentiometer R, allows same value.) 
adjustment of the amount of Using other component 
regeneration applied to the values, the basic oscillator 
series-tuned circuit. To cause circuit has been operated at 
oscillation, the value must frequencies from 15 Hz to 
be roughly equal to the series 100 kHz, with total harmon­
resistance R,, of the choke ic distortion less than 0.5%. 
plus a resistance value that The upper frequency limit 
represents core losses at the appears to be set by the re-
resonant frequency. sponse of the op amp. o 

CR 1 

1N914 

L 

r - UTC ML:.a- - ~ 
I MINIDUCTOR I 

e, I "2 

: 10H RL I 
L _____ _j 

1"" 8µF 
..J.. c, 

8µF 

R, 
2k 

R2 
3k 

The upper frequency limit of this oscillator is determined 
by the response of the op amp. With the values shown, 
the frequency is around 25 Hz. 

E D N/E E E S e p t e m b e r 1, 1 9 7 1 



Design Interface 

Can EE Systems Engineering 
Solve World Problems? 

Engineers can create order out of chaos in the machine 
world, but can they do the same for the human world? We'll 
look at progress in applying engineering systems analysis in 
the larger fields of urban decay, environment pollution, etc. 

ROBERT H. CUSHMAN, New York Editor 

Complexity is "mother's milk" to our profession. Engi­
neers routinely tackle mammoth computer systems 
that have millions of diverse elements, confidently ex­
pecting that all will play smoothly together at nano­
second speeds. But what good are machine solutions if 
the social world is headed for disaster? As presently 
used, our machines may_ only be hastening the end. 
What seems to be needed is "design for survival," or 
more positively put, "design for living." EEs have be­
come adept at understanding systems in which no men 
are involved-the moon shot was feasible, some say, 
because space isn't cluttered up with bickering hu­
mans. 

Putting problem and solution together , then, can the 
EE's ability to solve complex problems be applied to 
our pressing human problems? Electronics people have 
talked about our way of looking at things to solve all 
sorts of problems for at least the past 20 years. Now, it 
seems, one engineer, Jay Forrester of M.I.T., actually 
has gone ahead and tried . . . he has sat down and at-

tempted to convert what he learned in electronics sys­
tems engineering to the analysis of major "people 
problems." Back in his engineering days - the 40s and 
50s - Forrester invented the coincident-current ad­
dressed magnetic memory systems now so widely used 
for "RAMs" in computers. He became interested in 
systems engineering when he was one of the chief 
architects for U.S.A.F.'s ambitious "SAGE" system. 

In the last decade he has transferred his skill at 
machine systems analysis over to the analysis of hu­
man systems in three logical steps: 
- First he made the relatively small jump of going 

from military systems to commercial systems; he 
made models of business organizations (see Databank 
Ref. 1). 

- Second, and much more drastic, he applied his 
modeling abilities to cities (Ref. 2). 

-Finally, he has boldly applied his modeling to our 
entire world, the entire human-ecological system of 
the planet earth (Ref. 3). 

!Continued) 
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Social Model of World 

Forrester's latest published analysis models the 
"quality-of-life" on our planet. As shown in Fig. 1 
(taken from Ref. 3), Forrester isolates the main factors 
that he believes affect our "quality-of-life." He inter­
connects them in a model structure and runs this in a 
numerical fashion on a digital computer to see how we 
can expect "quality-of-life" on this planet to change in 
the next 130 years. (The runs on IBM 360s compress 
centuries into fractions of a minute.) 

It is a pretty pessimistic model. It indicates that 
unless we fundamentally change our way of living and 
industrializing, our children will be in for increasing 
trouble and our grandchildren will wish they hadn't 
been born. "Indeed," says one of Forrester's group, 
"they might not be born." 

In constructing this model, Forrester follows the 
viewpoint of state-variable analysis. He classifies all 
the variables into two categories: level variables and 
rate variables. Simply put, level variables are those 
that remain if you "stop time," and rate variables are 

Fig. 1- Model of life on our planet: Forrester uses hydrau­
lic mnemonic symbols to make the model picture easier 
for non-engineers to visualize. He shows major accumu­
lations within the system as levels in hydraulic tanks. He 
shows pipes controlled by valves filling and draining these 
tanks. These valves in turn are controlled by information 
signals (dashed lines) from many parts of the system. 

those that only exist when time is running. (In analog 
computer terms, the level variables are the charges on 
the integrating capacitors and the rate variables are 
the charges flowing through the wires. ) 

The five main level variables he isolates are: 

1. World Population 
2. World Natural R esources 
3. World Pollution 
4. World Capital Investment (other than agriculture) 
5. World Capital Investment in Agriculture 

These levels are shown as the five main rectangles 
in Fig. 1. Forrester likens these rectangles to hydraulic 
tanks containing "levels" of the five substances. 
Though he is by background an EE , Forrester appar­
ently feels that a "plumbing" analogy is easier for 
most people to understand. 

He shows pipes carrying the "fluids" of people, re­
sources, pollution, and capital investment into and 
out of these five tanks. The flows come from, and go to, 
infinite sources and sinks represented by irregular­
shaped "lakes." His system rates are then the flows in 
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these pipes. Continuing his hydraulic analogy, he 
shows these flows being controlled by valve symbols 
inserted in the pipes. 

The valve symbols are controlled in turn by informa­
tion links - shown as dashed lines. He now drops his 
hydraulic analogy and represents the information links 
after the fashion of analog computer patching. The 
circles at the nodes of the dashed signal lines represent 
signal manipulations such as combination, gain con­
trol , delay , etc. This informational network intercon­
nects the five levels into a self-contained feedback 
system that will come to life on its own and exhibit 
behavior that hopefully is analogous to the real world. 

Model Structure Is Hardly Linear 

"When you model social systems, you must expect 
100 percent nonlinearity," Forrester says. "So, don't 
waste your time trying to approximate social systems 
with classical linear models." The nonlinearities in 
this model show up as the many multiplications (inter­
locking gain controls), the nonlinear transfer func­
tions (not shown in detail), and the delays (also not 
shown but which may be as long as many years). 

These systems also tend to be very high order. The 
five levels mean that this system is fifth order. Some 
of Forrester's past models have grown to over 20th 
order, but Forrester discourages the tendency to try to 
account for every imaginable thing. His reasoning is, 
"What is the use of completeness if it prevents the 
analyst from understanding his model?" As with engi­
neering models , the simplest representation that will 
usefully relate the major causes and effects in the prob­
lem area is always the best. 

Quantifying the Unquantifiable 

From the practical standpoint, you can't have a com­
puter do the dogwork of running a model for you until 
you quantify everything, even the things you are not 
sure of. According to Forrester, you can't make rapid 
progress in learning about the behavior of these com­
plex systems until you are before a time-share termi­
nal with the computer spewing out years of future 
"history" inside of a minute. For example, with this 
world model you can "play with the world," adjusting 
its parameters as if you were Mother Nature or a world 
leader, and within a minute have the computer draw 
out curves that will foretell the next hundred years. 

What the Model Predicts 

What does Forrester's model predict for Earth? Com­
puter printouts of the runs of the model, shown in 
Fig. 2, forecast three of the many possibilities. In each 
case Forrester cranked in a different set of gain and 

other adjustments, and let the computer step through 
the simulation at one-year computation intervals. (The 
state-variable technique is to use the levels or states 
produced by the last interval to determine the rates 
for the next. ) 

The runs span two whole centuries , this 20th and 
the coming 21st. The model was given the initial con­
ditions of 1900. Then the model was calibrated against 
the Real World by adjusting its gains and delays until 
its behavior tracked that of the world in the first 70 
years of this century. For example, the model was given 
the world population of 1-1/2 billion for 1900 and it 
was adjusted so that it generated the correct 3-1/2-
billion level for 1970. 

Once calibrated, the model was allowed to continue 
running into the future. Various man-made policies 
were cranked into the model by adjusting the gains, so 
that each run illustrated the eventual effect of a differ­
ent set of present choices. 

Chart, Fig. 2a, shows what will happen if we con­
tinue as at present. The elements that contribute to 
"quality-of-life", such as abundant natural resources, 
will go down. The things that detract from "quality­
of-life", such as population crowding and pollution, will 
go up . 

Forrester's most repeated conviction is that com­
puter runs of these models will always reveal things 
that mere mortals would not have guessed on their 
own. An example is shown in the run of Fig. 2b . Here, 
the model is adjusted to represent a decision made 
now to increase world capital investment in more effi­
cient machines. The goal wotild be to conserve our 
natural resources, but not reduce our standard of 
living. 

Forrester says that this is typical of the seemingly 
wise and logical decision that leads corporations , cities 
and the world into trouble. True, he points out, the 
computer does show the "quality-of-life" going up first 
"in our lifetime." This , in Real World , would probably 
lull everybody into a false belief that technology again 
has licked the problem. But then, 50 years from now, 
when our children's children are just getting their start 
in life , disaster hits . The simulation shows that the 
increased industrialization from the increased capital 
investment has so built up pollution that the "quality­
of-life" takes a nosedive. This catastrophe causes popu­
lation to drop , "like it has never dropped before in 
recorded history." 

"It would hit the most industrialized nations, like 
the U.S., hardest," warns Forrester. 

The model then shows violent oscillations. We asked 
John Seeger of Forrester's group, "How can this be? 
'Quality-of-life' is shown suddenly recovering and 

(Continued) 
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going way up higher than it ever was before?" Seeger 
explained that once such a catastrophe hits the world, 
our civilization would be so drastically upset that the 
model, as adjusted, would no longer apply. 

What Ooes Forrester Suggest? 

Forrester cautions that his model is still too new and 
unverified to be the unquestioned basis for designing 
policy for race survival. Nevertheless, he has put out 
some tentative conclusions. The gist of these is that 
Western-style industrialization must be slowed down 
to zero growth. He backs zero industrial expansion as 
the prime goal rather than zero population expansion 
as do many others (Ref. 4). 

Forrester is well aware that bringing a halt to in-

dustrialization goes against our materialistic culture. 
Last fall he told a House of Representatives sub­
committee on urban growth, "Our society has behind 
it a thousand years of tradition that has encouraged 
and rewarded growth. The folklore and success stories 
praise growth and expansion. But that is not the way 
of the future ." 

He urges the U.S. government and other world 
governments to stop thinking of industrialization as 
a good, humane and progressive thing, but rather to 
consider it as the cancer that could wipe our civiliza­
tion off the face of the planet just as surely as the 
H-bomb. 

This EE has traveled a long path, yet it is a path he 
probably could not have followed without his trainip.g 

Fig. 2b- lf technology helps us reduce the rate of natural resource 
consumption, while we try to increase industrialization, we 'll only 
get into trouble faster. Under the short-sighted goal of st retching 
out our consumption of natural resources, capita! investment is 
poured into more efficient plants. But the temporary rise in quality­
of-life only lulls people into a false security and they multiply 
themselves for a quicker kill by the pollution they create. 

:--- - -------------TPAST···-fu~-UR_E ____ T _______ _____ ____ r _______________ l 
i : l ! ! j 

! NATURAL RESOURC ! ! ! i 
r----------- ------1------------------:··--- ------!-----------------1------------------1 
: : : J..--- ---- : 
l : : ..,,,..--- ' .,. ! : : ,,,.,, 
i : i ,. 
: QUALITY OF LIFE r , , ' 
1------------;-;;+-'"'--...,--- -,'-r------- ------- - --~ -- -- ------- ----- -+-- -- ---------"-- ~ 
i / i '" : POPULATION i i ! ,.... l ' : : 
: ,. : 

Fig. 2c - Best choice is to establish world equilibrium immediately. 
Forrester believes the answer is zero industrial growth. In this 
history run, the decision to drastically curtail industrial expansion 
dramatically improves quality-of-life within our lifetimes, and indi ­
cates that our child.ren can look forward to a stable, pleasant 
planet. 

.. r:__________ . 
- --+------------cAPITAL I NVESTMENr---------+-----------------! 

' i .....---+-· : : : 
l y- l l ! l 
i . : i POLLUTION i i 
~ ,dao------·- 1 s~o--- ----------20~0------------:i~o-----------:ff06 
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in our technology. We note he includes courses in cir­
cuit theory in his curriculum for would-be modelers, 
whether they come from M.I.T. 's engineering or man­
agement schools. 

Will the World Use T hese Models? 

What is the likelihood that EE-type system modeling 
will ever prove useful in "people systems?" We ques­
tioned a scattered sample of social scientists and oper­
ations researchers. Many had never heard of Forrester, 
but we found at least a dozen who had. Most of their 
comments pertained to Forrester's earlier urban dy­
namics models , for the world dynamics model had not 
yet been widely publicized. 

A Rand report written last year (Ref. 5) tells some of 
the fallacies social scientists believe they see in 
Forrester's urban models. They find his lofty, ivory­
tower, universal or highly-generalized models far from 
the blood, guts and sewage they see in the ghettos. 
Also, Forrester's proposed solutions seem ridiculous to 
some of them. "This ex-engineer says we must make 
life in the cities even less attractive than it is for the 
poor , so they will be forced out to give industry a chance 
to rebuild the cities. But he does not say where the 
poor are to be pushed." 

Apparently, one misunderstanding arises because 
Forrester has so thoroughly quantized his model. He 
had to quantize everything to be able to run fast-time­
simulations spanning centuries within a minute on a 
digital computer. But some social scientists have mis­
taken his quantization as implying final-word preci­
sion on Forrester's part. Paul de Sica of Polytechnic 
Institute of Brooklyn's Center for Urban Studies, who 
has been an in-the-middle moderator in arguments on 
this very subject, says that Forrester's cold-blooded 
analytical models will probably have to be "humanized" 
before social scientists will accept them. 

Some of the most sympathetic comments we have 
heard are from younger en~ineers and operations re­
searchers who actually are at work on city problems. 
They seem to be looking ahead to the potential of the 
approach rather than, as some older engineers, criti­
cally tearing apart Forrester's present models. 

Graduate student Alan S. Hirshberg of Caltech's 
Jet Propulsion Laboratory said he has been part of a 
project that has been using its own version of Forres­
ter's urban model to study housing deterioration in 
Pasadena, California (Ref. 6). "We've been using a 
paper model as a conceptual discussion tool," Hirsh­
berg explained. "We have not mathematized it yet for 
computer simulation, but even in its present paper 
form, it has helped the city manager of Pasedena see 
what new policies should be adopted." 

Warren Walker, operations researcher with New 
York City's Rand group said that he has helped one of 
his students (Walker teaches a course at Columbia 
Univ. ) prepare a modified Forrester-type model of the 
housing situation in New York. He has found Forres­
ter's "DYNAMO" complier program quite helpful in 
mathematizing the model for computer simulation 
runs . Walker is expecting momentarily to show this 
simulation to Mayor Lindsay's experts on housing. 

But probably the wisest comment of all came from 
"old timer" Professor lthiel de Sola Pool at M.I.T. who 
is internationally respected for his pioneering in the 
use of computers for modeling people's behaviors with 
respect to what they hear , see and read. (He has mod­
eled the Kaiser's temper tantrums that started World 
War I, and President Kennedy's and Khrushchev's 
mental processes during the Bay of Pigs crisis.) 

Professor Pool told us that he thinks Forrester's work 
is very important because it permits all the diverse 
disciplines needed for solving present problems to 
have finally a precise representation of what they are 
talking about. Whether any particular model is 100 
percent accurate or not is not really important at this 
time. Pool said, "What is important is that at least 
everybody is arguing about the same thing and has 
some idea of the total complexity of the problem." 

It is our feel ing that this type of modeling may 
hasten the day when our many new problems are well­
enough defined that we engineers can go ahead and 
design the hardware systems for their monitoring, 
analysis and control. Spaceship Earth needs a com­
puter-controlled, life-support system. We have only 
so much oxygen, so much food, so much space, and we 
had better start husbanding it with electronics. D 
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DPMs Break $100 Price Barrier 
PROG RESS IN 

INSTRUMENTATION 

Three companies have introduced new digital panel 
meters that sell for under $100 in quantities of 100 or 
more: Analogic (Model AN2532), Datascan (Model 610) 
and Weston Instruments (Model 1291). 

Though some low-performance or stripped-down 
DPMs had previously been available at under $100 
in large quantities, the new DPMs cited here are all 
high-resolution, 3-1/2-d}git units. All three units have 
room-temperature accuracies of ±0.1 % of reading ±1 
count. Thus the new instruments not only offer the 
convenience of digital readout, but they also offer 
clearcut performance advantages over even the best­
quality analog meters. 

Analogic's AN2532 

The new Analogic DPM sells for $95 in quantities 
of 100, and in larger OEM quantities for as little as 
$85. It is a complete bipolar, 3-1/2-digit unit (not a 
stripped-down version), and includes such features as 
overrange blanking, BCD outputs and provision for 
linearization. Stripped-down versions (uncased or 
without power supply) are available for as little as $69 
in moderate OEM quantities. 

Analogic 's AN2532 bipolar unit sells for $95 in quantities 
> 100. Unipolar version costs slightly less. 

Datascan's Model 610 is a unipolar DPM without case. It sells 
for $95 at the 100-quantity level. Bipolar versions cost an 
extra $6. 

Analogic achieved the low costs as a result of pro­
duction efficiencies and by use of MSI ICs, some of 
which were specially developed for this application. 
The AN2532 uses "Nixie" display tubes but is also 
available with the new Sperry 7-bar inline display 
which has 1/2-inch numerals. 

Though performance of the AN2532 doesn't match 
that of Analogic's higher priced devices, the unit is 
fully competitive with other low-cost DPMs. Like the 
competing units, it has an accuracy (at 23°C) of ±0.1 % 

of reading ±1 count, while the temperature coefficient 
is ±50 PPM of reading/°C. The zero stability is ± 0.05 
counts/°C. Input impedance is over 1000 MD, with an 
input offset current of 350 nA. Common-mode rejection 
at 60 Hz is 70 dB (with 1 kD imbalance). 
Datascan's 610 

Unlike the Analogic and Weston units, Datascan's 
new DPM employs single-slope rather than dual-slope 
integration. This allows Datascan to offer bipolar 
units at almost the same price as unipolar versions. 
The autopolar (automatic display of either input po­
larity) version, Model 620, costs $101 in quantities of 
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100 (without case). The unipolar version (Model 610) 
without case is $95 at the same quantity level. An 
aluminum case and bezel cost an extra $5. 

At 25°C, the 610 has the same accuracy as the Wes­
ton and Analogic units, while the temperature stability 
is 0.015%/°C (compared with 0.005%/°C for the Analog­
ic unit). However, the 610 has an operating tempera­
ture range of 0 to 60°C, as opposed to the 0 to 50°C 
specified for Analogic's AN2532. Datascan specifies a 
warmup time of 5 min, whereas Analogic doesn't speci­
fy warmup and Weston suggests a longer warmup 
period. 

The 610 has hold and trigger inputs as standard 
features with BCD outputs available as an option (for 
an additional $10). The trigger input function is espe­
cially useful in sample-and-hold applications and for 
use with printers. Response time of the 610 is 150 msec. 
Burroughs "Nixie" tubes are used for the display 
rather than lower-cost substitutes. 

Weston's 1 29 1 

The new Weston 3-1/2-digit DPM is a single-polarity 
instrument, unlike the Analogic (which is bipolar) and 
the Datascan (which is available in a low-cost bipolar 

Weston 's Model 1291 is a complete unipolar DPM. It costs 
$99.75 in quantities >100. 

'Progress 
• an 
'Produets 

version). In quantities of 100, it sells for $99.75. 
Similar in style to Weston's earlier DPMs intro­

duced a couple of years ago, the 1291 has a height of 
only 1-3/4 inches, which is slightly less than the Ana­
logic unit and much less than the Datascan unit. This 
feature allows DPMs to be stacked on a crowded panel. 

Nominal accuracy at room temperature is the same 
as for the Analogic and Datascan instruments. But 

I 
Weston does not quote a separate temperature co-effi-
cient. The data sheet suggests that the DPM maintains 
its accuracy over the temperature range of 5 to 45°C, 
which is less than those specified for the Analogic 
and Datascan units. Weston does, however, specify a 
stability of 0.1 % for 8 hours after half an hour. This 
implies a warm-up time of half an hour, which is much 
longer than the 5 min specified for the Datascan unit. 

Most other specs for the 1291 are comparable with 
those for the other units. Common-mode rejection is 
greater than 60 dB with 1000!1 unbalance at 60 Hz. It 
should be noted that Analogic specifies 70 dB. Input 
impedance is 500 MD on the 1 V range. Though half 
that of the Analogic unit, this is still pretty impressive. 
Like the other companies Weston uses Burroughs 
"Nixie" tubes for the display. 

All of the units discussed here are available in a 
choice of voltage ranges. Weston also offers a choice of 
five current ranges. In all cases, the minimum voltage 
range is 100 mV full scale (plus 100% overrange for 
all units). Maximum full- scale voltage ranges are 1 V 
for the Analogic instrument, lOOV for the Datascan 
and lOOOV for the Weston. 

The Analogic and Weston DPMs are available from 
stock. Datascan's DPM is available from stock in pro­
totype quantities and will be available in production 
quantities in October. 

Analogic Corp., Audubon Rd. , Wakefield, MA 01880. 
301 

Datascan, Inc., 1111 Paulison Ave. , Clifton, N J 
07013. 302 

Weston Instruments, Inc. , 614 Frelinghuysen Ave., 
Newark, NJ 07114. 303 
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Magnetic surface and head tester, Model 
36, writes and reads data in a preselected 
pattern as indicated with a series of 
eight switches. Either a 15-MHz crystal 
or an external frequency source provides 
the basic write frequency. The tester 
accepts 2316- or 3336-type discs of 50- or 
75-mil thickness. Spindle rotation speed is 
3600 rpm, reducible to 2400 rpm. Wabash 
Computer Corp. , Equipment Div., 10202 
N. 19th Ave., Phoenix, AZ 85021. 304 

Keyboard design uses ferrite core keys to 
attain completely reliable contactless op­
eration. Keyboard profile is reduced by 
9/16 inch, and all IC components are 
contained within the assembly. Key 
design offers splashproof security against 
environmental office hazards. Available 
models include two-key rollover and 
optional fail safe N-key rollover. Licon, 
Div. of Illinois Tool Works, Inc. , 6615 W. 
Irving Park Rd., Chicago, IL 60634. 305 

COMl"'\.ITEft PAT• 
ltolTf!AP'AClf r&STEl'I 

Computer-interface data tester monitors 
one 16-bit word of data from a field source 
and displays th is data in digital form. The 
display indicates in alphanumeric charac­
ters one of four formats : 16-bit hexa­
decimal, 16-bit BCD, 13-bit BCD and 10-
bit binary. The desired format is selected 
by front panel switches. Dimensions are 11 
by 11 by 18 inches, and weight is approxi­
mately 14 lb. Conveyer Systems Inc., 6451 
Main St., Morton Grove, IL 60053. 306 

Portable communications terminals pack­
aged in a 7- by 16- by 21-inchcarrying case 
weigh 25 lb. Two models are available: 
"COMPROPORT" 1020 (operates at 10, 
15 and 20 cps) and 1030 (operates up to 30 
cps). Both models print 80 characters/line 
spaced 10/inch with line spacing of6/inch. 
The units are capable of producing up to 
five copies on sprocket-feed or standard 
letterhead paper. Compro Corp., 127 E. 
Dyer Rd., Santa Ana, CA 92707. 307 

Modem, Model 5220, is an originate or 
answer only unit with power supply and 
indicating lights for power and carrier 
detect when supplied. The unit is com­
patible with the Bell 101, 102 and 113 
Series, and will operate full-duplex up to 
300 bps. Bandpass filters provide mini­
mum 60 dB adjacent channel rejection. 
Unit prices are $180 without and $195 
with carrier detect. RFL Industries, Inc., 
Boonton, N J 07005. 308 

Core memories, 400 Series, are complete 
9-, 18- or 36-bit systems using extended 
range ferrite cores, and are designed for 
field expansion. Capacity may range from 
Bk x 9 bits to 65k x 36 bits or any stan­
dard increment in that range. Full cycle 
time is 900 nsec with half cycle access time 
set at 400 nsec. Rack mount power supply 
is available to provide the necessary 
voltage requirements. Fabri-Tek, Inc., 
5901 S. County Rd. 18, Minneapolis, MN 
55436. 309 

Computer Products 

Electric nonreset counters, 8Z9 Series, are 
designed for low-cost metering applica­
tions. These 6.5-oz units, running at 500 
cpm, have a maximum count of 99,999. 
Dimensions for the tamper-resistant, 
plated steel housing are 2.735 by 1.305 
inches. Power consumption is 5W. Both 
115V ac and 24V de models are available, 
priced at $4.50 each. Stock Drive Products, 
Div. of Designatronics, Inc., 55 S. Denton 
Ave. , New Hyde Park, NY 11040. 310 

Multi-frequency audible signaling device, 
"Cybertone", provides programmable 
sounds that would be easily discerned in 
the presence of high-background noise. 
Ten different sounds are available from 
the same unit. The unit emits signals of 
up to 90 dB (max) sound power level at 
one meter and operates on 12V de with a 
current drain of approximately 30 mA. 
Cybersonic Div., C. A. Briggs Co., Box 
151, Glenside, PA 19038. 311 

Sector sensor SS 301 is for magnetic disc 
units and can double the standard packing 
densities while reducing jitter to < 100 
nsec. Using an LED and phototransistor 
combination, the unit includes a de 
coupled amplifier and threshold detector 
that drives four standard TTL networks. 
The sensor is a replacement for the mag­
netic transducer that is normally used. 
Price is $28 (lots of 100). Spectronics, 
Inc. , 541 Sterling Dr., Richardson, TX 
75080. 312 
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HC-1000 
$20each 
at1000 
quantity 
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Price plus performance - that's what RCA's HC-1000, 
linear power amplifier, and HC-2000, power Op Amp, de­
liver in a big way! Available now at an attractive low 
price, these power hybrid circuits will bring new econo­
mies to your designs for industrial and commercial sys­
tems. Both the HC-1000 and HC-2000 provide these de­
sign features: 

• 7 A peak current 
• Bandwidth: 30 kHz at 60 W 
• Power output to 100 W 
• Rugged plastic package 

For fixed voltage feedback systems, su ch as audio, you 
can use the HC-1000 or the HC-2000. The added feature 
of external feedback modification on the HC-2000 pro­
vides for both current and voltage feedback - current 
feedback is an importantadvantage for servo applications. 

HC-2000 
(New, formerly 
TA7625A) 
$20each at 
1000 quantity 

CURRENT /VOLTAGE FEEDBACK AMPLIFIER 
(Current feedback shown l 

Using these RCA units you can simplify your designs in 
such areas as: 

• Servos 
• Tape drivers 
• Stepper motors 
• Linear motor controls 
• Audio systems 
• Magnetic deflection 

These are rugged units offering uncompromised reliability. 
Ask your local RCA Representative or your RCA Distrib­
utor about them. For application information on these 
devices and the RCA growing line of power hybrid cir­
cuits, write: RCA, Commercial Engineering, Section 
501-1 /UC4, Harrison, N.J. 07029. International: RCA, 
Sunbury-on-Thames, U.K., or P.O. Box 112, Hong Kong. 
RCA Limited, St. Anne de Bellevue, 810 Quebec, Canada. 

Ren Solid 
State 
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Rotating-memory sector track recorder, 
Model PM 2120 , performs all functions 
necessary for write timing, address and 
sector tracks on disc and drum memories. 
Up to eight plug-in cards may be ordered 
for any specified pattern or function. 
Pioneer Magnetics, Inc., 17 45 Berkeley 
St. , Santa Monica , CA 90404. 313 

Optical character reader System/70 is no 
larger than an office desk and is com­
prised of a remote automatic-feed desktop 
scanner, a display console and keyboard 
and a central processing unit. The system 
reads from 4- by 3.25- to 8.5- by 14-inch 
documents. Cognitronics Corp., ROCR 
Div. , 41 E. 28th St. , New York, NY 10016. 

315 

Extended-core memory ECM-50 offers 
users of IBM 360/350 computers economi­
cal bulk core storage-an addition of 10 
million bits. Cycle time is 2.4 µ,sec and up 
to eight units may be linked with a single 
360 system without equipment or soft­
ware modification. Ampex Corp., 9937 
Jefferson Blvd., Culver City , CA 314 

Digital controller/processor, Model 2000, 
features 32 instructions (single address), 
16-bit word length, MOS circuitry, a 2048 
x 16-bit ROM and a 2048 x 16-bit RAM. 
In operation, the unit executes fixed pro­
grams stored in the ROM. Teledyne Avi­
onics, Box 888, Charlottesville, VA 22902. 
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MIDWEC H44 
capacitor and the 

Typical 
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These new film capacitors achieve an almost zero 
temperature coefficient in the smallest possible 
physical size as a result of MIDWEC's exclusive 
design and processing techniques. Uniform 
performance of standard units is inherent because 
of the design and production procedures. Tighter 
TC than is shown in the charts at left can be 
attained on special order. 

- 55°C. - 25°C. 0 C. 25 C. 50 C. 75 C. 85 C. 
H448 

H44 capacitors are available in two standard 
TC ranges: H44A, S:!:20PPM/C", and H44B, 
:li :!:40PPM/C0

• Capacitance range from .01 O 
mid to 1.0 mid. 

- 55"C. -25 c . O"C. 25·c. 50"C. 15·c. s5·c. For complete data sheets, write to: 

m 
MIDWEC 

CORPORATION ....... 
MIDWEC CORPORATION 

P.O. BOX 41 7 

SCOTTSBLUFF, NEBRASKA 69361 
Phone 308/632·4127 

® A Subsidiary of Southwestern Research Corporetion 
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Computer Products 

Line printer is available as an option for 
a key-to-disc system ("KeyLogic") . The 
printer is IBM compatible, 132 column 
and fully buffered. Print speeds are 400 
and 600 lines/min, with 12-channel verti­
cal format control. Redcor Corp., 21200 
Victory Blvd., Woodland Hills, CA 91364. 

317 

Paper-tape reader NlOl operates with 
standard NOV A software and responds to 
all paper-tape reader commands. Oper­
ating at 50 cycles/sec, it can load pro­
grams five times faster than the Model 33 
Teletypewriter. Pivan Data Systems, Inc., 
6955 N. Hamlin Ave., Lincolnwood, IL 
60645. 318 

Controlled impedance cable maintains 
clear signal transmission with minimum 
crosstalk even when folded, twisted or 
stacked. Impedance is controlled to cus­
tomer's requirements with < 10% devia­
tion in acceptable ranges. Length, lead 
exposure and other requirements may be 
specified. Woven Electronics, Box 189, 
Mauldin , SC 29662. 319 

A 264-bit badge reader, Model 264A, reads 
the first 22 columns of a standard 80-
column tab card (Media I per EIA-RS-
292) or a standard size CR-60 badge with 
Media I punching. Matrix is 12 rows x 22 
columns. Instrumentation and Controls 
Div., The Hickok Electrical Instrument 
Co., 10514 Dupont Ave., Cleveland, OH 
44108. 320 

Disc memory system for IBM System/360 
and 370 computers consists of a 3100 con­
troller and up to nine 3101 disc drives, and 
stores 466 million bytes of information. 
Average access time is 29 msec. An un­
usual feature is a switch that permits 
reading of packs recorded in standard 203 
cylinder 2315 format. Itel Corp., 1 Em­
barcadero Center, San Francisco, CA 
94111 . 321 

Timesharing formatted data coupler, Mod­
el 617, generates hard copy and punched 
paper tape from outputs of digital instru­
ments. The unit is easily installed inside 
the Model 33 "Teletype" pedestal base. 
Datac Inc., 1773 S. Taylor Rd., Cleveland, 
OH 44118. 322 

Computer-interface package, Model 67, 
drives programmable waveform gener­
ators and other programmable instru­
ments. The package includes an interface 
card that fits into the I/0 slot of a com­
puter , cable, connectors and software 
(paper tape). Exact Electronics Inc., 455 
S.E. 2nd Ave., Hillsboro, OR 97123. 323 
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The new LM118 may well be the ultimate 
true differential operational amplifier. 
It not only has the fastest slew rate ever 
offered (a minimum of 50 volts per micro­
second at Av=+ 1), but guarantees it for 
every single device. In writing. 

As if that weren't enough, the highly 
versatile LM118 is pin for pin compatible 
with general purpose op amps, has a 
lMHz full power bandwidth, a unity gain 
crossover frequency of 15MHz, is inter­
nally compensated, can be offset nulled to 
zero with a single potentiometer, doesn't 
sacrifice de performance for speed, 
comes in a T0-5 package and will soon be 
second sourced. (Once again giving 
testimony to the now-famous National 

p 
R 

Linear Circuit Motto: "In order to be 
followed you have to lead.") 

Naturally, the entire LM118 series is 
available for immediate delivery at the 
following (100 up) prices: LM318H, $9.95; 
LM218H, $19.95; LM118H, $29.95. 

For more information, contact your 
nearest National distributor. Or write, 
phone, TWX or cable us direct. 

National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051. Phone (408) 732-5000. 
TWX: (910) 339-9240. Cable: NATSEMICON. 

National 
CIRCLE NO. 25 
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Solid-state readout, Series 7 49, includes 
decoder/drivers and a black bezel assem­
bly for panel installation. Readout is a 
6- by 8-dot matrix connected for 7-segment 
driving. Character heights of 0.125 or 
0.205 inch are available. Price of a three­
digit unit is approximately $32 each in 
lots of 100. Dialight Corp., 60 Stewart 
Ave. , Brooklyn, NY 11237. 324 

GUIDE RAILS 

CONTACT Ct. 

TEFLON DICl.ECTRIC 
SURFACE 

Subminiature variable capacitor tunes mi­
croelectronic circuits. Model CP2 has ca­
pacitance range of < 0.1 to > 2.5 pF, Q 
factor of over 1000 at 250 MHz and rating 
of lOOV de. Voltronics Corp. , West Street, 
Hanover, NJ 07936. 325 

Modular card edge connector with 0.156-
inch contact centers can be ganged to­
gether to custom design connectors. Series 
6318 comes in modules of 4 and 6 contacts 
with solderless, press-fit contact tails . 
Elco Corp., Maryland Rd. & Computer 
Ave., Willow Grove, PA 19090. 326 
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Capacitive position-sensing transducer 
provides 0.1 % accuracy in measuring an­
gular displ acement over 160° range. The 
Model 3-ACP-160 CPST is basically a 
high-precision three-terminal 0-4 pF vari­
able capacitor designed for applications 
where extremely long maintenance-free 
life is required. The price is $95 in lots of 
one to nine. Spearhead Inc. , 1401A Cedar 
Post Lane, Houston, TX 77055. 327 

Relay is ideal for high-speed, low-level 
three-wire multiplexing systems. Unique 
magnetic and mechanical design of the 
D3A "Multireed" relay allows high scan­
ning rates. Thermosen, Inc., 375 Fairfield 
Ave., Stamford, CT 06904. 328 

DIP heat sinks for 14- and 16-pin packages 
will operate with significantly reduced 
thermal resistance in a forced-air en­
vironment. Prices range from $0.08 to 
$0.60 depending on quantity and finish . 
Thermalloy Co., 3717 Diplomacy Row, 
Dallas, TX 75247. 329 

Components/Materials 

Linear variable differential transformer 
displacement sensors are designed for ap­
plications where voltage output directly 
proportional to displacement is required. 
Miniature, standard and high stroke se­
ries are available for a wide range of linear 
measurements. Prices start at $15 in 
quantities of 1000. Columbia Research 
Laboratories, Inc. , MacDade Blvd & Sul­
lens Lane, Woodlyn, PA 19094. 330 

Miniature and microminiature incandes­
cent lamps featuring axial construction 
are available in a wide range of ratings 
and sizes from 0.200 down to 0.022 inch 
in diam. Starlight Corp., Mountain Home, 
NC 28758. 331 

Pin springs secure wires to terminal pins 
to facilitate soldering operation. Top or 
bottom entry can be used to accommodate 
up to five wires on a pin. Lear Siegler, Inc., 
Electronic Instrumentation Div., 714 N . 
Brookhurst St., Anaheim, CA 92803. 332 
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• Wide Range: 
4-1000 MHz 

• Stability: 
Better than 
15 PPM/15 minutes 

• Non-Microphonic 
• No Range Change 

Drift 
• Fully Solid State 

the clean FM 
Signal Generator 
F.M. Signal Generator TF 2006 is another "first" in the 
field of wide-range solid-state signal generators. 
Based on separate high Q resonant-line transistor 
oscillators, this instrument provides wide deviation 
f.m. on highly stable carriers up to 1 GHz. Rigid 
mechanical construction ensures that the precision 
oscillators have very low drift and microphony. Auto­
matic levelling maintains constant r.f. output over the 
entire carrier frequency range, which extends down to 
4 MHz, and accurate step attenuators offer a dynamic 
range of 120 db. Electrical fine tuning and f.m. may be 
simultaneously applied by the drive circuitry. As a 
result of their electrical relationship within the instru­
ment f.m. as well as the fine tuning may be adjusted to 
a higher accuracy against the comprehensive crystal 
calibrator. This oven-controlled calibrator indicates 
carrier frequencies by meter nulls at 10, 1 or 0.1 MHz 
intervals and therefore provides almost 10,000 check 
points of the carrier frequency. 

111 CEDAR LANE 0 ENGLEWOOD , NEW JERSEY 07631 

TELEPHONE : (201 ) 567-0607 
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AVAILABLE UPON REQUEST ... 
Detailed specification brochure including oper­
ating principles, mechanical, electrical and 
environmental specifications. 
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Trimmer features tempco of 20 PPM/°C, no 
de offset, no thermal noise and is nonin­
ductive. Multifingered wipers are used on 
the Model 1203 to eliminate catastrophic 
fai lure and wandering output. Price is 
$3.25 in 100-piece quantities. Vishay Re­
sistor Products, Inc., 63 Lincoln Hwy., 
Malvern, PA 19355. 333 

Subminiature multipole relay with lOA 
rating is 50% smaller than existing elec­
trical equivalents. Series 76 is available 
in two- and four-pole ac/dc types for plug­
in front mounting. Sigma Instruments 
Inc., 170 Pearl St., Braintree, MA 02185. 

334 

Sprayable dielectric insulates between 
semiconductors and heat sinks. Castall 
343 combines low thermal resistance with 
high dielectric strength and can be ap­
plied with conventional spray equipment 
to thicknesses of 1 to 6 mils in one applica­
tion. Price is approximately $15/quart. 
Castall, Inc., Weymouth Industrial Park, 
East Weymouth, MA 02189 . 335 

m!' , ...-• N Engineered 
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Thermal switches feature low-profile de­
sign for applications where high reliabil­
ity is required and space is at a premium. 
Contact rating for the 400 Series is 6A re­
sistive at 28V de and 115V ac, with oper­
ating temperatures as high as 300°F . 
Kistler Instrument Corp., Overlake Indus­
trial Park, Redmond, WA 98052. 336 

Miniature dual-tracking voltage regulator 
delivers up to 500 mA from each balanced 
plus and minus 15V de output. The Model 
DVR-500 incorporates its own heat sink 
and requires no added external compo­
nents. Integrated Circuits Inc. , 13256 
Northrup Way, Bellevue, WA 98004. 337 

PC boards feature high strength and ease 
of fabrication. "Econofab" heavy-duty cir­
cuit board is designed to replace glass 
polyester board. "Econofab" standard PC 
board has a standard laminate structure 
and is priced competitively with pheno­
lic flame-retardant boards. Westi nghouse 
Electric Corp., Westinghouse Building, 
Pittsburgh, PA 15222. 338 

CIRCLE NO. 27 

Components/Materials 

Angle transducer operates on t he principle 
of flux summing with output linearities 
of 0.1 %. An isolated output proportional to 
angular shaft posit ion and another propor­
tional to rate of change of shaft position 
are provided in Model FA2 "Fluxpot". 
Permalink Corp., 327 Valley View Rd., 
King of Prussia, PA 19406. 339 

Low-cost carbon fi lm trimming and ad­
justing potentiometers are available with 
resistance ranges from soon to 1 Mn and 
a variety of styles. Price is $0.10 to $0.15 
in 1000-piece quantities. Waters Mfg., 
Inc., Boston Post Rd., Wayland, MA 01778. 

340 

Taut-band meter with a 250° span and 
±1% accuracy is avai lable in a 2-1/2-inch 
square package to measure volts, mV, A, 
mA, and µA . Integrally mounted trans­
ducers may be used with the Series 1126 
to read expanded scale volts, watts, fre­
quency or power factor. Prices start at $25. 
Kratos Instrument Div., 403 S. Raymond 
Ave. , Pasadena, CA 91105. 341 
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High-speed D/A converters, MP1812A and 
AN1812M, exhibit typical settling time to 
1/2~bit accuracy of 5 µ,sec. Typical TC of 
range and offset are 10 PPM/°C and 50 
µ,V/°C, respectively. The basic MP1812A 
is a 2- by 2- by 0.39-inch module with 
10-mA output capability. The AN1812M 
consists of an MP1812A mounted on a 
2-13/16- by 4-5/8-inch plug-in PC board. 
Analogic Corp., Audubon Rd., Wakefield, 
MA 01880. 342 

Broadband hybrid junctions in T0-5 cans 
offer high-density packaging with printed­
circuit transmission lines. Two models, 
MTH-50 and MTV-50, cover the frequency 
ranges of 1 to 100 MHz and 40 to 400 MHz, 
respectively. A third unit (MTH-75) oper­
ates from 1 to 100 MHz and is available 
for use in 75fi systems. All come with 
either pin leads or threaded-stud mount­
ing. Small quantity price is $72. Anzac 
Electronics, 39 Green St., Waltham, MA 
02154. 343 

Instrumentation amplifier modules , Model 
3621 family, come in three distinct units 
depending on input-voltage drift. The 
3621J maximum voltage drift is ± 50 
µ,V/°C, 3621K is ± 15 µ,V /°C and 3621L is 
±5 µ, V/°C. A FET-input stage has an input 
impedance of 10' 'fi and low-input bias cur­
rent of 10 pA max. Gain (1-2000) is set 
with external resistor. Prices range from 
$39 to $59, (1-9). Burr-Brown Research 
Corp. , International Airport Industrial 
Park, Tucson, AZ 85706. 344 

DC-DC converters that can be mounted on 
a PC board handle 5V with inputs of 5, 12 
and 28V and outputs of 5, 12, 15, 28 and 
200V -some exhibiting 75% efficiency. 
Input/output pins are floating with respect 
to each other and to the can , with 500V 
isolation guaranteed. Price ranges from 
$15 to $35 each , depending on quantity. 
Shane Industries, Div. of Illumination In­
dustries, Inc., 608 Vaqueros Ave., Sunny­
vale , CA 94086. 345 
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Eight- and 10-bit DI A converters are avail­
able with either current or voltage output. 
Nonlinearity is ± 1/2 LSB within 1 % of 
theoretica l va lues. Current output models, 
4020 (8-bit) and 4022 (10-bit), exhibit a 
200-nsec settling time at prices of $19 and 
$29 , respectively. Settling times of the 
voltage output units , 4021 (8-bit) and 
4023 (10-bit), are 25 µ,sec (± 5 full-scale 
output) for the same prices. Teledyne Phil­
brick , Allied Dr. at Rte. 128, Dedham, MA 
02026. 346 

Resistor networks, MN142 and MN1413 , 
combine with lntersil 's ICL 8018, 8019 
and 8020 quad current switches to form a 
12-bit D/ A converter network. MN142 pro­
vides three sets of R, 2R and 4R resistors 
plus an additional SR for the reference 
transistor. The MN143 includes necessary 
feedback , scaling and bias resistors for 
unipolar and bipolar outputs up to - lOV. 
Price is $48 in quantities of25 . Micro Net­
works Corp. , 5 Barbara Lane , Worcester, 
MA 01604. 347 

Circuits 
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Crystal controlled clock osci llator C0-236 
draws only 1 mA to generate CMOS-com­
patible output at frequencies up to 2 MHz. 
This 1.5- by 1.5- by 0.5-inch module 
mounts on a PC board and operates from 
lOV de, providing stability of ± 0.0025% 
over 0 to 70°C. Units with ±0.005% stabil­
ity (- 55 to 105°C) are available. Price for 
1-4 pieces is $105 (quantity price is $40). 
Vectron Laboratories, Inc., 121 Water St., 
Norwalk, CT 06854. 348 

COM 4D -·· 
IKTRONICS .... A520 OUT 

-·· OPERATIONAL ... 
AMPLIFIER 

Inverting operational amplifier, Model 
A520, has bipolar transistor input stage 
with < 20 nA input current and uses feed­
forward circuitry to achieve 100-MHz 
gain-bandwidth product. Other features 
include 300 V/µ,sec slew rate and settling 
time of 1 µ,sec max to 0.01% and 200 nsec 
max to 0.1 % for a 20V step. Short circuit 
protected output delivers ± 20 mA load 
current. Price for 1-9 is $49. Intronics , 
Inc., 57 Chapel St., Newton , MA 02158. 

349 

Miniature power modules convert 115V ac, 
400 Hz to any desired dual output voltage 
between ± 3 and ± 30V de at a full load 
current of 2A/output. Load regulation is 
±0.1% or 20 mV (whichever is greater) 
from no load to full load. Ripple reduction 
is 0.02% or 5 mV rms (whichever is great­
er), 25 mV pk-pk max. Prices are $395 for 
one and $355 each for 2-4 pieces. Abbott 
Transistor Laboratories, Inc. , 5200 W. 
J efferson Blvd., Los Angeles, CA 90016. 

350 
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Because 15,000 American companies knew a 

Because100,000 hard-core unemployed 

Last March, the National Alliance of Busi­
nessmen was formed to work with the Gov­
ernment on a problem of critical national 
importance. The Program: J 0 B S (Job 
Opportunities in the Business Sector). The 
Task: to hire, train and retain the nation's 
hard-core unemployed. To find and fill 
100,000 jobs by July 1969; 500,000 by 
1971. 

They are being hired. 
The first year's goal has been reached seven 
months ahead of schedule! In the nation's 
fifty larges~ cities J B S is progressing at 
the rate of 20,000 placements per month­
over double the anticipated rate. At the end 
of December, 10 ,000 hard-core workers 

60 

were on the job ... earning an average of 
$2.25/hour. 

They are being trained. 
Companies are bringing the hard-core into 
the mainstream of American business by 
providing the new workers with special train­
ing both educati nal and vocational. And 
by c nducting imaginative "sensitivity" pro­
grams to help foremen and supervisors 
understand the unique problems 1.. f the hard­
core. 

Extra training costs are being shared by 
Industry and Government. In two-thirds of 
the cases these costs have been voluntarily 
absorbed by the individual employers. One­
third of participating companies have signed 
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sound business proposition when they saw it. 

are now on payrolls instead of relief rolls. 

contracts with the Department of Labor. 

They are being retained. 
Two out of every three hard-core workers 
have remained on the job ... better than the 
normal rate for all entry-level jobs. 

Based on this high job retention level 
and upon the success of the training pro­
grams, 97% of employers surveyed said they 
will continue hiring the hard-core. They 
maintain that the J 0 B S Program is "the 
most practical way to solv~ the problem of 
the hard-core unemployed." 

J 0 BS is still urgent business! 
Success to-date has been extremely encour­
aging. But thousands of the hard-core are 
still wai ting ... waiting for the chance to 

develop their abilities; waiting to fill indus­
try's growing need for skilled workers. 

Special training funds continue to be 
available through MA-4 contracts with the 
Department of Labor. Call the National 
Alliance of Businessmen office in your city 
for complete details. 

The J 0 B S Program is more than an 
obligation to the country and to the econ­
omy. It's a prime business opportunity for 
your company. 

.. 10111 
National Alliance of Businessmen 
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Dual-output power supply, Model 203, fea­
tures 0.5A output, line/load regulation of 
0.05% and 0.5 mV ripple. Each isolated 
output voltage is independently adjust­
able over a range from 12 to 18V de. Price 
is $99 each. Viking Modules, Inc., 223 
Crescent St. , Waltham, MA 02154. 351 

D/A ~nverters of 10- , 12- and 13-bit capac­
ity feature 300-nsec settling time with a 
lOV output swing at 40 mA. Internal ref­
erence is standard. Prices range from $135 
(10-bit) to $395 (13-bit with "deglitching" 
modules). Dynamic Measurements Corp., 
6 Lowell Ave., Winchester, MA 01890. 

352 

Potted-module de power supply PM570 
measures 3.5 by 2.5 by 1.25 inches and 
has an output of± 15V de at 150 mA. Load 
regulation is ± 0.02%, input requirement 
is 115 ± lOV ac, 50 to 400 Hz, and TC is 
0.02%/°C. Unit price is $54.95. Computer 
Products, Inc., 1400 N.W. 70th St., Box 
2349, Fort Lauderdale, FL 33307. 353 

Tunable active filters, 730 Series, are 4-
pole low-pass units with externally ad­
justable cutoff frequencies. The series 
spans the 1 Hz to 20 kHz cutoff frequency 
band in four overlapping versions. Unit 
price is $69. Analog Devices, Inc. Rte. 1 
Industrial Park, Norwood, MA 02062. 

354 

Solid-state relay, called "Clarac", switches 
120V ac, 50/60 Hz (200V max peak) or 
240V ac, 50/60 Hz (400V max peak) at 3, 
4, 6 , 7, 10 and 15A. Operation requires 
control voltages of 5, 12, 24 or 48V de and 
200 mW of power. Typical response time is 
< 1 msec. C. P . Clare & Co., 3101 Pratt 
Ave. , Chicago, IL 60645. 355 

Differential op amp, Model 3002, is a vari­
able high-gain single-ended output de 
amplifier suitable for low-level instrumen­
tation and bridge input applications. Typi­
cal stability is 0.6 µ,VfC and 5 µ,V/week . 
Solid State Electronics Corp., 15321 Rayen 
St., Sepulveda, CA 91343. 356 

Circuits 

Clock oscillator, Model C0-20 is a DIP 
unit with an upper frequency range of 20 
MHz. Height is < 0.4 inch. Output is TTL 
compatible. Price is $12.85 each for quan­
tities of 5-9. Paraline Products Co. Div., 
Kleen test Laboratories, Inc. , 4835 W. 
Jefferson Blvd., Los Angeles , CA 90016. 
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Signal conditioner, Model 602 , provides 
regulated excitation for strain gage trans­
ducer and amplifies output signal from the 
transducer. Unit operates from unregu­
lated 28V de, and amplifies transducer 
output up to 5V de. Unit price is only $87. 
Viatran Corp., 1720 Military Rd., Buffalo, 
NY 14217 . 358 

Voltage regulator provides lOA, up to 80V 
and comes in a hermetic T0-3 package. It 
offers regulation well within TTL and 
DTL requirements, in addition to voltage 
shutdown and current foldback capability 
in case of short circuit. Unit price is 
$14.50. Micropac Industries, Inc. , 905 E . 
Walnut St., Garland, TX 75040. 359 

THE S1095 PROGRAMMABLE 100 MHz 
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UNIVERSAL COUNTER TIME 

STANDARD FEATURES: 
• 100 MHz and 500 MHz Frequency 
• Complete Programmability including 
Trigger and AttenuatoB • BCD Output • 100 ' 
MHz Scaling• 100 MHz Totalize • 100 NS TIM and 
Period/Multi Period 

•Model 1420 
100 MHz 

$1095 
•Model 1460 

500 MHz 
$1595 

ELDORADO 
ELDORADO ELECTRODATA CORPORATION 
601 Chalomar Rd.• Concord, Calif. 94520 • (415)686-4200 

CIRCLE NO. 28 
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Linear IC power regulator LM336 delivers 
12V output at 500 mA with line and load 
regulation of < 1%. Ripple rejection is 
typically 62 dB. Overload and short cir­
cuit protection are provided. Package 
style is standard JEDEC T0-3 metal case, 
and operating temperature range is 0 to 
70°C. Price for 100 pieces is $3.60. Euro­
pean Electronic Products Corp., 10150 W. 
Jefferson Blvd., Culver City, CA 90230. 

360 

Three series of programmable unijunc­
tion transistors-2N6119-2N6120 , U13T3-
U13T4 (industrial) and 2N6137-2N6138 
(military)-feature 150-nA maximum 
peak current and valley current as low as 
25 µ.A. Prices are as low as $0.53 (U 13T3) 
in 1000 quantities. Unitrode Corp., 37 
Newbury St., Boston MA 02116. 361 

i8:1 • I 
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BCD-to-decade decoder/driver , Model 382, 
has > 4V typical noise immunity and guar­
anteed 70V output characteristics. This 
device will drive cold cathode indicator 
tubes that require 7 mA or less cathode 
current. Available in A, B, C and M 
grades, the device comes in a J Silicone, 
an N Ceramic or an L Ceramic DIP. Price 
for either the A or C version is $6 each 
(100-999 quantity). Teledyne Semicon­
ductor , 1300 Terra Bella Ave., Mountain 
View, CA 94040. 362 
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Family of monolithic dual npn transistors, 
AD810-813, has the following character­
istics: current gain of 400 minimum for a 
10 to 5000 µ.A emitter current range, base­
emitter voltage differential as low as 0.5 
mV, maximum voltage drift of 2.5 µ.V /°C, 
base current differential < 2.5 nA and 
minimum breakdown voltage of 45V. 
Prices range from $2.40 (AD810) to $8.25 
(AD813). Analog Devices, Inc., Box 280, 
Norwood, MA 02062. 363 

256-bit bipolar random-access memory 
Am2700 offers tri-state output, typical 
chip select speeds of 12 nsec and read ac­
cess times of 60 nsec. Power dissipation is 
1.5 mW/bit. Units come in a 16-pin pack­
age. Price for 100-up mix quantity is $27. 
Advanced Micro Devices Inc., 901 Thomp­
son Pl., Sunnyvale, CA 94086. 364 

SCRs, IR140 and IR141 Series, have a 
minimum critical dv/dt of 200V/µ.sec and 
operate up to 20 kHz. Forward de blocking 
voltage is from 50 to 400V. Forward cur­
rent ratings are 35A rms and 22A aver­
age. Pulse and conventional ci rcuit com­
mutated turn-off times are 15 µ.sec (IR140) 
and 10 µ.sec (IR141 ). Prices for 100-999 
quantities range from $6.70 to $19:15 
each. International Rectifier Corp., Semi­
conductor Div., 233 Kansas St., El Segun­
do, CA 90245. 365 

NewSC's 

High-frequency FET U310 has a worst case 
input match to 75!1of1.25:1 VSWR and a 
figure of merit of 2.35 x 10" typical. Other 
features of this n-channel device are 
power gain of 16 to 20 dB at 100 MHz and 
11 dB at 450 MHz, both common gate. 
Noise figure at 450 MHz is 3 dB typical 
and dynamic range > 100 dB. Packaged in 
a T0-52 , the unit price is $5.75 for quan­
tities of 100. Siliconix Inc., 2201 Laurel­
wood Rd., Santa Clara, CA 95054. · 366 

Line of 4-layer diodes includes military, 
commercial and JEDEC types. Existing 
units can be cross-referenced to any man­
ufacturer's type numbers up to a 50V rat­
ing. In addition, special 4-layer diodes for 
unusual applications are avai lable. Amer­
ican Power Devices, Inc., 7 Andover St., 
Andover, MA 01810. 367 

Two FET analog switches, Models 1273 and 
1265, feature high switching speeds. Us­
ing thick-film screening technique and 
stacked wafers, the 1273 comes in a 12-
lead T0-8 can and the 1265 in an 8-lead 
T0-5. The 1273 functions as either DPST 
or SPDT and the 1265, a high performance 
unit, operates as a DPST switch. Prices 
range from $28.95 to $10.40 in quantity. 
J. W. Microelectronics Corp., 4901 Stenton 
Ave., Philadelphia, PA 19144. 368 
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MD/does 
business with 
the BEST ... 
COMPLETE LINE OF MONOLITHIC 
CERAMIC CHIP CAPACITORS 

TYPE K1200 

TYPE NPO 

FEED-THRU 
MDI is proud of its reputat ion for highest reliability 
products, dependable service, and fast delivery ! Our 
NPO Chips provide 3 times the capacitance as in 
ordinary NPO ceramic capacitors of monol ithic design, 
and are available in 18 standard sizes from .050" x 
.040" x .040". Type K1200 is al so available in 18 
standard sizes, plus numerous sizes in High-Voltage 
and Feed-Thru. Write for free catalog. MDI invites you 
to do business with the Best .. . call your nearest MDI 
representative or MDI direct and ask for Jim Bruce. 

Monolithic 
Di electrics 

I MDI REPRESENTATIVES 
Canada 

Anbak Sales, Canada, Ltd . 
3208 Lenworth Drive 
Cooksville , Ontario, Canada 
(416) 625-1061 

Ala., Fla. and Ga. 
Kirkwood and Associates 
3530 First Avenue, North 
St. Petersburg, Fla. 33713 
(813) 894-8240 

Arizona 
E. J. Foley & Associates 
4241 Wi nfield Scott Plaza 
Scottsdale, Ari zona 85251 
(602) 945-2665 

California 
Weightman and Associates 
1226 West Olive Avenue 
Burbank, Cal if . 91506 
(213) 849-7711 
120 Santa Margarita Ave. 
Menlo Park, Ca li f . 94025 
(415) 325-2885 

Col., N.M., Wyo., Utah 
Mile High Electronics 
1828 Pine (P.O. Box 1577) 
Boulder, Colorado 80302 
(303) 444-5615 

Del., Md., D.C., and W. Va. 
The Jay Company, Inc. 
2914 Annandale Rd . 
Fall s Church, Va . 22042 
(703) 534-7800 

Illinois 
Wood Sa les Company 
233 Lake Cook Road 
Palatine, 1 ll i noi s 60067 
(312) 359-4550 

Indiana and Wisconsin 
Raymond Klipp Associates 
P.O. Box 226 
Grayslake, I ll. 60030 
(312) 223-4837 

Iowa 
Howard Brown Sales 
3400 Indian Road, S.E. 
Cedar Rapid s, Iowa 52403 
(319) 366-0635 

Minnesota, S. Oak., N. Oak. 
Electri c Component Sales 
6524 Walker St. 
Minneapol is, Mi nn. 55426 
(61 2) 929-4494 

New England 
Normell Associates 
10 Day Street 
Newton, Mass. 02166 
(617) 969-5478 

Metro. New York, 
Long Is., and No. N.J. 

R H B Sales Company 
95 Carpenter Street 
Belleville, N.J. 07109 
(201) 687-6220 
124 Fairview Avenue 
Bayport, New York 11705 
(516) 997-8300 

Ohio, W. Penna., Mich. 
Electro-Com 
8761 Snow Rd. 
Cleve land, Ohio 44130 
(216) 886-2404 
1700 Needmor Road 
Dayton, Oh io 45414 
(513) 276-3993 

So. N.J., and E. Penna. 
Given Associates, Inc. 
Post Office Box 183 
Riverton , New Jersey 08077 
(609) 829-7249 

Texas, La., Miss., Ark., 
Tenn. and Oklahoma 

Roberts Sales Company 
9704 Lanward Drive 
Dalla s, Texas 75238 
(214) 348-4283 

Upstate New York 
Watmet, Inc. 
40 Fall s Street 
Niagara Fal ls, N.Y. 14302 
(71 6) 285-3595 

EUROPE 
Elenic 
163 Ave. Gambetta 
75 Pari s 20, France 
Tel. 797-37-69 

Inc. 

P.O. Box 647 ·Burbank, California 91503 • (213) 848-4465 
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NewSC's 

High-voltage, high-current drivers , uAR-
2001/rAR2002 Series , can be used to re­
place the SH2001/SH2002 or NHOOll de­
vices. The series offers LVcEo = 40V, 
I,. = 250 mA at 0.5V. Manufactured to 
MIL STD 883 , Level B, price is $4 each in 
100-piece lots. Integrated Electronics Inc. , 
16845 Hicks Rd., Los Gatos, CA 95030. 
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Voltage regulator Am105 offers adjustable 
output of 4.5 to 40V and the capability of 
controll ing output currents > lOA. Other 
features include 0.01 %/V ripple rejection , 
> 0.1 % load regulation and guaranteed 
line regulation of 0.03%/V. Advanced 
Micro Devices, Inc. , 901 Thompson Pl. , 
Sunnyvale, CA 94086. 370 

Read-only memory character generator 
EA4016 contains 64 EBCDIC encoded 
J apanese Katakana characters. Each char­
acter font is contained in an 8 by 10 ma­
trix. Typical access t ime is 725 nsec. Elec­
t ronic Arrays, Inc., 501 Ell is St., Mountain 
View, CA 94040. 371 

Five npn 450V power switching transis­
tors, Types 40850 to 40854 , are intended 
for 5V off- line supplies with 25 , 50, 100 or 
200A current ratings and for 30V off- line 
supplies with 5, 10, 20 or 40A cur rent rat­
ings. Prices (1000 quantity) range from 
$2.51 to $9.95. RCA Commercial Engi­
neering, Harrison , NJ 07029. 372 

Chroma IF amplifier MC1398P , a 14-lead 
device, performs color processing for TV 
receiver. The unit features an internal 
feedback oscillator that locks into phase 
at levels above 200 µ, V. In lots of 1000 to 
4999 , price is $198. Motorola Inc., Semi­
conductor Products Div. , Box 20924, 
Phoenix , AZ 85036. 373 

Photodiodes in a T05 can have isolated 
leads that offer additional flexibili ty by 
permitting use in a differential mode. 
Typical characteristics include 10 mm2 

sensitive area, 50V max depletion voltage, 
300V max operating voltage, 6- nsec rise 
time and from 3000 to lOOOA sensitivity. 
Solid State Radiations, Inc., 2261 S. Car­
melina Ave., Los Angeles, CA 90064. 374 
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DPM} he 2-1 /2-digit Model VT-50 , has full 
scale range of 1.99V de and resolution of 
10 mV with accuracy of ± 1 digit. Input 
impedance is 100 MD. Power supply, dis­
play storage with automatic zero and 
built-in calibration reference source are 
provided. Size is 2.68 by 2.68 inches and 
price is $125 each. Dixson Instruments, 
Box 1449, Grand Junction, CO 81501. 
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50 MHz combination data/pulse generator 
is priced at $925. As a data generator, the 
Model 218 produces 16-bit words in either 
NRZ or RZ format with pushbutton control 
of data content. As a pulse generator its 
pulse width is continuously variable from 
10 nsec to 100 msec in seven ranges. Data­
pulse Div., Systron-Donner Corp., 10150 
W. Jefferson Blvd., Culver City, CA 90230. 
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Spectrum analyzer main frame , Model 
MF-9, accepts any of 14 plug-ins that cover 
from 0.5 Hz to 6.5 GHz. Features include 
a 5-inch calibrated CRT, adjustable scale 
illumination and standard camera mount. 
Nelson-Ross Electronics Div., 5 Delaware 
Dr., Lake Success, NY 11040. 377 

Transfer function analyzer, the Option 440 
for use with Model 1420 linear tester, per­
mits detailed engineering analysis of in­
dividual linear ICs as well as volume pro­
duction testing. Op amps , comparators 
and voltage regulators are readily han­
dled. Price for the Option 440 is $980 
(Model 1420 is $7950). Signetics Corp., 
Measurement Data, 341 Moffett Blvd., 
Mountain View, CA 94040. 378 

Digital nanovoltmeter with sensitivity to 
10 nV, 4-1/2-digit display, automatic 
ranging, remote programming and iso­
lated input and output has resolution up 
to five places. Display rate is adjustable 
from 2-1/2 readings/sec to 1/5 sec. Price is 
$1695. Keithley Instruments , Inc., 28775 
Aurora Rd., Cleveland, OH 44139 . 379 

DPM is ac powered, has single-plane 7-bar 
fluorescent display and indicating capa­
bilities to 1999 with accuracy from ±0.2%. 
The 3-1/2-digit Model 4335-F uses dual 
slope conversion, and to prevent errors its 
display blanks when overranged. Triplett 
Corp., Bluffton, OH 45817. 380 

Equipment 

Acoustic data coupler is a 300-baud unit 
for communicating between a "Teletype" 
and another terminal or computer via 
ordinary voice-grade telephone lines. The 
"Design 76" line includes provisions for 
both acoustic and magnetic pickup, along 
with many refinements to improve trans­
mission reliability. Design Elements, Inc., 
1356 Norton Ave. , Columbus, OH 43212. 

381 

Digital thermometer that sells for $750 is 
complete with internal reference junction, 
digital linearization and BCD outputs. 
Standard thermocouples accommodated 
by the Series 2600 instruments include 
types J, K , T, S, R and E. Readings are 
made directly in degrees, thanks to 58-
segment drift-free digital linearization. 
Newport Laboratories, Inc., 630 E. Young 
St., Santa Ana, CA 92705. 382 

Curve tracer, the "Telequipment" CT71, 
displays the characteristic curves of a 
wide range of transistor , FET .and diode 
semiconductor devices on its 10 by 10 cm 
(5-1/2 inch) CRT. Price complete is $795. 
Tektronix, Inc., Box 500 , Beaverton, OR 
97005. 383 
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2 Pen Strip Chart 
. . . for those appllc8tlona rtqttlt'fftl two•ulfMeous 
tun scale recordlnga, the aerlft l-3800 la the 
Ideal, economical r8cordl, tool. 
Paper size: 10 f28cm) x 100' 
9 pushbutton speeds: .05 to 20 In/min. 
Plug-In modules: a dozen different slgnal condition-

Electrlc pen llft 
and event marker: 
Price: 

ing modules are Interchangeable 
\ between Y1 and Y2 axea. 

standard 
Model 2-~52 $1205. 
plua selected Y axes modules. 

Automatic Integration for GC 
. . • Is posslble slmply by plugging the new type 13 module 
Into the Serles 2-3300-52 recorder. The lnte~ral Is 
recorded In the Y2 c(lannel, using the full 10 ' chart 
width for recording. The trace Is "folded" at the 
bottom and top of the chart grid so that Integration 
continues lndeflnltely, providing Improved resolution. 
Type 13 Module costs $475. Write for brochure which 
fully describes the recorder, Integration and peak 
area measurement. 

Economical Point Plotter 
... Is achieved by plugging two modules Into your standard 
model 3000 strip chart recorder. Modules 16 and 17 
convert the strip chart to a true point plotter for handling 
data from Pulse Height Analyzer, Olgltal Oscilloscope or 
Averaging Computer. The cost Is nominal, only $1695. 

• 4 resolution selections: .025", .050", .075" and .100". 
• Interchangeable Fibre Tip Colored Pen Points 
• Maximum sensitivity setting 1 mv/ln. 
• At resolution setting of 40/ln. plottlng rate Is 15 points/sec. 

(wlll plot 400 channels In approximately 27 sec.) 

Write today for the newest Houston Instrument brochure describing the expanded 
variety of functions available to present users of the HI model 2000 X·Y and model 
3000 strip chart recorders. Twelve plug-In modules avallable ... and more In A&D. 

®A registered trademark of Houston Instrument 

o=u@llil@~@011 I 
T en' 

DIVISION OF UUllCM & LDMll(i ins rum 
49!50 TERMINAL AVENUE, B E LLA IR E , TEX A S 77401 

C713l 667·7403 C ABLE HOINCO 

(l;)@!YJ~ l 
instrument I 

Johannesklrchner Strasse 17 
European Office 8043 Unterfohrlng, Munchen , W. Germany 

(0811) 97-1 673 

Cl RC LE NO. 30 

Equipment 

Digital correlation and probability ana­
lyzer is a 400 point, real-time device that 
operates in correlation, probability and 
signal-enhancement modes. Analyzer out­
puts can be displayed or read out on ana­
log or digital devices. Price is $7800. 
Signal Analysis Industries Corp. , 595 Old 
Willets Path, Hauppage, NY 11787. 384 

50-MHz pulse generator offers variable 
rise and fall time plus baseline offset. The 
Model 5113 delivers lOV into a 500 load 
at duty cycles up to 100%. The price is 
$950 each. Data Dynamics Div., 240 Hum­
phrey St. , Englewood, NJ 07631. 385 

Water test kit, Stock No. 71 ,472 , contains 
everything needed to test for dissolved 
oxygen, hardness , chlorides, phosphates 
and hydrogen sulphide in water samples. 
Price for the complete kit is $15.95 post­
paid. Edmund Scientific Co., 380 Edscorp 
Bldg., Barrington, NJ 08007. 386 

Differential ac preamplifier with 500 Mn 
input resistance , gain of 100 and mini­
mum output signal of 5V has CMR of 
50,000 at 60 Hz. Model DAM-6 is battery 
powered. W-P Instruments, Inc., Box 4059, 
Hamden, CT 06514. 387 

DC power supplies with 100 dB attenua­
tion of low-frequency noise, the PDC Se­
ries , totally filter transients at frequen­
cies below 1 MHz. Noise attenuation is 
100 dB with virtually no noise/spike re­
sponse time. Both 0 to 40V de at l.6A and 
0 to 16V de at 4A versions are available. 
Wanlass, Div. of AMBAC , 525 Virginia 
Dr., Fort Washington, PA 19034. 388 

Infrared thermometer, the ThermoProbe 
Model TlOOO, measures areas as small as 
0.05 inch with temperatures from 20 to 
500°C at an accuracy of 1°C (below 120°C). 
Raytek Inc., 1277 Terra Bella Ave., 
Mountain View, CA 94040. 389 

Digital and countdown clocks of the Model 
9100 series are precise time standards. 
The digital clock provides both a 9-digit 
time display and a parallel BCD time out­
put. The countdown clock provides precise 
time for use in elapsed-time applications. 
Count range is 0 to ±99 hrs, 59 min, 59 
sec. Datum, Inc., 170 E. Liberty Ave., 
Anaheim, CA 92801. 390 
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Frequency response analyzers are fea­
tured in Catalog No. 7172, with 26 pages 
providing complete specifications, model 
numbers, dimensions, ranges and prices. 
Bafco, Inc., 717 Mearns Rd., Warminster, 
PA 18974. 201 

U-core ROMs are the subject of this eight­
page brochure which outlines the theory, 
operation and use of ROMs. Datapac, Inc., 
3180 Redhill Ave., Costa Mesa, CA 92627. 

202 

Isolation amplifier with 5000V input-to­
ground rating is described in a four-page 
data sheet with specifications, perfor­
mance curves and application informa­
tion. Analog Devices, Inc., Box 280 , Nor­
wood, MA 02062. 203 

"Stepper Motor Handbook" contains 28 
pages covering the design, application and 
selection of permanent magnet stepper 
motors along with mechanical and perfor­
mance specifications. Compensation net­
works , logic boards and variable-speed 
stepper drives are also discussed. A. W. 
Haydon Co., 232 N. Elm St., Waterbury, 
CT 06720. 204 

Circuit breakers for OEM front-panel ap­
plications are briefly described and il­
lustrated in a six-page brochure featur­
ing Type J hydraulic-magnetic breakers. 
Heinemann Electric Co., 127 Magnetic 
Dr., Trenton , NJ 08602. 205 

"Materials for Semiconductor Applica­
tions" is a 32-page catalog covering new 
products used in research and the manu­
facture of solid-state devices. Transene 
Co., Inc., Rte. 1, Rowley, MA 01969. 206 
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"Touch-Tone" receivers are covered in a 
12-page brochure detailing a complete line 
ranging from small key systems receivers 
to central office receivers. International 
Components Corp., Asbury Ave. & Bowne 
Rd., Asbury Park , N J 07712. 207 

"An Introduction to MOS/LSI" describes a 
unique approach to obtaining prototype 
custom MOS circuits. A six-page fold-out 
brochure details process steps, process and 
electrical parameters , recommended de­
sign layout guidelines and masking speci­
fications. Advanced LSI Technology, Inc., 
639 N. Pastoria Ave. , Sunnyvale, CA 
94086. 208 

Literature 

Condensed semiconductor catalog con­
tains 72 pages showing entire line of 
transistors, FETs, diodes, and linear, digi­
tal, hybrid and MOS microcircuits. Tele­
dyne Semiconductor, 1300 Terra Bella 
Ave., Mountain View, CA 94040. 209 

PC card guides, brackets , card racks, card 
storing and shipping containers are cov­
ered in this 12-page catalog. UNITRACK, 
Div. of Calabro Plastics, Inc., 8738 W. 
Chester Pike, Upper Darby, PA 19082. 

21 0 

Magnetic disc recorders used to record and 
reproduce bandwidths up to 12.6 MHz are 
described in Brochure D-171 and Specifi­
cation Sheet D-170 . Ampex Corp., M.S. 
7-13, 401 Broadway, Redwood City, CA 
94063. 211 

-Microprogramming handbook covers the 
subject in a practical and comprehensive 
manner. In precise terms it tells how to 
microprogram, why the concept is effective 
and when it is most appropriate. This 
352-page handbook may be obtained by 
writing on company letterhead to Micro­
data Corp., 644 E. Young St., Santa Ana , 
CA 92705. 
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Gentlemen: ~~/ ;f, ~.-, 
This is to request the publication of a few comments ~ fh 
on Mr. Nigberg's prophecies on "Minicomputer vs 1/1 

Programmable Calculator" which I read with be- ~ ~ 
musement in your April 1 issue. The statement ~ 
"programs written for minicomputers are more 1

( ifiE~~=!:!;:;:•:::1 
readily understood by persons other than their 
authors" seems particularly puzzling. Could I sub­
mit, as an illustration, a minicomputer program 
and a calculator program for printing out the 
values -9 , - 8 , ... through +9. (See illustration). 

After comparing these two programs for ease of 
reading, let us examine the question of the "lan­
guage", mentioned by Mr. Nigberg. While the calcu­
lator program is immediately executable, the mini­
computer program is a lways written in a "language" 
(in our example, assembler), and must first be com­
piled, or assembled. This step may involve reading 
in a compiler , or an assembler (sometimes a 20-
min procedure). Ever more often it will involve use 

May I venture to predict that 
there will be an ever growing 
number of repetitive applica­
tions , where the user wants a 
large variety of immediately 
available programs on his desk­
top! And may I promise that the 
calculator people, too, are likely 
to develop interesting novelties! 

of a large computer. 

CALCULATOR PROGRAM ' 

COMMENTS 

-I> KEYBOARD REG. 

-MEM I 

OPIRAND 

I ~~ _L I .l_ I I 

..L 1...L A.SS~ I _j_ ...L I ...L ...L..L I _L 

~~...L.1. qE}_ _L 7 -1...L 1.1_.l_ _L 

C11_F HEX 1 rsD¢A' 
I I _L _L _L I 

l_j_MP ..L X 't1 _L _L ..L _L 

[JAM 1 X PRT9 1 _L -1...L 

_L JM_I'. 11. ~PRT9) 
...L .J. _L ...L 

5~1 _i!l , ' _L I _L .J. _L _L _L -1...L 

L~ -1. o~ 1 -2:t'. . 1<'31~\ll' _L I .J. -1...L 

_L o1~ V,AL,l ;!11 ~ ' I 

_l _:tl.i _L ~AL _L_L_L_L I ..L.J. ' I _l,_L _L_L 

.J. ...L 
ADD ~'11 l _L _L _L _L _L 

..L I STA -1. VAL 
_L I .J.-1.-1. I 

_l SDG 
I r,,+9 ..1. ..L 

...L ...L..L HL T -1. 
_L .J. _L 

..L . 5".1_T, I _L_L I _j_ I _L ..L-1. 

...L...L..1-... 
END 

_l, STAl I _l, ..L I 
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It is quite likely that the eco­
nomic philosophy of the Seven­
ties should be favorable to an 
increasing use of economical 
equipment. And the programma­
ble calculator will become more 
and more powerful. One more 
generation, and the difference 
between the new programmable 
calculators and the minicom­
puters may be in the simplicity 
of programming and ease of use 
only! 

61 
Thomas P. Bun 62 
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Sr. Staff Engineer 
Marchant Electronics 
Oakland, CA 94608 
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COMMINTS 

As~~ UJ._ ~OC_ii:f.fil..l ~E 
AE1TJ_'l_E SY MBD_l TA8 L ~ I _L 

- 9 ::LJ..2[_A~" • .1_ 1 ...L.1._L I 

HEX ~A - "CALF" I '_i_ I _L I 

RESE_l PRqG_fAi'I CO_.l'.~ TER 
_L 

J UIJ.P ~ND ,f1f~K TO ADDA . WO~ , I _L 

RElUf1 T3_ _f AOGRAM ...L _L 

w~ 

OUT':.l'._T 'W'~HEX, nv,2 w..1. , , I 

OUTPpT "VAl" , DEC_tTTY , 1 w • ..L , 

" VA':_;'...!. --..i....15_G.1.A ...L ' _L _L • _L _l, 

+1 I .l__t_fS_G.1. A _L 

~~ - "VA~ " • _L j_ .J. I I I 

SKIP DEC }l > 9 

HALT 
-1...L..l...l. _l_ I 

SA~SYMBOL...LT~ ...L _L 

[~D fSSEMB~Y; JU~P TO " STAT" -1. 

More on Engineering Lobby 
Sir: 
Re the comments on lobbying in Signals 
and Noise, June 15 issue. 

A lobby has been set up and in opera­
tion for nearly 40 years. It is the National 
Society of Professional Engineers. For 
years, it was possible to become a perma­
nent member of NSPE only if you were a 
registered professional engineer in a 
state. (Student memberships and asso­
ciate (engineer-in-training) memberships 
of limited duration were and are available 
to nonregistered engineers). Now, how­
ever, permanent membership with es­
sentially full rights (Senior Associate 
Member) is available to certain grades of 
members of the technical societies. Also 
available to any engineer, is the affiliate 
grade (Government Action Affiliate). This 
grade can cost as little as $10 (state only), 
$15 (national only) or $25 (state and na­
tional), with additional charges for op­
tional services such as magazine sub­
scriptions. Details can be obtained from 
your local chapter of NSPE or from NSPE 
at 2029 K St. N.W., Washington, D C 
20006. 

I suggest that the $1 per engineer lobby 
hypothesized by Mr. Jack Wiens is not re­
alizable-collection costs would eat up 
the money. The NSPE services come fa ir­
ly close in cost -and have been proven 
by the test of time. 

Robert Irving 
Senior Member, IEEE 
S enior Assoc. Member, NSPE 

" Still working on your 

transient phenomena project ?" 
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Designed to meet 
requirements of MIL-L-36618 and 
MIL-L-6723. 

Sizes for mounting in 
15/32", l/i'' or 17h2 " clearance hole . 

Incandescent for 
1.35 to 28V and neon for 
105-125V AC-DC or 110-125V AC. 

Patented built-in 
current limiting resistor 
(U.S. Patent No. 2,421,321) . 

Wide selection of lens 
shapes and colors, hot-stamped 
or engraved legends. 

Available off-the-shelf 
for prompt delivery. 

Send for free catalog 

---

Dialight Corporation 
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(212) 497-7600 

~ 
A NORTH AMERICAN PHILIPS COMPANY 

CIRCLE NO. 31 

EON 

Sales Offices 
E. Patrick Wiesner 

Publisher 
270 St. Paul St. 

Denver, Colorado 80206 
(303) 388-4511 

Hugh R. Roome 
National Sales Director 

205 E. 42nd St. 
New York City , New York 10017 

(212) 689-3250 

NEW YORK CITY 10017 

Gerry Haberman , Distri ct Manager 
Richard Millar, District Manager 

205 E. 42nd St. 
(212) 689-3250 

BOSTON 02116 

Ri chard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 
(617) 536-7780 

PHILADELPHIA 19103 

Steve Farkas , District Manager 
Penn Towers 

1819 John F. Kennedy Blvd . 
(215) 569-2424 

CHICAGO 
John Huff, Regional Manager 

Terry McDermott , District Manager 
15 Spinning Wheel Rd. 
Hinsdale , Illinois 60521 

(312) 654-2390 

DENVER 80206 
John Huff , Regional Manager 

270 St. Paul St. 
(303) 388-4511 

SAN FRANCISCO 94103 
William J. Healey, District Manager 

1111 Hearst Building 
(415) 362-8547 

LOS ANGELES 90036 
Ed Schrader, Regional Manager 
Harry Fisher, District Manager 

5670 Wilshire Blvd . 
(213) 933-9525 

High-Speed Digital Power 
Supplies. Unique Series 3530 offers O 
to ± 1 OOV and 0 to 1 OA. Remotely pro­
grammed in BCD or binary (14-bit with 
sign) at speeds greater than 1 OkHz and 
accuracies of 0.1 % . Digital input con­
trols output with TTL logic levels. Isola­
tion 1 Opf AC and 2,000 megohms DC. 
Repeatability 0.005%. 
SRC/ MOXON CIRCLE NO. 41 

$84.00 Isolated Miniature 
Power Supplies. Compact Model 3564 
exceeds specifications of high priced 
supplies. Low 0.1 pF AC and 10,000 meg­
ohms DC isolation (due to fiber glass 
front panel, precise component place­
ment and multi-shielded XFMR) . Ripple 
75uV p-p . Front panel 10-turn pot. 
adjusts output 0-25VDC, 0 to 200mA. 
SRC/MOXON CIRCLE NO. 42 

Universal Signal Conditioner. 
Excite transducers, troubleshoot or cali­
brate complete systems with Model 2541 
or 2545. Modular plug-in construction 
allows individual channels to be adapted 
for conditioning of strain gages, thermo­
cou pies , RTB 's, potentiometers , etc . 
Highest performance in industry. 
SRC/MOXON CIRCLE NO. 43 

SRC 

Ill 
SRC DIVISION/Moxon Inc. 
2222 Michelson Drive 
Newport Beach, Calif. 92664 
Phone : {714) 833-2000 
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Capacitors . . . ..... . .. . Monolithic Dielect rics Inc. . . .. ... 64 29 

Capacitors, Variable ....... Voltronics Corp .......... . . . .. 56 325 

Electronic Components . .. . . Corning Glass Works .... . • . .... 6-7 

Networks, Component . . . . . . Corning Glass Works .. .. ..... 4 
Networks, Ladder . ... .. . .. Micro Networks Corp. . ... 59 347 

Networks, Resistor .. . .. . .. CTS Corp ........... .. .... 12-13 10 

Potentiometers . . . . . . . Bourns, Inc ............ ... 20-21 13 

Potentiometers, Trimming .... Vishay Resistor Products, Inc .... ... 58 333 

Potentiometers, Trimming .... Waters Mfg., Inc. . . . . .... 58 340 

POWER SUPPLIES 
Power Suppl ies . .. . . ..... Abbott Transistor Laboratories, Inc ... . 59 350 

Power Supplies ...•. . ... Acop ian Corp. . .......... Cover II 

Power Supplies .... . ..... Computer Products, Inc. . ........ 62 353 

Power Supplies .. . • . . ... Hope Electron ics ... . . ... .. ... 44 21 

Power Supplies . . . .. . . .. SRC Div./Moxon Inc. . •... • .. .. 69 41 

Power Supplies .. .. . . ... SRC Div./Moxon Inc . . . . . . . • . . . . 69 42 

Power Supplies .. . . •..... Viking Modules, Inc. . . 62 351 

Page R.S. No. 
Power Supplies .......... Wanlass, Div. of AM BAC ...... . . . 66 388 

Supplies, Emergency ....... Onan Corp. . . . . . . .. . •.. ... 72 231 

Voltage Regulators ........ Micropac Industries, Inc. . • .. •. .. 62 359 

PRODUCTION EQUIPMENT 
Producti on Equipme nt ...... Hughes Aircraf t Co. 18 293-

298 

Recorders, Track ...•.. . .. Pioneer Magnetics, Inc .. . . .. .. . .. 54 313 

SPECIAL PRODUCTS 
Audio Devices ........... Cybersonic Div., C. A. Briggs Co ..... . 52 311 

Kits, Water Test ...... . .. Edmund Scientific Co. . ......... 66 386 

SPECTRAL DEVICES 
Displays, LED .... . . ..... Dialight Corp ..... . ... • . .• ... 56 324 

Lamps, Incandescent ....... Starlight Corp .... .....•.. .. .. 56 331 

Lamps, Indicator ...... . .. Dialight Corp .. .. . • .. . •.. • .. . 69 31 

Sensors ... .. . ... • .. .. Spectronics, Inc. . ...... . . . ... 52 312 

Tubes, Alphanumeric ....... Imaging & Display Devices, 

General Electric Co. . . ........ 72 230 

SYSTEMS/SUBSYSTEMS 
Computations, Analog . ..... Bell & Howell , Control Products Div .... 72 229 

Counters, Electronic ..•.. . Eldora do Electrodata Corp. . ...... 62 28 

Meters, Digital Panel ..•... Analogic Corp. . .... . .. . •.... 50 301 

Meters, Digital Panel ..•... Datascan, Inc .. . ....... • ..... 50 302 

Meters, Digital Panel .. . . .. Weston Instruments, Inc. . ..... .. 50 303 

Receivers, Multifrequency ... . International Components Corp . . . . .. 67 207 

Recorders, Magnet~c Disc . ... Ampex Corp .. . ..... .. ... . ... 67 211 

TEST EQUIPMENT 
Analyzers, Disc & Head ..... Wabash Computer Corp. . . . • ..... 52 304 

Ana lyzers, Frequency Response . Bafco, Inc. . .. ... .... . . . . .. . 67 201 

Analyzers, IC ....... . . .. Signetics Corp ., 

Measurement/Data ........ .. . 65 378 

Analyzers, Spectrum . . .. Nelson-Ross Electronics Div. . ..... 65 377 

Generators, Data/Pulse ..... Datapulse Div., Systron-Donner Corp. . . 65 376 

Generators, Pulse ........ Data Dynamics Div .......... ... 66 385 

Nanovoltmeters, Digital ..... Keithley Instruments, Inc. . . • . .. .. 65 379 

Oscilloscopes . .. . . ..... . Hewlett-Packard Co. . . . . . . . • . . . 1 

Oscilloscopes ... . .. . . . . Tektronix, Inc. . . . . . . . • . . . . . . 8 

Signal Sources ... . . ... .. Marconi Instruments .... . ..•. . . 57 26 

Signal Sources .......... Rockland Systems Corp . ... .. • ... 36 17 

Testers, Computer Interface ... Conveyer Systems Inc. . ..... . 52 306 

Thermometers, IR . . .. .. . .. Raytek Inc. . .... • .... 66 389 

Tracers, Curve ... ........ Tektronix, Inc .. . .....•. .. .... 65 383 

Vol tmeters, Digital . .. .•... Hewlett·Packa rd Co . .. . •...•. .. 17 11 
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APPiication Notes 
RFI shielding effectiveness of "Sticky-Fin­
gers" copper finger contact strips is eval­
uated in a report giving results of certified 
tests, including descriptions of test condi­
tions and evaluation results when exposed 
to magnetic, electrical and plane wave 
fields. Instrument Specialties Co., Inc., 
244 Bergen Blvd., Little Falls, NJ 07424. 

225 

Voltage regulator an 8-page application 
note shows how to evaluate and apply 
voltage regulator specifications to realize 
their full potential in circuits. Subjects 
discussed include constraint and per­
formance specifications for monolithic, 
hybrid and discrete de regulators. Tele­
dyne Semiconductor, 1300 Terra Bella 
Ave., Mountain View, CA 94040. 226 

"Predicting Servomechanism Dynamic 
Performance Variation from Limited Pro­
duction Test Data" is an article reprint 
dealing with the type of data necessary to 
determine production spreads for large 
families of electrohydraulic servos, and 
methods by which adequate performance 
can be guaranteed with a minimum of 
check points. Weston Instruments, Inc., 
County Line Rd., Hatboro, PA 19040. 227 

Electrical connections to incremental shaft 
angle encoders are the subject of a 12-page 
technical note, TRN-101. The note deals 
with proper encoder loading, voltage drops 
in the power lines and recommended pro­
cedures for connecting cables to encoders. 
Trump-Ross Industrial Controls, Inc., 265 
Boston Rd., Billerica, MA 01862. 228 

Custom analog computational systems are 
the subject of a 22-page set of application 
bulletins which describe the versatility 
and simplicity of putting together systems 
that will meet practically any specifica­
tion. Systems are described with illustra­
tions for a variety of applications. Bell & 
Howell, Control Products Div., 706 Bost­
wick Ave., Bridgeport, CT 06605. 229 

"Alphanumeric Devices, Application 
Notes" is a 12-page brochure describing 
basic circuits that may be used to operate 
GE alphanumeric tubes in display ap­
plications. Technical data are presented in 
tabular and graphical form, and general 
characteristics of the tubes are included. 
Imaging and Display Devices, General 
Electric Co., 309 Nolan Building, 2100 
Gardiner Lane, Lousville, KY 40205. 230 

Design Data 

"Power Failures Can Be Security Failures" 
is an article reprint which explains the 
problems that can occur when the normal 
source of electric power is interrupted in a 
manufacturing or commercial facility, and 
suggests that these problems can be mini­
mized with a "Power Failure Plan''. Onan 
Corp., 1400 73rd Ave. N.E., Minneapolis, 
MN 55432. 23 1 

"Elements of Spectropolarimetry" is a five­
page application note which gives defini­
tions and equations for plane, circular and 
elliptically polarized light. It explains 
optical rotation and circular dichroism 
and the relation between the two. A brief 
introduction to optical activity measure­
ment in molecular spectroscopy is pro­
vided. Durrum Instrument Corp., 3950 
Fabian Way, Palo Alto, CA 94303. 232 

"Bridge Balancing and the Two-Phase 
Lock-In Amplifier" is the title of Applica­
tion Note AN-104 which describes the use 
of two-phase lock-in amplifiers in balanc­
ing ac bridges. In addition, the brochure 
provides diagrams of 13 types of imped­
ance bridges, their balance equations and 
the advantages and disadvantages of 
each. Princeton Applied Research Corp., 
Box 565, Princeton, NJ 08540. 233 

Rep riots Available;, .. ;,;,,,.., ......... ""··· 
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Now you don 't have to put up 
with a lot of production line 
problems to capitalize on the ad­
vantages of ceramic chip capac­
itors. We 've developed a manu­
facturing process (different from 
any other in the industry) that 
makes our capacitor chips far 
more uniform. You profit from 
more stable chip-to-chip per­
formance . Your production con­
trol becomes far easier because 

EC71-16 Cl Allen-Bradley 1971 

we 've found the answer to tra­
ditional product variables . But 
that's not all. In our unique 
manufacturing process, ceramic 
dielectric and noble metal elec­
trodes are fired into a truly 
monolithic structure. Mechan­
ically stronger. Virtually void­
free . Moisture and contamina­
tion resistant. And our multi-layer 
terminations solve a variety of 
attachment problems. Standards 

available in 50, 100 and 200 Vdc 
with no derating from - 55°C 
to + 125° C. Capacitance from 
10pF to 1µF. NPO, stable, semi­
stable and Hi-K. Specials avail­
able. See your A-B electronics 
distributor for selected sizes and 
values. Write for Bulletin 5415 . 
Allen-Bradley, Electronics Divi­
sion , Milwaukee, WI 53204. Ex­
port: Bloomfield , N.J. 07003. In 
Canada: Galt, Ontario. 

NEW DIMENSION ELECTRONICS 
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Now 3 zero-voltage switches 
to trigger your thyristors 

Here's new flexibility and economy for 
your zero-crossing Thyristor trigger 
application-3 RCA zero-voltage 
switches give you the exact combina­
tion of price and performance your 
application demands. 

RCA Zero-Voltage Switches offer : 

• Thyristor triggering at zero-volt­
age crossing for minimum RFI in 50, 
60, and 400 Hz applications. 

• Self-contained de power supply 

FULL-FEATURE PERFORMANCE 
PLUS ECONOMY 
CA3059 in 14-LEAD DIP 
Built-i n protection , 
-40°C to + B5 °C operati on 
$1 .95 (1000-UNIT LEVEL) 

NEW ECONOMY TYPE 
CA3079 in 14-LEAD DIP 
-40°C to + 85 °C operation 
$.99 (1000-UNIT LEVEL) 

NEW FOR FULL MILITARY 
TEMPERATURE RANGE 
CA3058 in 14-LEAD DIP 
Premium performance , 
-55°C to + 125°C operation 
$3.50 (1000-UNIT LEVEL) 

with provision for supply of de bias 
current to external components. 

are rated for operation with the 
CA3058, CA3059 and CA3079. 

• Built-in protection against sensor 
failure (in CA3058 and CA3059) . 

• External provision for zero-cur­
rent switching with inductive loads. 
Provision for adding hysteresis or pro­
portional control. 

For further information see your local 
RCA Representative or RCA Distribu­
tor. For technical data bulletin file Nos. 
406 and 490 and Application Notes 
ICAN-6158 and ICAN-6268, write: 

• Recommended for use with RCA's 
2.5-40 amp., 100-600 volt series triacs , 
types 40693-40734. These RCA triacs 

RCA, Commercial Eng ineering, Harri­
son , N.J. 07029. International : RCA, 
Sunbury-on-Thames, U.K., or P.O. 
Box 112, Hong Kong , or Ste. Anne de 
Bellevue, 810 Quebec. 

AC 
INPUT 
VOLTAGE 

NTC" 
SENSOR 

•NEGATIVE TEMPERATURE COEFFICIENT 
•IC• INTERNAL CONNECTION ON CA3079 

Features 
• 24V, 120V, 208/230V, 277V at 50 

60, or 400 Hz operation .................... .. 
• Differential Input .......... .. ..................... . 
• Low Balance Input Current (max.)-µA 
• Built-in Protection Circuit (Fail-Safe) 

for opened or shorted sensor 
(Term. 14) .......................... ..... .. .. .. ...... .. 

• Sensor Range (Rx)-kf! .................. .. .. .. 
• DC Mode (Term. 12) .. .. ...................... . 
• External trigger & inhibit (Terms. 

6 & 1) .......... .. .... .. ............ .. .................. .. 
• DC Supply Volts (max.) ........ .. .......... .. 

Ren Solid 
State 
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