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For Fast Sorting, Nov 1- 1%6 

Incoming Inspection, and 
Production-Line Testing 

R-L-C components with a standard , either a sample component 
or laboratory standard. It is equally useful for tests on etched boards and sub-assemblies 

and can be operated either manually or in combination with automatic sorting equipment. 

Conventional bridges can be too slow for 100 % testing. For such high-volume use, a fully 
automatic device is often the answer, although it usually measures only one of the main param
eters (R, L, or C). Where the requirements include versatility and low cost as well as speed, a 
third alternative, the Type 1605-A Impedance Comparator, is the best choice. 

This bridge requires no manual balancing; two meters indicate the difference, in magnitude 
and phase, between the unknown and an external standard. Comparisons can be made with a 
precision of better than 0.01 % for small differences . Components can be measured as rapidly as 
the operator can plug them into a test jig. 

For matching, sorting, and production testing, the Impedance Comparator offers you the 
precision of manual-bridge measurements combined with the speed of the production line . 

Condensed Specifications: 
There are two models of the Type 1605 I w dance Comparator: the 1605-A and the 
1605-AH, which differ only in a eb.siti · . · f e available in rack and 

bench models. snY of 1E~'N ~'I 
BASIC RANGES· ~ p r-\ \ c; 

Measurement Impedance Range I p a ce-Mag. 
Difference Range 

Resi stance <rJir 
= 0.3% , = 1% . ·A Im pedance agnitude) 2!l to 20M !l 
± 3% . = 10% . 

Capacitance 40pF to 800,..F fu ll scale 

Can be extended to 

Inductance 20µH to 10,000H 
a s high a s ±50% 
for limit test s 

Resistance (or 

' Phase-Angle 
Difference Range 

± 0.003, * 0.01, 
* 0.03, * 0.1 radian, 
full scale 

TEST FREQUENCY AND VOLTAGE: 
Frequency (both models) - 100 Hz, 
1 kH z, 10 kH z & 100 kHz, switch · 
selected 
Voltage (across unknown & stand· 
ard) - Approx . 0.3 V for 1605·A 

Approx . 1 V for 1605·AH 

PRICES: 

1605· AH Impedance Magnitude) 20!l to 20 M !l ± 0.1% , ± 0.3%. 
= 1% . ± 3% . 

Type 1605·A Impedance Comparator, 
$995 in U .S.A . 
Type 1605·AH Impedance Compara· 
tor, $995 in ·u .s .A. Capacitance 40pF to 80,..F full scale * 0.001, * 0.003, 

± 0.01, * 0.03 radian, 
Can be extended to full scale 

In d uctance 200,..H to 10,000H 
a s high a s = 15% 
for limit testing 

•Phase·angle difference is very nearly equal to D difference (for C & L) or Q difference (for R) 
when either D or Q is less than 0.1. 

GENERAL 

Write for complete information. Al so 
ask about our completely Automatic 
Capacitance Bridge Assembly, the 
Type 1680·A. 

RADIO 
BOSTON • NEW YORK • CHI CAGO • PH ILADELPHIA • WASHINGTON . D c I 

SYRACUSE • DALLAS • SA N FRANC ISCO • LOS ANGELES • ORLANDO 
CLEVELAND • TORO NTO • MONTREAL 

GENERA L RADIO COMPA NY (Overseas) . ZUR ICH. SWITZERLAND 

GENERAL RADIO COM PANY (UK.) lid .. BOURNE END. ENGLAND WEST CONCORD , MASSACHUSETTS 
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Push 
• • • • • • • • • • • • • • • • • • • • • • • • Accuracy: 0.002% of reading + 0.0002% of range 

11 
Highest resolution (0.2 ppm of range) -1. 10, 100, 1000 v ranges 

··• Stability: 1 ppm/ hour, 5 ppm/ day, 30-day calibration cycle 
t RATIO measurements: four ranges with 6-digit resolution 

• • • • • • • • • • • • • • • • • • • • • • • • True isolation, battery operation 
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hp 3420A/ B 

for today's most accurate 
de differential volt/ratio 
meter measurements! 

accuracy Here's the most accurate de voltmeter avail 
able today, backed by a minimum 30-day calibration cycle 
and temperature coefficient of 4 ppm/ °C. With a sensitivity 
of ± 10 1,v full scale, six-digit resolution is meaningful for 
measurements in standards and calibration labs, design labs 
... and all areas (physics, biomedical, electro-chemical, uni
versity, processes, control) where high precision and stability 
are essential . 

rat io Then add four ranges of rat io capability with 0.002% 
accuracy and make both resistance and voltage ratio meas
urements. The customary precis ion voltage source required 
for resistance ratio is no longer necessary. 

isolation A line / battery operated model permits true 
"floating" measurements and provides portability not available 
at this accuracy level before. 

There is 10% overranging on all voltmeter functions, with 
overload recovery of less than three seconds, and immunity 

HEWLETT 
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to damage by overload. The recorder output at ± 1 volt and 
1 milliamp will drive any recorder. 

ease Of operation Pushbutton function and range 
selection, plus a full in-line six-digit readout , permits convenient 
and time-saving measurements . . Six discrete decade dividers 
with concentric null sensitivity pushbuttons now make nulling 
very simple. The zero pushbutton disconnects the input source 
and decades, and internally shorts input terminals ... no need 
to return decades to zero. 

All silicon solid-state, with plug -i n circuit board design for 
easier maintenance in both the 3420A (line operated) at $1175, 
and the 34208 (line / battery operated) at $1300. 

Ask for a demonstration by calling your Hewlett-Packard 
field engineer . Or get complete speci fications with the same 
call or by writing Hewlett-Packard, Palo Alto, Calif. 94304, 
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva. 

Data subject to change without notice. Prices f.o.b . factory. 

Au. extra, measure of quality 
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far out 

All the way out to 10 MHz! 
Introducing a new FM 
discriminator/frequency meter 
Here's a new frequency meter and FM discriminator with 
seven times the range previously available . .. 3 Hz to 10 
MHz. Its wideband FM discriminator (3 dB at l MHz!) 
is ideal for measuring signals being FM'd or undergoing 
very rapid frequency changes. Linearity is 0.025 % out to 
l 00 kHz, 0.05 % to 1 MHz, 0. 1 % to I 0 MHz. Residual FM 
noise is I 00 to I 20 dB down. With an optional series of low
pass plug-in filters , measure the amount of deviation in the 
signals, plus the rate aml components of the deviation . 

You can read frequency to 1 % accuracy (of reading) on 
the front-panel meter, record frequency and FM data from 
its recorder outputs, or use the 5210A for tachometer or 
stroboscope work and flutter and wow measurements. 

HEWLETT 

Circle 2 on reader service card 

Discriminator Input 

OFFSET 

• • • 
. ~, • • 
1 • 

l.[~O -CAL. .. •' 
METER 

Discriminator O utput 

For even higher resolution , a scale ex pander will expand any 
I 0% segment of the meter scale or recorder output ten times . 
Zero offset is continuously adj ustab le, 0 to full scale, or you 
can order Option 01 ( pictured above, $ 125 extra) for a 
calibrated IO-step offset control and 0.2 % to 0.3 % accuracy. 

Other outstanding features: 10 mY input sensitivity, 20 
Hz-10 MHz ... built-in 0.01 % crystal calibrator .. . 1 meg/ 
30 pf input impedance. Price without options, $575. 

The complete story on the "far out" 5210A is in a down to 

earth data sheet available from your HP field engineer, or 
write Hewlett-Packard, Palo Alto, California 94304, Tel. 
( 415) 326-7000; Europe: 54 Route des Acacias, Geneva. 
Data subject to change without notice. Price f .o.b. factory . 

' PACKARD 
A n ex tra measure of quality 
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Technical Articles 

I. Design 
Components 58 Tiny fi lters block the path of 

radio-frequency interference 
Low-pass filters built of lossy inductive elements 
fitted into ceramic capaci tors sharply erode un -
wanted signals from 100 kilohertz to 10 g igahertz 
PA Denes and J.J. Crittenden , Denesco, Inc . 

Circuit design 68 Designer's casebook 

• Transistor switch fo r click less keying 

• Amp lifiers and triggers simulate blood pressure 

• Hiri h-speed wideband gate provides 
70.rlb isolation 

• S11ppressed ca rrier modulator with 
noncri tical components 

• P11lse ci rcu it fires scr pair 

• Front-end nuvi stor lowers transistor 
ampl ifier noi se 

• Vol tag e-controlled multi produces 
triangular output 

II. Application 

Instrumentation 75 Cor relation entering new fields with real-time 
signal analysis (cover) 
With new techniques. engineers can now perform 
correlation analysis in real-time to dig a signal 
from noi se in many appl ications 
Bernard LuBow, Princeton Applied Research Corp. 

Computers 83 Wiring design helps core memory work 
at rapid cycle time 
In a 2V2 dimensional organization , a new core 
memory has a 500-nanosecond cycle, and still is 
inexpensive 
Alexander Elovic , Burroughs Corp . 

Communications 91 Double phase-shift keying 
speeds data over voice channels 
Bu il t with integrated circuits. a modern phase 
modulates bin ary data and bit-times signals on 
the carrier instead of synchronizing pilot tones 
Martin Poppe, State University of New York 

Ill. Engineering 

Opinion 100 The other side of the recruiting coin 
An engineer who heads a research and development 
division tells why it 's unfair to blame only the 
employers for problems encountered by job· 
seeking engineers . Some applicants cheat 
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Readers Comment 

No more cut and try 

To the Editor: 
In "Electronics Newsletter" [Oct. 

3, p. 25], a reference was made to 
the use of th e NET-1 circuit analy
sis computer program in th e design 
of monolith ic integrated circuits 
for H oneywell, Inc. It is interes ting 
to see that others have shared th e 
success that we at the Arinc Re
search Corp. have had in applying 
computer techniqu es to integrated 
circuit des ign. 

Th e Arinc program has several 
advantages in th is application , 
such as the ab ili ty to describe a 
transistor in terms of its des ign : 
i.e. , junction areas, base width, 
rcsistivites , e tc. The effects of com
ponent tolerances may be handl ed 
as variation s in both absolute value 
and ratio to other components in 
the circuit and parasitics may early 
be included in the component data. 

An additional feature, which 
Arinc Research h as found quite 
usefu l, is the Monte Carlo analysis . 
Using this technique, actual pre
dictions of production yield can b e 
made based upon variations in 
process control. 

In our integrated circuit design 
activities , the use of this program 
has eliminated the cut-and-try ap
proach to des ign, and generated 
the data required to optimize a cir
cuit with the first set of masks. 

John R. Gliessman 
Manager, Electronic 
Technology Program 
Arinc Research Corp. 
San ta Ana, Calif. 

Some reservations 

To the Editor: 
I was interes ted in your editorial 

"Traveler's lament" [Sept. 19, p. 
23] , and wonder if the millions the 
airlines have spent on elec tronic 
equipment of one sort or another 
to improve service in recent years is 
properly described as "lip service." 
My impression is that the airlines 
are up against state of the art prob
lems in most of the areas you men
tion. The computer reservations 
sys tem, as you probably know, al
most d idn ' t work Millions in addi
tional developmcn t were required 
after the purchase of the major 
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New from S rague! 

® 

LOW SILICON 
COST EPITAXIAL 

HERMETICALLY PLANAR 
SEALED TRANSISTORS 

NOW AVAILABLE IN PNP TYPES! 

Type No. 

TN53-TN54 

2N4383-2N4386 
(TN55-TN58) 

TN59-TN64 

TN79-TN80 

TN81 

T0-5 

TRANSISTORS 

CAPACITORS 

RESISTORS 

NPN TRANSISTORS PNP COMPLEMENTS 
Application Features 

high voltage BVcrn = 45V (min.), BVcso = 75 V (min.), 2N4412-2N4413 CTQ55-TQ56) 
switch fT = 100 (min.) Low Level, Low Noise 

low level wide-band noise figure = 2 db (typ.), (complement of TN55, TN56) 

switch hFE = 100 at 10 mA TQ59-TQ60 
high speed fT up to 100 me, hFE up to 100 at 150 mA General Purpose, High Gain 

switch (complement of TN59, TN60) 

chopper 
V0 < 500 mV at Is = 5 mA, TQ61-TQ62 Rs< 20 .n at Is = 5 mA 

600 mW PouT at 50 mA, typical gain of 9 db 
High Speed Switch 

power amplifier (complement of TN61, TN62) 

Hermetically-Sealed T0 -5 and T0-18 Metal Cases 
for Superior Moisture Resistance 

CASE 
and r~wer Capability 

For complete information, write to Technical 
Literature Service, Sprague Electric Company, 
35 Marshall Street, North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

CERAMIC-BASE PR INTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

T0-18 CASE 

SPRAGUE® 
INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE·FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

BOBB IN and TAPE WOUND MAGNETIC CORES 

SILICON RECT IFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

THE MARK o:F RELIABILITY 

'4SS · 61'40 ·@ 
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in our NEW, Competitively Priced DC Motors 

DC MOTOR 
lYPE 13-DM-A-I 

cooe 
C ClllfOI/ PREC/SIOI/ PROOUCTS 

llilS•onof llTTON Prteision Prodllt!s IRc. 
... JI, . 

The illustration of our Solar System shows the nine planets and their 
31 satellites in scale with each other and the enormous sun. The pro· 
cession starts with Mercury at the left and ends with Pluto on the 
far right. 

Circle 6 on reader serv;ce ca rd 

Built to exacting Clifton and MIL-E-5272 standards, these DC 
motors are a completely new design. They offer many advan· 
tages such as: stainless steel, corrosion resistant housings 
and ball bearings, and brush springs which maintain constant 
pressure over brush life. Brush life itself is up to 1000 hours 
depending upon environmental conditions and application. 

These motors feature a five bar commutator . Due to the in· 
herent design , the rotor produces a magnetic detent under 
zero excitation which minimizes gear train drift. Units avail
able in both 14 and 28 volt excitation . Special voltages, shafts 
and housings available upon request. 

Clifton Precision Products , Division of Litton Industries, 
Clifton Heights, Pa. , Colorado Springs, Colo. 

CLIFTON 
PRECISION PRODUCTS 
DIVISION OF LITTON INDUSTRIES 

.. 

.,, . 

... 



systems. I made a speech to some 
key computer people of one of the 
major companies recently and , in 
answer to qu estions, stressed that 
additional development was badly 
needed to meet ti cketing and simi
lar problems. It' ll come cvenhially , 
but development takes time. 

Th ere are staggering problems in 
doubling th e air transport network 
in five years and at th e same time 

" " improving its system effectiveness. 
Much progress is b eing made. Ob
viously you couldn't physically 
load a 150-passenger jet with DC-3 
methods. But the hardware to make 
more progress often doesn't exist. 
For example, we're a year la te 
on the CAT-II system because, 
among other reasons, manufactur
ers haven't b een able to des ign run
way lights to FAA specifications. 

spent on rf'snva tion s svstcms and 
passenger load ·ng and un loading is 
minu scuk. Tn add ition, mon Py is 
not Pno11gh . \\' c> clrl'lwratcly citf' d 
Am erican Airlines' Sahre system as 
an examrk of \\'lwrc· an cxnensivc 
system was not the answPr. Y ct the 
technologies in Sabre could solve 
the reservation problem. Our poin t 
is that the technology-not the 
hardware-is here today to solve 
this. 

-
.... 

- .. 

,. 

Your editorial sounded a little as 
if all the airlines had to do was to 
go out and purchase hardware. 'i\Te 
all wish it were so, but as you must 
know, it isn't that easy. A major 
part of the problem is in the state 
of the art-development is badly 
needed all across the board, and 
is b eing vigorous Iv pursued. 

John A. Creecly 
Vice pres ident, Public Relations 
Air Transport Association of 
America 
W ashington, D.C. 

• \Ve agree that you can't load a 
150-passenger jet with DC-3 meth
ods; our complaint is that too many 
airlin es try. Airframe manufacturers 
tell us th at, operationally, the air
lin es concern themselves almost ex
clu s ivcly with the problem of mov
ing a cube from point A to point B. 
They spend billions of dollars to 
do it fas ter and more economically. 
Compared to such sum s, the money 

The commen t about reservation 
sys tems is wPll taken-but out of 
elate. \Vh at he is saying was true 
before multiprocessing computers, 
time-shared machines and huge ca
pacity, relatively in expensive mem
ories were designed, built and de
livered to other kinds of customers. 

It turns out that most airlines do 
not use such techniqu es as facsim
ile to transmit documents like pas
senger sea ting charts. And some do 
not even use Teletype extensively 
to send up-dated reservation data. 

An old adage 

To th e Editor: 
C.M. Sinclair's letter about pulse

width modulation amplifiers rsept. 
19, p. 71 contained a scntPnce that 
hits hard. The sentence reads: "Cir
cuit complexity is not really a prob
lem because th e components re
quired are cheap ." 

Cheap components make cheap 
equipment; cheap equipment makes 
cheap sys tems ; and cheap systems 
are expensive to maintain and in 
the end cos t more than expensive 
sys tems . 

If the schematic shown is an 
X-20 amplifier, buyer beware. 

Robert B. ' i\T atson 
Federal Aviation Agency 
Tucson_ Ariz. 
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NEW! 
Commercial 

wirewound tr imming 
potentiometers with 
mil-quality windings 

for only 

$111 
each! 

(1,000 pc. qty., lO!l to 20K!l) 

5067H 

5067P 

CHECK TH ESE SPECS! 

Dimensions: . .36" H. x .28"W. x l " l. 
Operating Temp. Range: .... - 55'C. to +85'C. 
Power Rating: . .5 watt at room temperature 
Tota l Resistance: ..... ± 10 % 
Standard Resist. Range : .. lO!l to 20K, 25K, SOK 
• Temperature coe ffi cient 70 ppm , nominal 
• Exclusive Multi-Weld'l> mi I-qua lily termi nations 

2 OTHER NEW COMMERCIAL UNITS! 

870 Series - l " between mounting 
holes; aper. temp. range - 55'C to 
+ 11s•c. Flex. leads, solder lugs and 
p.c. pin models. 

800 Series - Lowest cost mil -quality , 
l " unit. 0.5 watts at 70'C. Oper. temp. 
range - 65'C to + 125•c. Flex. leads, 
so lder lugs, p.c . pin models. 

Ask yottr A lo l11n rep for sam7Jlcs , or write to: 

ATOHM ELECTRONICS 

• • • • • • • • • • • • • • • . 
• • • 
• • • • . 
• • • • 

. 
• • • 

. 
• • • . 
• • 

. 
• 

. 
• . 
• • 

. 
• . 
• . 
• 
. 
• 

. 
• 

. 
• . 
• • 

• COM M ERCIAL PRODUCTS DIVISION • 
• 3030 Empire Ave. • Burbank, Cal i f. 91504 ~ • . . . 

••••••••••••••••••••••••• 
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People 

In a sprawling old building in 
Waltham, Mass ., John J. Marino 
and Jonathan J. Sirota have been 
working since 
July with six 
employees and 
an idea. The 
idea is the com
mercial produc
tion of braided 
electrnnic mem
ories by textile 
loom techniques Marino 

[Elec tronics, Apri l 18, p. 40]. The 
manufacturing approach is still 
under development at the In stru
mentation Laboratory of the Mas
sachusetts In stitu te of Technology. 
But 28-year-old Marino and 24-
year-old Sirota have plans to leap
frog into a commercial version of 
the MIT method and manufacture 
magnetic memories that are com
petitive with currently available 
memories. Th e two researchers call 
their company Memory Technol
ogy, In c. 

In one section of their mostly 
empty quarters an electronically 
con trol led loom 
made by the 
two ex-MIT en
gineers feeds 
spools of wire 
through rods 
wh ich click up 
and down to 
fashion the ze-
ros and ones of Sirota 

th e braid . A machine company is 
making a loom for them based on 
this design and the lessons learned 
as th ey continu e research on the 
manufacturing technique. 

Too late for Apollo. The new 
company will take a modular ap
proach in convertin g to commer
cial production of read-only memo
ries. The braid memory probably 
would have been used in the 
Apollo guidance and naviga tion 
computer, but its development was 
not far enough along when Apollo 
designs had to be frozen. Apollo 
will have a core rope memory, de
signed by the same MIT laboratory 
group. 

Marino and Sirota see the fir st 
big market fo r read-only memories 
as sequ ence generators to replace 
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·Now from MACHLETT: 
.22 high-precision, low torque, 
vacuum variable capacitors 
for heavy duty 

Each of these 22 ceramic vacuum 
variable capacitors from Machlett offer 
the following advantages: 

•High rf current capability 

• Stable operation at high temperature 

• Structural rigidity 

• Low capacitance variation with 
temperature change 

• Wide capacitance range 

• High Q factor (1 000 or greater) 

• Low operat ing torque 

• High resistance to damage from 
over-vo ltage. 

Capacitance values from 5-750 pF to 
50-2300 pF; voltage rat ing to 15 kv ; 
current rating to 75A. Custom design 
consultation for special applications is 
available from Machlett. 

For fu ll detail s on th is new line, write to 
The Machlett Laboratories, Inc. , 
Springdale (Stamford) Conn. 06879 

THE MAC HLETT LABORAT OR IE S , INC . 

A SUBSIDIARY OF RAYTHEON COMPAN Y 
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New from Sprague ! 

5 Times the Resistance of 
a Conventional Metal-Film Resistor 

of Equal Size! 

Wattage Maximum 
Type Rating Size Resistance 

Extended-Range 
.095 " D. Filmistor 1/10 .250 II l. 1.5 MG 

Resistor 

Conventional .095 " D. Metal-Film 1/10 .250 ti L. 
Resistor 

EXTENDED-RANGE FILMISTOR® 
METAL-FILM RESISTORS 

Substantial saving of space in all wattage ratings -
1 /20, 1 /10, 1 /8, 1 /4 1 /2, and 1 watt-with 

absolutely NO SACRIFICE IN ST ABILITY! 

Extended-Range Filmistor Resistors now offer, in addition to accuracy ... sta
bility ... reliability ... resistance values in size reductions which were previously 
unobtainable. Size and weight :idvantages of Filmistor Resistors now make them 
ideal for :ipplications in high-impedance circuits, field-effect transistor circuits, 
etc. Many designs which previously had to settle for the higher temperature 
coefficients of carbon-film resistors in order to obtain required resistance values 
can now utilize the low and controlled temperature coefficients of Filmistor 
Metal-Film Resistors. 
Other key features are ±I% standard resistance tolerance, low inherent noise 
level, negligible voltage coefficient of resistance, and tough molded case for 
protection against mechanical damage and humidity. 

For complete technical data, write for Engineering Bulletin 
702 5C to Technical Literature Service, Sprague Electric Co., 

35 Marshall Street , North Adams, Massachusetts 01247. 

S P RAGUE C OMPONENTS 

RE SISTORS 

CAPACITORS 
TRANSISTORS 
INTEGRATED CIRCUITS 
THIN-FILM MICROCIRCUITS 
INTERFERENCE FILTERS 
4SA·6139 

PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
MAGNET1C COMPONENTS 
PULSE TRANSFORMERS 
CERAMIC-BASE PRINTED NETWORKS 
PULSE-FORMING NETWORKS 

10 Circle 10 on re<:1der service card 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague' and '@· are registered trademarks ol the Spraa:ue Electric Co. 

People 

the logic chains now used for mi
cro-program control in computer 
sys tems. Their first product will 
be a quarter-million bit memory 
module, which they are now trying 
to sell to Honeywell , Inc.'s Elec
tronic Data Processing d ivis ion for 
its 4200 and 8200 computer sys
tems. 

Marino and Sirota made one 
false start when , in 1964, under 
private financing, they planned to 
build complete computer systems 
for automated printing. Looking 
for new financial sunport this past 
summer, tl1ey turned to the Ameri
can Research and Development 
Corp. in Boston. American Re
search officials persuaded them to 
concentrate on memories only and 
gave them $100,000 to get the 
project started. 

.. 

.. 

Nearly a decade ago, the same 
Boston investment company put 
$70,000 into the ideas of two other 
engineers, also from MIT. Today, 
the inves tment company's shares 

.,.. -

-
in Digital Equipment Corp. of May
nard, Mass., are worth about $30 
million. 

. -
Th ere is no doubt that the paral

lel is not lost on eith er the backers 
or the backed. 

Profit motive. "We're told that 
Digital Equipment was making 
money after six moMhs" says Ma
rino. "If we break even after a 
year, we'll be ecstatic'', adds the 
researcher. 

Marino and Sirota are the 
youngest entrepreneurs ever to re
ceive backing from the Boston in
vestment concern. Neither one was 
directly involved in the braided 
memory project at MIT. \, [arino 
worked on all -magnetic computers 
in another part of th e instrumen
tation laboratory. Sirota, a former 
MIT graduate student, le ft his job 

... -

at the Rayth eon Co. to devote all " 
his time to the new commercial 
venture . 

Marino, president of the com-
pany, is a University of VC'rmont " 
graduate and worked for the Gen- .,.. 
eral Electric Co. before b Pcom;ng 
a research engineer at MIT. Sirota, 'f ~ 
vice president, is a gracluatC' of 
Rensselaer Polytechnic Institute \
and received his master's degree in 
electrical engineering as a Ray
theon fellow at MIT. 
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AM BIENT T EMPERATURE, °C. 

Sorensen DCR Series now with temperature capability to 71 ° C. 

Sorensen Wide Range 
Power Supplies 

to 20 kW. 
Sorensen's wide range DCR Series has been up-dated and 

improved. What's new about the DCR's? They are now 100% 

silicon; ambient temperature capability is now to 71 'C. • 
Four 3-phase models have been added extending power 

capability to 20 kW; 24 models are now avoiloble with ranges 

up to 300 volts. • M ultiple mode programm ing- voltage/ 

current/ resistance. • Vo ltag e regulation, line and load com

bined, is ± .075% for most models • Constan t current range 

0 to rated current. • DCR's meet MIL-1-26600 and MIL-1-6181 

specifications ond conform to proposed NEMA stondords. • 

Front panel indicator for voltage/current crossover. These 

features of the improved DCR (model numbers will have an 

" A " suffix) are offered at no increa se in price. For DCR deta ils, 

or for data on other standard/ custom power supplies, AC line 

regulators or frequency changers, call your local Sorensen 

rep, or write: Raytheon Co., Sorensen Operation, Richards 

Avenue, Norwalk, Connecticut 06856. Tel : 203-838-6571. 
..---------------------- MODEL SELECTION CHART----------------------. 

Voltage Amps. Model Price Amps. Model Price Arnps. Model Price Amps. Model Price 

0- 20 125 DCR 20- 125A $1180 250 DCR 20- 250A $1550 - - - - - -
0- 40 10 DCR 40- JOA 360 20 DCR 40- 20A 525 3S DCR 40- 3SA $ 750 60 DCR 40-60A $925 
0- 40 125 DCR 40- 12SA 1390 250 DCR 40 250A 2100 500 DCR 40-SOOA 3050 - - -
0- 60 13 DCR 60- 13A 525 2S DCR 60- 2SA 780 40 DCR 60- 40A 925 - - -
0- 80 s DCR 80- SA 360 10 DCR 80- lOA 580 18 DCR 80- 18A 780 30 DCR 80-30A 925 
0-lSO 2.S DCR l SO- 2.SA 360 5 DCR lSO- SA 580 10 DCR lSO- lOA 780 lS DCR 150-15A 910 
0-300 l.25 DCR 300- l.25A 375 2.5 DCR 300- 2.5A 580 5 DCR 300- SA 780 8 DCR 300- SA 910 

Circle 11 on reader service card 



NOW THERE'S PLANAR II. 
... 

Fairchild has now added refinements to its - _, 

patented Planar* process, which result in improved 1. TYPICAL MOS-FET .. 
device stability, longer life, and 

lo greater reliability without 100% burn-in. 

.... 

~ -

-· 
~ 

a 0 I IO I5 

b VGs ... 

2. TYPICAL MOS-FET ,.. 

lo 

I 
...,. 

~ 

•· 
- N TYPE - -

- ,.... 

a 0 I IO I 5 
b VGs 

I' 

3. TYPICAL MOS-FET 

lo 

Fairchild invented the Planar process, and by doing so 
revolutionized the semiconductor industry. Without 
Planar the reliability of transistors would still be ques-
tionable, integrated circuits would not be where they are .,. 
today, and the whole structure of the electronics indus-
try would be different. But current requirements for ever ~ 

more reliable systems and components have created a 
a 0 I IO I5 'r 

need for a better, purer manufacturing process. No b Vcs 
doubt some manufacturers will soon find ways to 
improve the basic Planar process. We already have. 

" What is Planar II? Planar II is a refinement of the original 4. PLANAR II MOS-FET 
- < 

Planar process. It is essentially aimed at controlling the lo 

behavior of free positive ions in the oxide layer which .... 
characterizes the Planar process. Concentration of free 
ions in the oxide can lead to problems that result in ... -
unstable MOS-FET devices, and to outright failure in " . 
transistors. The Planar II process keeps the number of + 

+ 
these impurity ions to a minimum by using only ultra + 

N-TYPE - 'r 
pure materials, utilizing better metalizing and bonding 

- + - - + 

'"" techniques, and by adding a few steps to the basic proc- a 0 I IO I5 

ess which result in a much purer oxide layer. How does b Vcs .. 
this work? 

12 Electronics I October 31 , 1966 
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5. PLANAR II PNP TRANSISTOR 

EQR BASE EMITTER 

.13734·86 

BASE EQR 
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p 

P+ 

Stable MOS devices : In a typical P-channel MOS-FET 
(Fig. 1 a) free positive ions are randomly distributed 
throughout the oxide layer. If a negative voltage is ap
pli ed to turn the device on, it repels the free electrons 
in the N material and all ows a P-channel to be formed 
and current to fl ow from source to drain. Initially such a 
vol tage cou ld be 5V (Fig . 1 b). 

As you can see in figure 2a, the negative voltage also 
attracts the free positi ve ions, and they concentrate near 
the oxide-metal interface. Wh en a negative vo ltage is 
again applied, a much smaller voltage (about 1V) is re
quired to form the P-channel , since the ions are already 
concentrated at the metal-oxide interface (Fig. 2a, 2b) . 
Conve rsely , if a positive voltage preceded the negative 
turn-on signal , a much higher voltage (15V) is required 
to form the channel , since the positive ions will be at the 
bottom of the oxide layer, and will be attracted to the 
top (Fig. 3a, 3b). Thus, the threshold of the device is de
graded and fluctuates between 1-15 volts , depending on 
the polarity of the previously applied signal. 

Figures 4a and 4b show how the Planar II process helps 
to alleviate this prob lem. In the Planar II device the num
ber of impurity ions is kept to a min imum , and the effects 
of their migrations is so sm all as to be negligible. The 
result is a threshold voltage that is stable and constant. 

Stable PNP devices : To combat ion migrations in PNP 
transistors we use an equipotential ring (EQR) and a 
guard ring in addition to controlling the impurities 
(Fig. 5). The EQR and guard ring prevent the formation 
of inversion layers which can lead to channeling and 
device failure. This is accomplished by reshaping the 
electrical field distribution within the 

GUARD RING 

COLLECTOR 

The results we re dramatically demonstrated in a recent 
test under severe High-Temperature Reverse Bias 
(HTRB) conditions . Epoxy devices without EQR and 
guard ring we re subjected to conditions of TA=+ 125° C, 
Vcs = 80V. Over a 1000 hour period, more than 40% of 
th e devices tested had lcso changes greater than 1 OOOnA. 
An identical sample of PNP epoxy devices with EQR and 
guard ring went through the same test for the same time 
period. Not one of these transistors had an lcso change 
greater than 1 nA. 

Higher Voltage, lower cost : Because of the Planar II 
process you can now get high voltage PN P's from Fair
child. Our Series 2N4357, for example, features voltages 
up to 240V LVcw. Even in epoxy, high voltages are now 
practical. Our PN P epoxy series SE7501 features col
lector-emitter voltages of 140V. This means you can 
get high voltages at lower epoxy prices. Furthermore, 
Planar II eliminates the need for 100% burn-in on PNP 
transistors. This is translated into both lower prices and 
faster del iveries. 

Planar II summary: Th e benefits of Planar II processi ng 
can be summed up as fo llows: it allows us to make 
stable MOS field-effect transistors. It allows us to make 
reliable, high voltage, high performance PNP devices 
with the flexibility of low cost epoxy packaging . It even 
improves the stability with time (resulting in longer li fe) 
of NPN transistors and integrated circuits. In a word , it 
allows us to offer you better, more reliable solid-state 
devices at less cost. Planar II is the purest manufactur
ing process ever used in mass production. We suspect 
that in a few years everyone will be using it. You can 
wait. Or, get it now, from Fairchild. 

oxide layer to eliminate the lateral com-
ponent. Ions are inhibited from moving FAIR CH I LC 
laterally within the oxide layer, thus pre-
venting inversion layers from forming. SEMICONDUCTOR 'P lanar is a patented Fairch ild process 

FAIRCHILD SEMI CONDUC TOR / A Div ision of Fairchild Camera and Instrument Corporat ion • 3 13 Fai rchild Drive, Mountain View, Californ ia (4 15) 962·50 11 • TWX : 910·379 ·6435 
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ERRORS 
make 
us 
angry! 

that's why we 
manufacture 
variable 
attenuators 
with error of less 
than 0.05 db* 

l 

Think attenuators ... say the words "Pre
cision Performance " ... and you must 
conclude Jerrold ATV-Series Turret Atten 
uators. Small, compact, they cost far less 
than you might expect. 

Jerrold attenuators set the pace with 
intrinsic quality like coin-silver contacts 
for maximum cond uctiv ity, finest-qual ity 
deposited carbon disc and rod pad re
sistors for extreme accuracy, and positive 
spring-loa ded detent mechanism for 
faultless resolution- in fact all the elec· 
trical features of " pull -and-turn" atten· 
uators at one third the cost! 
Model ATV- 1,~ 0-0.9 db in 0.1 db steps 
(fixed Attenuation 3 dbl, Accuracy ± 0.05 db at 
max. attenuation. $275.00 
Model ATV-9, 0-9 db in 1 db steps, 
Accuracy ± 0.1 db at max. attenuation. $250.00 
Model ATV-50, 0-50 db in 10 db steps, 
Accuracy ± 0.5 db at max. attenuation. $195.00 
Group this with 50 ohm impedance, 
VSWR of 1.06:1 at 1000 MHz ( 1.1 :1 at 
1200 MHz), low insertion loss .1 db max
imum, and you come up with THE BEST 
BUY IN THE INDUSTRY ! If you're oper
ating DC to 1200 MHz .. . send for com
plete specs today. 

l1TitmTlil MEASUREMENT AND 
l\llWl!W TEST INSTRUMENTATION 

JERROLD ELECTRONICS CORPORATION 
Government and Industrial Division 

Philadelphia, Pa. 19105 

14 Circle 14 on reader service card 

Meetings 

Technical & Electronic Ceramic 
Manufacturer's Exhibit & Seminar; 
seminar committee of the Technical & 
Electronic Ceramic Manufacturer' s 
Exhibit & Seminar; 
New York Trade Show Build ing, 
New York City, Nov. 1-3. 

Northeast Electronics Research and 
Engineering Meeting, IEEE; Sheraton
Boston Hotel, Boston, Nov. 2-4 . 

Reliability Engineering and 
Management Institute Meeting, 
Reliability Engineering and 
Management Institute; the Un iversity 
of Arizona 's Student Un ion Building, 
Nov. 7-16. 

Symposium on Automatic Support 
Systems for Advanced Maintainability, 
St. Louis Section of IEEE; Colony Motor 
Inn, Clayton , Mo., Nov. 7-9. 

Fall Joint Computer Conference, 
American Federation of Information 
Processing Societies; Civic Center, 
San Francisco, Nov. 8-10. * 

Eng ineering in Medicine and Biology 
Conference, IEEE; Sheraton-Palace 
Hotel , San Francisco, Calif., Nov. 14-17. 

National Electrical Manufacturers 
Meeting, National Electrical 
Manufacturers Association ; Palmer 
House, Chicago, Nov. 14-17. 

Aircraft Design and Technology 
Meeting, American Institute of 
Aeronautics and Astronautics; 
International Hotel, Los Angeles, Calif., 
Nov. 15-18. 

Ceramic/'66 Exhibit and Seminar, 
Technical & Electronic Manufacturer's 
Association; Trade Show Bu ilding, New 
York City, Nov. 15-17. 

Conference on Magnetic & Magnetics 
Materials, IEEE; Sheraton Park Hotel, 
Washington, D.C. , Nov. 15-18. 

Mid-Atlantic Engineering Conference 
and Tool Exposition, American Society 
of Tool and Manufacturing Engineers; 
Baltimore Civic Center, Baltimore, Md., 
Nov. 15-17. 

National Conference on the 
Management of Aerospace Programs, 
American Astronautica l Society; 
University of Missouri, Columbia, Mo., 
Nov. 16-18. 

Engineering and Maintenance 
Conference, Air Transport Association; 
Century Plaza Hotel , Century City, 
Los Angeles, Calif., Nov. 17-18. 

Symposium on Oceanography and 
Oceanology, Institute of Environmental 
Sciences; Henry Hudson Hotel, 
New York, Nov. 17. 

Energy Conversion Exposition, American 
Society of Mechanical Engineers; 
Statler Hilton , New York City, 
Nov. 27-Dec. I. 

Vehicular Communications Conference, 
IEEE; Montreal, Quebec, Dec. 1-2. 

Meeting of the National Committee of 
the International Scientific Radio Union; 
Cabana Motor Hotel, Pa lo Alto, Calif., 
Dec. 7-9. 

Electron ics Industry Plating 
Symposium, American Electroplaters' 
Society; Robert Treat Hotel, 
Newark, N. J., Dec. 8-9. 

Call for papers 

National Telemetering Conference, 
IEEE; San Francisco Hilton Hotel, 
San Francisco, Calif., May 16-18. 
Nov. 4 is deadline for submission of 
abstracts to .\lax A. Lowy, program 
chairm an, General Electric Co. P.O. 
Box 8048, Philadelphia, Pa. 

National Particle Accelerator Confer
ence-Accelerator Engineering and 
Technology, IEEE, Shoreham Hotel, 
W ash ington, !\larch 1-3. Nov. 15 is 
deadline for s ubmission of 200-wor<l 
abstracts to John A. Martin , program 
chairman , Oak Ridge Tational Labor
atory, P.O. Box X, Oak Ridge, Tenn. 
37830. 

Packaging Industry Technical Con
ference, IEEE; Holiday Inn , New 
York City, May 9-11. Nov. 15 is dead
line for submission of 60-word ab
stracts to John T . "Winship, Eng ineer
ing Editor, Modern Packaging Maga
zine, 1301 Avenue of lhe Americas, 
New York, N.Y. 10019. 

Southwestern IEEE Conference and 
Exhibition, IEEE; Dallas Memorial 
Auditorium , Dallas, Texas, April 19-
21, 1967. Dec. 16 is deadline for sub
mission of paper to Arwin A. Dougal, 
University of Texas, Engineering
Science Building 112, Austin Texas 
78712. ' 

* Meeting preview on page 16 
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Fro1n Gun Turret to Turret Lathe .. . 
A1nelco's ne~ HNIL logic ~ith 4 volts 

noise i1n1nunity helps provide 
accurate co1nputer control! 

SPECIFICATIONS 

Vee 12 volts 
Logical "l" 11 volts 
Logical "0" 1.2 volts 
Fan Out 5 
Noise Immunity 4.2 volts 
Propagation Delay 60 nSec 

& 
Now you can enjoy the advantages of dependable integrated 
circuitry where noise and cost have been prohibitive. Amelco 's 

·new High Noise Immunity Logic is available in a full seven 
element family of 12 volt circuits that provide 4 volt noise 
immunity over a temperature range of - 55° C to + 125° C. 
These same seven elements are also ava ilable in an operating 
temperature range of 0° C to 100° Cat low, industrial prices! 
Use HNIL circu its i n virtually any industrial or military 
high noise environment without fear of spurious operation. 
D Amelco HNIL is available in the following elements: 301 
Dual 5 - lnput Buffer with Expanders, 311 J-K Flip- Flop, 321 
Quad 2-lnput Gate with Expanders, 322 Dual 5-lnput Gate with 
Expanders, 331 Dual 5-lnput Expander, 341 Dual Exclusive 
"OR" with Expanders, 361 Input Interface Circuit, 362 Output 
Interface Circu it. Circ le 15 on reader servi ce card 

AMELCO SEMICONDUCTOR 
DIVISION OF T ELEDYNE, I NC. • 1300 TERRA BELLA AVENUE • MO UNTAIN VIEW, CALIFORNIA • Mail Address : P. 0 . Box 1030, 
Mountain V iew , Ca lifornia • Pho ne: (415) 968-9241 /TWX: (4 15) 969 - 9 112 I Telex: 34-8416 • REGIONAL OFFICES : Southwest -
Suite 213, 8621 Bellanca Ave ., Los Angeles, California 90045, (213) 678-3 146 • Northwest-1300 Terra Bel la Ave., Mountai n View, Ca li forni a, (41 5) 968 -9241 
East-P. 0 . Box 2091, Paterson, New Jersey 07509, (201) 696-4747; 60 Broad Hollow Rd ., Mellville L. I. New York , (516) 692 -4070; P. 0. Box 366, 
Kimberton , Pennsylvania , (2 15) 885 -1755 • Northeast-805 High Street, Westwood, Massachusetts, (617) 326-6600 • Soulheast-711 Magnolia Avenue, 
Orlando, Florida, (305) 423 -5833 • Midwest-650 West Al gonquin Road, Des Plaines, Illinois, (312) 439 -3250; 3020 Woodlark Lane, St. Paul, Minnesota, 
(612) 646 -1161. • Canada-Deskin Sales, Montreal , Quebec , (5 14) 384-1420 . 



This breakdown · diode / tra nsformer tr iggering 
ci rcu i t is a typical appl ication f or Type 11Zl2 
Trigate Pulse Transformers. 

This unijunction-transistor / transformer triggering 
circuit is a typical application for Type 11Zl3 
Trieate Pulse Transformers. 

Dependable enough for industrial 
equipment, yet priced for 
high-volume commercial applications 
Here's good news for designers of appliances; 
lighting controls; air-conditioning and heating 
controls; industrial controls. You can actually 
cut costs while upgrading your present method 
of SCR triggering! 

Type 1 lZ Trigate* Pulse Transformers offer 
these unique features : 

1. Balanced pulse characteristics and en
ergy transfer from primary to secondary 
and tertiary windings. 

2. Minimum saturation effect to allow op
eration where increased pulse widths are 
required . 

3. Fast pulse rise time and increased cur
rent capability to prevent SCR di/dt 
failure. 

4. Increased energy transfer efficiency. 

Designed for operation over the temperature 
range of -10 C to + 70 C, Trigate Pulse 
Transformers are available in 2-winding and 

l 3-winding configurations for half-wave. and 
full-wave applications. Tu rns ratios include: 
1 :1, 1 :1 :1, 2 :1, 2: 1 :1, 5 :I. 

For complete information, write for Engineering Bulletin 40,003 
to the Technical Literature Service, Sprague Electric Co ., 

35 Marshall St., North Adams, Mass . 01247 

*trodemark 

SPRAGUE COMPONENTS 

PULSE TRANSFORMERS 
CAPACITORS 
TRANSISTORS 
RESISTORS 
THIN-FILM MICROCIRCUITS 
INTEGRATEO CIRCUITS 

"4SSC•6102Al 

INTERFERENCE FILTERS 
PACKAGEO COMPONENT ASSEMBLIES 
FUNCTIONAL OIGITAL CIRCUITS 
MAGNETIC COMPONENTS 
CERAMIC-BASE PRINTED NETWOR KS 
PULSE-FORMING NETWORKS 

16 Circle 16 on reader service card 

SPRAGUE® 
THE MARK OF RELIABILITY 

·sp11au1' and ·@ · 1t1 t11isttrtd lfldt marks of Utt Spuaue CIKtric Co. 

Meeting preview 

Computer trends 
The Fall Joint Computer Confer
ence, to be held in San Francisco 
Nov. 8 to 10, will cover a broad 
spectrum of computer interests
from reports on advanced hardware 
concepts to speculation on the im
pact of the computer on modern 
society. The conference is spon
sored by the American Federation 
of Information Processing Socie
ties. 

Sessions of particular interes t in
clude one on the effect of integrated 
electronics on the future of com
puters, another on computer-aided 
design and a third on computer 
memories. The integrated-electron
ics session will feature Robert N. 
Noyce, a group vice president of 
the Fairchild Camera & Instrument 
Corp., L.C. Hobbs of H obbs Asso
ciates and Michael J. Flynn of the 
University of Illinois. 

Noyce and Hobbs will discuss 
the cost outlook for large scale in
tegra tion. Noyce will concentrate 
on manufacturing versus design 
and Hobbs on machine organiza
tion , input-output devices and soft
ware. Flynn, who designed the 
International Business Machines 
Corp. System 360 model 90 b efore 
moving on to the university, will 
examine architecture and the new 
design criteria that future systems 
will require. 

Ways to remember. New mem
ory technologies will be described 
in a session to be chaired by J.A. 
Rajchman of the Radio Corp. of 
America. Papers will include a de
scription of the plated-wire mem
ory that is part of the Sperry Rand 
Corp.'s new Univac 9000 series 
computers, a 200-nanosecond thin
fi lm memory, a 100-nsec rod mem
ory and an integrated-circuit 
scratch pad memory. 

Dana W. Moore of H oneywell, 
In c.'s Computer Control division 
will discuss the cost of implement
ing ferrite-core memories in various 
organizations. Representatives of 
the Xerox Corp. and RCA have pre
pared a paper on a sonic film mem
ory that combines the technologies 
of thin films and sonic delay lines 
to produce a nonvolatile memory 
sys tem. 
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Engineers working in digital com
puter input/output interface sys
tems for tactical airborne equipment, 
aircraft and space vehicle simula
t ion , antenna posit ioning or pro
gramming, and similar systems are 
increasingly involved in solving the 
digital /analog interface problem for 
resolver and synchro data. Accom
plish ing this task becomes quite 
simple by taking advantage of North 
Atlantic' s family of high accuracy 
resolver /synchro converters . 
Through the use of solid -state switch
ing and precis ion transformer tech
n iques, these converters provide 
single-speed accuracy and resolu
tion from 10 to 17 bits, along with 
solid -sta t e reliab ili ty and calibra 
tion -free operation . 

Resolver /Synchro-To-Digital 
Conversion 
One typical North Atlantic resolv
erj synchro interface is the Auto
matic Angle Position Indicator 
( Figure 1) , which converts an
gular data from both 400Hz re
solvers and synchros to digits. 

Figure 1. Model 5450 Automatic Angle Posi
tion Indicator converts resolver and synchro 
ang les to digital form. 

This device uses all solid-state 
plug-in cards and trigonometric 
transformer elements (no motors, 
gears or relays ) , and operates at 
all line-to-line voltages from 9 to 
115 volts. It can be supplied in a 
wide range of configurations for 
specific system requirements, for 
example, signal frequencies 60Hz 
to lOKHz, binary or BCD outputs, 
.001 ° resolution with 10 arc second 

RE SOLVER/ SYNCHRO 
DIGITAL CONVERSION 
A very short course for engineers who are 
concerned with converting resolver or synchro 
data to digits and vice versa. 

accuracy, and multi-speed and I or 
multiplexed inputs. Its five-digit 
Nixie readout can be integral or 
remote. 

The unit illustrated has an ac
curacy of .01°, and two basic modes 
of operation. They are read-on 
command ( rapid acquisition ) and 
tracking (leas t significant bit up
date ) . Prices start at $5900. 

Digital -To-Resolver /Synchro 
Conversion 
North Atlantic's a ll solid-state 
di gi tal-to-resol ver / sync hro con
verters (Figure 2) accept digital 
input data at computer speeds in 
either binary angle or binary sine/ 
cosine form and convert to either 
resolver or synchro data. Their 
high accuracy and resolution (up 
to 17 bits ) and freedom from 
switching transients meets an im
portant requirement in space-mis
sion s imulation and antenna posi 
tioning systems for smooth servo 
performance at low rates of data 
change. All models are usually sup
plied with input storage registers . 

Figure 2. Series 536 Digital-To·Resolver Con
verters translate binary digital ang le to four
wire resolver data. 

Depending on the combination of 
features specified, prices are in 
the $4500. to $6000. range. 

Modular D-R/ S Converters 
For High-Density Systems 
The plug-in converters pictured in 
Figure 3 \\'ere developed by North 
Atlantic specifically for airborne 
systems and for aircraft simula
tion systems requiring high-den-

sity multi-channel operation. The 
modules illustrated provide 11-bit 
digital-to-synchro conversion and 
are capable of driving up to four 
torque receivers. As with other 
North Atlantic resolver/synchro 
interfaces, conversion is achieved 
through solid-state S\\'itching and 
trigonometric transformers, so 
there are none of the stability or 
calibration problems associated 
with conventional resistor-chain/ 
amplifier type converters. Prices, 
in production quantities, nm about 
$ll00. per set . In prototype quan
tities about $1500. a set. 

Figure 3. Series 537 D / S Converter Modules 
can drive multiple torqu e receivers from 
11-bit digital data. 

If you would like to take advan
tage of North Atlantic's state-of
art experience in resolver/ synchro 
compute r interface, \\'e \\'Ould be 
pleased to show you how these con
verters can meet your particular 
requirements . Or if you prefer, we 
will arrange a comprehensive tech
nical seminar f('lr your project 
group, without cost, in your own 
plant. Simply write: North Atlan
tic Industries, Inc., 200 Terminal 
Drive, Plainview, N. Y. 11803. 
TWX 510-221-1879. I Phone 
516-681-8600. 

PRECISION AC INSTRUMENTA TION FOR TES T, MEASUREMENT AND DA TA CONVERSION ~ N 0 R T H .ATLANTI C 
industries, inc. 
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NEW FET CHOPPER-MFE2133 
FOR MILITARY/ INDUSTRIAL DESIGNS 

.. . featuring low rd, " on" - 60 ohms (max) 

H ere is one high-impeda nce device tha t can dissipa te 1.5 
watts. In add ition . M otorola's T0-39 package - with low 
therma l resistance r G. 7 mW/° C) - keeps the junction rela
tively free of troub lesome temperatu re swings. The MFE2133 
a lso offers low transfer capacitance ( 5 pF) in proportion to 
the low drain-source resistance. And , the combination makes 
for better a ll -around switching performance. 

The MFE2133 is suitable for 

large gate voltage swings as a 

chopper. The circuit as shown 

allows input voltages of 10 

volts. No transformer is re· 

quired. The result , of course , 

is circuit simplicity and savings 

in component costs. 

I 8K 

l'IPUTV, 0 1 ..... 1- ... IOV 

CIRCLE 308 READERS SERVICE CARD 

MEDIUM-POWER AMPLIFIER JFETs 
FOR INDUSTRIAL & CONSUMER USES 

The ind ustry's first medium-power, high-gain, economical 
JFETs are M otorola types MFE2097 & MFE2098. Because of 
their natural h igh impedances, combined with a medium
power capability, you can often eliminate one transformer 
as well as large coupling and bypass capacitors in most de
signs. Even greater savings result from the low 100-up price 
of $4.90 - less than half the price of comparable devices! 
While these new FETs are ideal for driver stages of audio 
amplifiers and other audio communications equipment, they 
a re also well-su ited for use in analog control systems. 

• Medium-power capability results from large 
geometry with many current paths. 

• loss ranges from 15 to 50 mA - MFE2097 
40 - 100 mA - MFE2098 

• !Yi.I = 10,000 pmhos (min) - MFE2097 
14,000 pmhos (min) - MFE2098 

•.. for extremely high gain. 
• High-dissipation package - T0-39 with 1 W' 

leads. 

CIRCLE 309 READERS SERVICE CARD 

MAKE 
YOUR MOVE 

TO FETs 
WITH 

ANYONE OF 
FIVE 

NEW PIECES 
FROM 

MOTOROLA 
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GUARANTEED LOW-NOISE FET 
FOR VHF AMPLIFIERS AND MIXERS 

Now, RF receivers, includin g high-quality FM 
sets, can be virtually free from spurious re
sponses, if you specify Motorola's new 2N3823 
state-of-the-art JFET. An extremely low 
100-MHz noise figure of 2.5 dB (max ) is com
plemented by low cross-modulation and inter
modul ation distortion. 

l 1 !l2TURNS.:20T!M!EOWIRE;IO 1~~;LENGTH - 1 i" 

--~--L 2 Jl 2 lURNS, = 18 TINNED \!/!RE~ ID li~; 

LENGTH l2"'TAPPEOATJl.TURNS I OOl1·F I Dl1tf 
FR0'-1 DRAINI -: -=- !5Vclc 

200 MHz Low-Noise Amplifier Circuit 

• Symmetrical geometry in T0-72 package - can plug righ t into 
existing sockets. 

• Also useful in UHF applications - up to 500 MHz. 

• Low transfer and input capacitance .. _ C ... = 2 pF {max). 

• C;,. = 6 pF (max). 

CIRCLE 310 READERS SERVICE CARD 

GENERAL PURPOSE JFETs OFFER 
LOW-NOISE & LOW-COST FOR 

INDUSTRIAL & CONSUMER USES 

·r35V-----------~ 

!OK 

Tone Control for High -fidelity Audio Amplifiers 

Ease of converting audio preamplifiers to FET 
designs with Motorola types 2N4220A-22A has 
excited the imaginations of engineers. The high 
input-resiste.nce allows for "vacuum-tube" design 
principles in se!ection of tone control elements -
permitting use of small , low-cost capaci tors. 

The low guaranteed noise figure of 2.5 dB <max ) 
at 100 cycles/sec. provides a definite adva ntage 
over bipolar transistors. For additional savings, 
the cost is only $2.90 ( 100-up) , even lower in 
larger production quan tities . 

• N-channel for high gain 'y,. ! = 1,000 pmhos (min) 2N4220A 
2,000 pmhos (min) 2N4221A 
2,500 1,mhos (min) 2N4222A 

CIRCLE 311 READERS SERVICE CAR D 

N-CHANNEL IGFET OFFERS HIGH GAIN 
FOR GENERAL PURPOSE APPLICATIO NS 

Motorola's new MFE3001 IGFET operates in 
both the enhancement and depletion modes, for 
a broad range of applications in industrial, mili
tary, a nd consumer equipment. And, the 100-up 
price of $3.90 makes it practical for most appli
cations. Typical uses are a udio amplifiers, 
switches and controls. A low drain current results 
from its small geometry. and the n-Channel con
struction provides high gain indicated by the 
!Yr.I specification of 1,800 1,mhos (typ ). 

~ • Extremely high input resistance 
~~ IGss < 10 pA at 10 Vdc #,/ • Hig~ Signal-handling capabil ity at l~w 

~ dram currents. loss = 0.5 mAdc (mm). 

' CIRCLE 312 READERS SERVICE CARD 

FOUR MOTOROLA APPLI CATIONS NOTES 
EXPLAIN NEW FET TECHNOLOGY 

To explain t he a dvantages of field-effect tran
sistors in both digital a nd a n a lo g systems, 
M otorola's Applications Enginee rs prepared a 
series of technica l papers. The information covers 
a broad range of applications, and includes sam
ple circui t designs as well as operationa l theory. 
Any one or all of them can be added to your 
semiconductor library, s imply by completing and 
mai lin g the coupo n be low, to D ep t. T.I.C ., 
Motorola Semiconductors, Box 955, Phoenix, 
Arizona 85001. 

AN-211 

---------------------------------
YES, I am interested in learni ng mo re about 
field effect transistors. Please send me the 
following Motorola Appli ca t io n Notes : 

Name _ ________ Title ___ _ 

Company _ _ _ ___ Address, ____ _ 

City _ _____ State ____ Zip __ 

~---------------------------------i 

MOTOROLA Semiconductors 
- w/ielze -tk, p!lii!&M inf]~ t& eaul 
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To measure 

from 

300MHz 

to 12.4 GHz ... 
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New Hewlett-Packard 5260A Automatic Frequency Divider 

Automatic measurement of frequencies, 0.3 to 12.4 GHz 
Direct readout without calculations 
Maintains counter accuracy 
Constant 100 m V sensitivity 

9 I 8 0 2 8 2 6 M•· 
} 

-• 
HP 5260A Automatic Frequency Divider with HP 5245L Electronic Counter (the 5252A 

Prcscaler Plug-in is not necessary; but with it, the system covers de to 12.4 GHz!) 

• try an automatic 
Take any suitable electronic counter (such as Hewlett
Packard models 5245L, 5246L or 5244L) , connect it to 
this new frequency divider, and you have an automatic 
system to measure microwave frequencies from 300 MHz 
through X-band with counter accuracy. 

Measurements are accurate and simple, and no calcula
tions are needed . A ratio switch selects + 100 ratio for 
inputs of 0.3 to 1.2 GHz, or + 1000 for I to 12.4 GHz. 
No other adjustments needed. 

The Hewlett-Packard 5260A can be added to existing 
counters merely by connecting the output of the divider 
to the input of the counter. 

Besides all these advantages, the 5260A is also the mo t 
economical instrument (by more than $1000!) for au to
matic, high accuracy frequency measurement from 0.3 to 
12.4 GHz . .. even when you add in the price of an elec
tronic counter to go with it. 

HEWLETT 

Electronics I October 31, 1966 

Check our specifications, then call your nearest HP field 
representative for a demonstration or write for details, 
Hewlett-Packard, Palo Alto, Californi a 94304, Tel. (415) 
326-7000; Europe: 54 Route des Acacias, Geneva. 

BRIEF SPECIFICATIONS 
Range: 0.3to12.4 GHz 
Accuracy: 
Input sensitivity: 
Input impedance: 

Retains accuracy of electronic counter 
100mVrms(-7dBm) 
50 ohms nominal 

Division ratio: Front panel switch selects + 100 
(for use to 1.2 GHz) or+ 1000 
(from 1 to 12.4 GHz) operation 

Output frequency: 1/ 100 or 1/ 1000 of input 
(I to 12.4 MHz) 

Price: $3250 
Data subject to change without notice. Price f .o.b. factory. 

~ PACKARD 
An ex tra measure of quality 

Circle 21 on reader service card 
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SPEAKING OF STEPPERS 

Suppose you built th is robot. (You might as well build it to look like this one.) 
Anyway, suppose you set her stride at 24 inches and controlled her gait with 

a Guardian stepper (one step per step). You could program her to walk from 
New York to Los Angeles and on into the Pacific, with complete assurance 
that her Guardian stepper would still be clicking away. 

You have no robots on the drawing board? No matter. The important things 
to remember are that Guardian steppers average over ten million operations 
on the life test rack-and that Guardian makes more steppers, and more 
different types of steppers than anybody else in the business. 

It's a good idea to have all the specs on all the Guardian steppers in your 
file . Write for bulletin F32. Guardian Electric Mfg. Co., 1550 W. Carroll Ave., 
Chicago, Ill. 60607. 
Guardian makes the most steppers and the most dependable steppers 

GUARDIAN®@ ELECTRIC 
Circ le 22 on reader service card 
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Editorial 

What's the secret? 
Nobody knows what makes the rate of techno
logical change suddenly speed up in a country 
after a lu ll. Today, the U.S. electroni cs industry 
is again in one of th ose periods of rapid change. 
Throu ghou t the worl d the secret of U.S. success 
is as eagerly sought as the philosopher's stone 
for wh ich alchemists ardently searched 400 years 
ago. And for good reason. Today, technology is 
gold for a country. 

Some people say it requires only the applica
tion of gargantuan sum s of money. They believe 
the giant expenditure by the U.S. government 
is the sole force behind the current spurt in 
technology. 

But mon ey alone is not enou gh. There have 
b een too many examples of companies or gov
ernment agencies pouring money into research 
and development and produ cin g nothin g. 

To cite jus t one, the Federal Aviation Agency 
has spent a fortune to develop computers for 
automatic air traffi c control in projects that go 
back to 1959. Yet the agency is as far from suc
cess today as it was before it started, despite 
phenomenal advances in that same period by 
others in component and computer technology. 

Other observers believe the rapid advance of 
technology depends on new buildings and mu ch 
scientific equipment. But th e bes t equipped lab
oratories don ' t necessarily produce the mos t 
spectacular results. The sa tiri st, J. Northco te 
Parkinson , claims facetiously th at th e output of 
an organization is directly proportional to how 
old and rundown the facility is. He implies th at 
when an organization builds a sparklin g new, 
gl ass -walled structure to work in, it is the be
ginning of the end of the enterprise as a profit
able produ cer. Proof that equi pment and new 
facil ities are not enough can be found in the 
United States. For example, in the past 10 years 
almost all the steel companies have constru cted 
lavish R&D facilities, yet the major new steel 
processing techniqu es- such as bas ic oxygen 
s teelmaking and continuous cas ting-have come 
from old, modest laboratories in Europe where 
new R&D facilities are just bein g built. 

Still other people say that technology im
provement comes from having the right scien
tists and engineers and giving them freedom to 
work. Yet stockpiles of good technical men in 
some of the aerospace companies in the 50's 
produced nothing and there are dozens of in-

Electronics I Oct ober 31 , 1966 

dustrial and un iversity-laboratories staffed with 
good people who add little to the advancement 
of technology. 

The secre t, if there is one, contains all of 
th ese elements- money, facilities and people
plus a lot more. 

Among the most importan t additional ingredi
ents are hard work, an overpowering urge to 
ge t th ings done quickly and a b alance b etween 
theoretical and application effor t. 

Touring the worl d and observing technology, 
a traveler finds that engineers outside the U. S. 
believe that technological progress has come 
eas ily in the U.S. There is a strong tendency to 
credit money solely for it and blame the lack 
of funds fo r failure to move ahead. Foreigners 
tend to ignore the long backbreaking hours that 
U.S. engineers have spent to meet sharp dead
lines for products and projects. Many make fun 
of th e fast pace at which Americans work and 
live, ignoring the salutory effect such urgency 
produces in advancing technology. 

An other aspect that is often overlooked by 
visitors to the United Sta tes is the carefu l, though 
unpl anned, b alance electronics has managed be
tween theory and application . The scales are 
heavily weighted in Europe toward theore ti cal 
work, but there is no such bias in the United 
States. 

One of the h ighspots in the current surge of 
techn ology in the U. S. is the way theoretical 
techniqu es are being applied to good advantage 
b y engineers. To mos t practicing engineers, cor
rela tion has been a scary mathematical tech
niqu e that PhD's toy with in the learned but 
not very useful exercises they publish in long
hair journals. Now someone has come along and 
made correla tion practical for engineers working 
in a variety of down-to-earth appli ca tions by 
developin g an instrument th at perform s correla
tion in real ti me. [The arti cle on page 75 explains 
how to use this technique in term s a working 
eng ineer can unders tand.] The techniqu e turns 
out to be particularly useful whenever th e crux 
of a signal process in g problem is digging a 
weak signal out of a morass of noise. 

Anoth er u sefu l theoreti cal techniqu e now be
ing pu t to prac tical work is th at of th e sca ttering 
parameter to design high-frequ ency transis tor 
circu its [Sept. 5, 1966, p . 78]. And winning rapid 
accep tance is the state variable approach for 
designing mass ive networks. 

F or the mos t part, engineers in the U.S. wel
come sugges tions and new ideas. They h ave to. 
Competitive pressures fo rce them to keep search
ing for new developments which can b e mar
keted. Until engineers in oth er countries feel 
similar pressures , they'll be un able to match the 
pace of technological advance in the U.S.-no 
matter who pays for R&D nor how much is spent. 
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P RECISION MOLDED 

MONOBLOCS . " 
,, ~ 

PHENOLIC COATED MONOBLOCS 

• 
H ERMETICA LLY 

SEA LED -IN -GLASS M O N O BLO CS 

--~~ -" NEW FLAT-PACK MONOBLOCS" 
Five 10,000 p F. capac i to rs in o ne . 

e p ackage 

IF YOU NEED 
SMALLER 

NEW HIGH VOLTAGE MONOBLOCS 
1400 pF. a t 3 K Volts, •• 
in o n ly .003 c u. in. 

NEW BUTTON -TYPE 

MONOBLOC FILTER-CAPACITORS 

• 

Quality 
CAPACITORS••• 

Specify 

MONOBLOC CH IPS 

Any SIZE and shape availab le 

• • 
ERIE 

MONOBLOCS 
WORLD 'S M OST COMPACT 
TRIM M ER CAPACIT OR •• • 
5 to 25 pF. 100 WV de 

· ~ i~ r 
l,,. ' u 

UNMATCHED for 
VOLUMETRIC EFFICIENCY, 
STABILITY and RELIABILITY 

In today's microcircuitry, Erie's unique 
MONOB LOC Ceramic Capacitors 
provide the answer to difficult 
packaging problems ... particularly 
where high capacitance, demanding 
stability, great reliability and severe 
environmental conditions are 
deciding factors. 
Monobloc Subminiature Capacitors are 
available now for a wide variety of 
microcircuit appl ications . Currently, 
Monoblocs are used extensively in 
aerospace and mi l it ary control 
equipments, communica t ions computers 
and other areas requiring the reliability 
of performance so characteristic of 
Erie Monob locs. 
You name the capacitance problem 
and Erie wi ll provide a Monobloc 
Capacitor with better rel ia bility . •• 
in a smaller package. Write for 
Monob loc Ceram ic Capacitor 
literature . 

Another Series of Components in Erie's Project " ACTIVE" 
Advanced Components Through Increased Volumetric Eff iciency 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

Eri e , P e n nsylvan i a 

® 
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Through the maze 

toa new data 

$torage system 

Court orders 

end to pirating 

of engineers 

RCA uses tungsten 

for thin-film 

IC wiring 
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Electronics Newsletter 
October 31, 1966 

The Air Force is investigating an optical technique for storing and pro
cessing data that in some respects imitates the learning process. Hard-
ware includes a laser and an alkali crystal. · · · 

. A prototype has been built by ·Carson Laboratories; · Bristol, Conn. 
[Electronics, May 30, p . . 35]; it uses a potassium bromide crystal impreg
nated with hydrogen. · A red beam from a helium-neon laser writes a 
binary one by bleaching a tiny spot in the bluish crystal, making that 
spot transparent. When a subsequent infrared beam hits the spot, the one 
is erased by recoloring the spot purple. A lower intensity infrared beam 
interrogates the storage crystal. 

For use as an adaptive system the crystal is divided in four equal 
sections. Coded throughout one section is a maze of spots. The laser 
randomly scans the section until it hits upon a path through the crystal. 
A record of all successful paths is recorded in two of the crystal's sections 
and a history of all the paths is stored in the fourth section. 

One of the time-honored recruiting grounds for employees has been the 
competitor. And with the scramble for employees never greater in the 
electronics industry, the complaints about pirating of employees have 
been increasing. Now one company-Nexus Research Laboratory, Inc. 
of Canton, Mass.-has obtained judicial aid. The Middlesex County, 
Mass., Superior Court issued a temporary order earlier this month 
restraining Analog Devices, Inc., of Cambridge from contacting or 
soliciting employees of Nexus "otherwise than through public advertising 
media." The temporary order remains in effect pending a hearing. 

Both companies manufacture operational amplifiers, the basic build
ing block of analog data processing. Analog Devices recently completed 
a new plant in Canton, a town southeast of Boston. Neighboring Dedham 
is the home of the oldest firm in the area making analog computing 
equipment-George A. Philbrick Researches, Inc. The combined output 
of Philbrick, Nexus and Analog represents a major segment of the analog 
component business in the United States . 

Add tungsten to the list of materials for thin-film wiring on integrated 
circuits. It is being used in a new process, under development at the 
laboratories of the Radio Corp. of America, for air-isolated IC's and 
arrays. The IC's are being evaluated for use in microwave systems and 
other applications at frequencies above I gigahertz. 

RCA's technique is to diffuse devices into a silicon wafer, apply thin
film wiring, then press the wafer into molten glass, device side down. 
After the glass cools, the back of the wafer is etched to remove the 
silicon between the devices. This allows the transistors in the IC's to op
erate at frequencies many times the normal 200-megahertz limit for IC's. 

Tungsten was chosen as the wiring film because it is a close match in 
thermal coefficient of expansion with silicon. This prevents the wiring 
from ripping loose as the glass cools. The resistance of the tungsten 
wiring is about the same as the usual aluminum wiring, because of the 
short wiring lengths and because the deposited tungsten is more dense 
than deposited aluminum. Tungsten also resists the silicon etchants, 
making the arrays easier to process. 
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NASA may ask bids 

on added memory 

for Apollo 

Electron beams 
etch silicon nitride 

Pentagon says 

industry must 
consider IC's 

Flat servomotor 
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Electronics Newsletter 

Computer manufacturers may get a chance in the next two or three 
months to build a new Apollo applications subsystem-an auxiliary mem
ory for the guidance and control computer. The Raytheon Co., which is 
producing the Apollo computer, has completed design specifications of 
the auxiliary unit under a development contract. The National Aeronau
tics and Space Administration is now deciding whether to give Raytheon 
a follow-on contract or to issue a competitive request for proposals on a 
Hight-qualified prototype. 

If approved, the auxiliary unit would contain 12,000 16-bit words of 
core memory and 1.5 million words of tape memory. In the Apollo Appli
cations Program flights it would carry experiments beyond the computing 
capability of the current 40,000-word memory. 

Silicon nitride has been hailed as the insulating material most likely to 
improve semiconductor devices and integrated circuits, but it has one 
major drawback-the difficulty of etching it [Electronics, Oct. 3, p . 108]. 
At the Electrochemical Society Meeting in Philadelphia this month, it 
was reported that electron-beam activation of silicon nitride allows it 
to be etched directly, without resist or complicated reverse-etching proc
esses. The technique is an extension of one being developed at the West
inghouse Electric Corp. research laboratories for direct etching of the 
conventional IC insulator, silicon dioxide [Electronics, Oct. 17, p . 125]. 

The trend to integrated circuits in military equipment- already moving 
at a rapid clip-is being accelerated by the Defense Department. The 
department now is circulating to both military agencies and industry 
associations copies of a revised draft of a proposed directive which speci
fies that all new research and development projects must consider the use 
of microelectronic technology. An earlier draft [Electronics, Oct. 17, 
p . 68] had limited circulation-it was sent only to military agencies. 

Behind the agency's push for greater use of IC's is a growing convic
tion that military electronic equipment can be designed so that there is a 
high probability it won't fail during its lifetime. 

The directive listed two key concepts to be considered: 
• Electronic modules, containing "several to many" IC's, should be 

cheap and reliable enough so that, if and when they fail, it would be 
economically practical to replace rather than repair them. 

• Further, there should be what the military calls "logistic self-sup
port." This means the gear has sufficient built-in redundancy, or there 
should be enough plug-in replacements on hand to last the entire 
projected lifetime of the equipment. 

The gears, sprockets, chain drives, pulleys, cables and other parts that 
convert rotary to linear motion in chart recorders may be a thing of 
the past. A chart recorder introduced by the Electro-Nite Engineering 
Co. last week makes use of a lineal a-c induction motor that eliminates 
motion conversion. The motor is Hat. The conventional stator-a com
pact mass about 2 inches long-is the moving element, and the armature 
is a stationary linear bar that stretches across the top of the recorder. 
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Voltage breakdown and switching speed 
requirements are met with this PIN diode 

I 
PIN microwave switching diodes are 
not usually ,characterized as fast 
switching devices which combine 
high voltage breakdown and good 
isolation. Improved diffusion, bond
ing and passivation processing tech
niques make Sylvania's D-5720 series 
an exception to the rule. Because of 
their unusual properties, these de
vices are finding wide applications in 
the inputs of systems which require 
switching of microwave power rang
ing from microwatts to watts CW and 
up to kilowatts in pulsed operation. 

D-5720 series of PIN diodes. 
These microwave switching diodes 

rely on improved processing tech
niques for their superior performance 
capabilities. Sylvania has developed 
techniques which reduce junction 
capacity to maintain high isolation 
characteristics over a wide range of 
microwave frequencies. Sylvania's 
improved lead bonding insures reli
able operation in severe environ
ments , while improved passivation 
minimizes changes in electrical char
acteristics with life. 

Take a breakdown voltage of 200V, 
a switching time as low as 10 nano
seconds, an isolation of 20 db at C
hand in a shunt-tuned configuration, 
and a series self-resonant frequency 
of 11-16 GHz. Combine them with 
extreme stability throughout a long 
life and you've described Sylvania's 

Characteristics of the devices which 
result from these improved processes 
are shown in the table. These silicon 
diodes operate as a voltage-dependent 
variable resistance when biased in the 
forward direction, and as a relatively 
small and nearly constant capacitance 
when reverse-biased. (continued) 

SWITCHING CHARACTERISTICS OF D-5720 "FAST" PIN DIODE 
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This Issue in Capsule 
Integrated Circuits - A new device 
that shapes, detect s, gates, integrates, de
lays, oscillates, restores, and filters. 

CRTs -Preassembled, prealigned pack
ages can insure performance while reduc
ing downtime and costs. 

Readouts -customed Electrolumines
cent units solve military display problems. 

Diodes -How to avoid selecting and test
ing when the circuit calls for matched 
diodes. 

Transistors - Reduce noise with high
frequency NPN silicon units. 

Receiving Tubes - Steadier de w ith 
improved VR tubes. 

Integrated Circuits - New dual J-K 
flip-flops reduce can count, boost speed. 



(continued from pg. 1) 
The total capacitance listed in the 
table includes 0.05 pf, attributable to 
the 075 package in which the diodes 
are mounted. 

All the PIN diodes tabulated are ca
pable of withstanding these environ
mental tests called for in MIL-STD-
750: Temperature Cycle from -65°C 
to 150° C for 5 cycles; Thermal Shock-
1000C to 0°C; Moisture Resistance-
95% R. H., 10 cycles, 10°C to 65°C; 
Shock-1500-g for 0.5 milliseconds, 5 
blows in each of 3 planes; Vibration-
20-g from 100 to 2000 Hg, four 5-
minute cycles in each of three orien
tations; Constant Acceleration -
20,000-g for one minute in each of 
three planes; and Storage Life-
1500C for 1000 hours. CIRCLE NUMBER 300 

Samplin1 
Oscilloscope 

"--+--+----.,_;;.;="-"";;:;..;...t---1LJ~~-tQHP 1858/188A 

I I 

L---------------j 
Test circuit for measurement of switching time (T 5>. 

VOLTAGE 

I 
100% 

SWITCHING TIME IS MEASURED BETWEEN THE 
IO'Y. AND 90'1'. POINTS AT THE WllVE FORM . 

" . 

. ' 
.. 

ELECTRICAL CHARACTERISTICS, 0 -5720 SERIES: MAXIMUM RATINGS: 

CHARACTERISTICS CONDITIONS D-5720 D-5720A D-57208 UNITS 
Total Power Dissipation 
Pr = 150°C - TA 

Vs @ 10 µa 200 200 200 v RtD + RtM 

CT max. @ -25 v, lMHz 0 .1 0.2 0.35 pf 
Pr-Total power dissipation 
TA-Ambient Temperature. 

R
5 

max. @ 500MHz, 100 ma 3.0 2.5 2.0 ohms RtD-Thermal resistance of diode. 

Rt max. -- 400 400 400 °C/watt 
RtM-Thermal resistance of mount. 

Storage Temperature, Tstg 200°c 
T

5 
typ. -- 10 15 20 Nsec. Junction Temperature, max. Ti 150°c 

CRTs .. 
"Instant Display" package cuts downtime, 

insures performance, reduces cost 
Critical display applications often re
quire keeping equipment downtime 
to a minimum while optimizing sys
tem performance. In displays using 
conventional CRTs, meeting these 
two ob;ectives is no easy task because 
optimum performance usually in
volves extensive alignment and ad-

SYLVANIA'S 
AT-SK-6003/5CEP 

;ustment after the CRT has been 
installed or replaced. Here's how 
Sylvania's "Instant Display" concept 
uses packaged assemblies to over
come this problem. 
Fully preadjusted and prealigned 
CRT assemblies are the key to insur
ing top performance in CRT display 
systems. Each assembly is a self-

contained package complete with a 
high-resolution tube, deflection coil, 
focusing coil, alignment magnets, mu
metal shield and associated mounting 
plates and supporting hardware. 

InstaJlation is easy with these de
vices. They just need to be plugged 
in. Because no further alignment or 
adjustment is needed, they can even 
be installed by non-technical people. 
And because the components have 
been prealigned, you get immediate 

CIRCLE NUMBER 301 

optimum resolution no matter who " 
installs them. 

Servicing is just as simple because ~ 

the assembly is simply replaced by .. 
another complete package. You just 
take out the old unit and plug in the · 
new one. Again, no alignment or ad- .. 
justment is required to optimize reso
lution. .. 

Typical of these packaged assem
blies with "Instant Display" capabil
ity is the AT-SK-6003. It's designed " 
for use with electrostatic focus tubes .. 
such as the 5CEP. Other Sylvania 
packaged assemblies include the AT- ~ 
SK-6000, for use with electrostatic ·,., 
focus tubes like the 5ZP. The AT-SK-
5053 assembly is supplied with the 
10" SC-3890 or any of these 5" CRTs: -.... 
5CEP, 5ZP, SC-2782 or SC-3168. 

• These units are suited for any CRT 
display application where high reso- ' 
lution and continuous display are of ~ 
prime consideration, including sys
tems requiring high-resolution flying 
spot scanning, photographic record- ~ 
ing, and video recording. 



NEW PRODUCT MANAGER'S CORNER 

The Importance of New Products 
"' When designers specify new prod
"' ucts, often they consider that they 

themselves are the ones who are out 
~, on a limb. Ever think about those 
. ., who develop the product? A new

product failure takes just as much 
"' time and just as much money to de
." " velop as a new-product winner. 

.... 

To be worth its salt, a new product 
must solve or simplify a problem. 

.. Obviously, the ultimate User Benefit 
has to be constantly kept in mind. 
Without it, there's not much sense in 

~ a developmental undertaking in the 
first place. That's the essential Syl

r' vania philosophy on new products: 
.- ... ultimate user benefit. 
.._ Much has been and is being writ-

ten about the importance of new 
,.,. products. As we at Sylvania see it, 
_ this body of literature can be effec

tively grouped under three major 
· ... headings: new products are a major 
"1" contributor to corporate growth, new 

products are a primary influence on 
.,.. profit performance, and new products 

are a key factor in business planning. 
Growth industries through busi

- ness history have been heavily built 
._on new products. This has been of in

creasing importance in recent years 
and will reach even greater impor-

1<1 tance in the future as competition 
continues to intensify and the flood 

•• of new products shortens the life
• Span of existing products. 

New products have a characteristic 
'" pattern to their sales volume and 
'" profit margin. The profit curve tends 

~ to start descending while the sales 
curve is still rising. This out-of-phase 

.. relationship between the profit curve 
'7 and sales curve suggests that product 

strategy is better planned around the 
~ profit curve than the sales curve. 

A primary economic conclusion, 
derived from analyzing the life cycles 

' of numerous products, is that sooner 
,, or later every product risks being pre

empted by another, or else degenerat-
• ing into profitless price competition. 

• This inevitable fact makes clear the 
necessity of careful new product 

"'planning to maintain profit margins. 
Another key point is that business 

success tends to be governed not only 
by what you do, but what others do. 
This means that, as a business strat-

egy, a company must plan to run 
ahead of price competition by differ
entiating its products and introducing 
new products that can command bet
ter margins. Throughout history, the 
underlying secret of business success 
has been to be in the right business 
at the right time, and this strategy is 
expressed by the selection and devel
opment of company products. Profits 
generally can be sustained in the long 
run only by a continuing flow of suc
cessful new products, not only to re
place sales volume, but also to sustain 
and increase profit margins. 

Company plans are keyed to and 
made up of product plans. The pro
jection of sales, costs, capital, facili
ties, and personnel needs without 
clear product plans can only reflect 
broad targets, not specific programs. 

At Sylvania, as in most companies, 
the plans for growth in sales and 
profits are at the core of management 
interests. New products are a major 
factor in the growth of companies 
today. When a company selects and 
develops a product, it is determining 
its customers, competitors, suppliers, 
facilities, skill needs, and the socio
economic environment that will form 
the perimeter of its opportunity for 
success. 

Before proceeding with this prem
ise, it is necessary to establish a com
mon understanding of a new product. 
As defined here, it refers to a product 
that is new to the company, even 
though it may have been made in 
some form by others. Whenever the 
product is new to the company, the 
problems inherent will not have previ
ously been faced by management and 
must be handled as a new product. 

A product has three key dimen
sions.Technology-the fund of knowl
edge- technical and otherwise-en
abling the product to be economically 
produced, and Markets-to whom and 
how the product is to be sold- ena
bling profitable distribution. A third 
is Product Evolution, or the time it 
takes to bring it into existence. 

The Stages of 
New Product Evolution 

At Sylvania, we have found that the 
new · product process can be broken 

down into manageable stages for 
planning and control. Study of case 
histories reveals that there are six 
fairly clear stages, although the labels 
for such stages vary from company 
to company. 

Exploration- the search for product 
ideas to meet company objectives. 

Screening-a quick analysis to de
termine which ideas are pertinent and 
merit more detailed study. 

Business Analysis -the expansion 
of the idea, through creative analysis, 
into a concrete business recommen
dation, including product features 
and a program for the product. 

Development-turning the idea-on
paper into a product-in-hand, demon
stratable and producible. 

Testing-the commercial experiments 
necessary to verify earlier business 
judgments. 

Commercialization-launching the 
product in full-scale production and 
sale, committing the company's repu
tation and resources. 

Conclusions on 
New Product Evolution 

In examining the management proc
ess of new product evolution, the 
conclusion is reached that heavy at
tention should be focused on the first 
three stages. As will be remembered, 
these are the idea or concept stages. 
Experience of major companies indi
cates that most products fail because 
the idea or its timing was wrong, and 
not because the company lacked the 
knowledge to develop and commer
cialize the product. 

Therefore, well-managed compa
nies can concentrate with advantage 
on the early stages of determining 
"what should be developed." As we 
said before, it takes just as long and 
just as much money to develop a new 
product failure as it does to create a 
spectacular winner in the market
place. There are plenty of problems 
to solve in the world. The secret of 
success is to be working on the prob
lems which have solutions for which 
there is a marketable demand. 

jLL3~ 



RECEIVING TUBES 

Need steadier de? 

Voltage regulator tubes have always 
provided a simple and economical 
way to stabilize a de supply voltage. 
But, with Sylvania's broad line of cold 
cathode, glow discharge VR tubes, 
you get more than simplicity and 
economy. Continuing improvement in 
tube design and manufacturing tech
niques means your Sylvania distribu
tor has tubes with better regulation 
and other electrical characteristics. 
In addition to high quality industrial 
standard types, he also carries Syl
vania's premium Gold Brand VRs. 
You'll find devices rated for use at 
altitudes to 120,000 feet and tubes 
able to take impact accelerations of 
500-g for 1 msec. 

No matter in what environment
commercial, industrial, or military 
(you may need regulated de of 75 
volts or more)-chances are there's 
one or a combination of Sylvania VR 
tubes to fill the r equirement . The 
chart shows the many VR tubes avail-

DIODES 

Try these improved VR tubes ~ 
SYLVANIA YR TUBES 

Oper1t1111 DC Replatlon 
DC Current Plate Supp Ir over specified 

Output Ran1e Volts current Ran1e 
TJPI Volts (mA) (Min.) (Volts) 

• 
OA2 150 5 to 30 185 6 

*GB-OA2WA 150 5 to 30 165 5 

082 108 5 to 30 133 3.5 

*GB·OB2WA 108 s to30 130 2.5 

083 90 5 to 30 130 6 

OC3 105 5 to40 133 4 

003 150 5 to40 185 5.5 ' 

5644 95 5 to 25 130 5 

*GB Prefix- Sylvan ia Gold Brand Type- designed and manu-
factured for critical Industrial and commercial applications. 

able to meet your needs. For higher 
voltages than are obtainable from a 
single tube, connect two or more 
tubes in series. Of course, different 
types may be combined as long as 
the current rating of the lowest-rated 
tube is not exceeded. 

Whichever tube is selected, the 
user and designer can be sure of a 
reliable regulated de output. A con
tinuous design and process improve
ment program sees to it that quality 
levels are maintained and that per
formance levels are improved. 

Typical of this improved perform
ance is the OB2. In this tube type, 
two common problems, Voltage Jump 
(random voltage pulses of a few milli
seconds or less) and 400-cycle oscilla
tion, have been eliminated by rede
sign and process improvement. Tight 
control of gas mixture and pressure 
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insures that Voltage Jump is kept ... -
within 0.1 percent of the regulated 
voltage. 

Type 5644 is a premium device with . , 
an operating voltage of approximately 
95 volts. Designed to provide depend
able service under conditions of se
vere shock, vibration and high alti
tude, it can take bulb temperatures ,,. 
of up to 220°C. It has these radiation ., 
ratings: Total Dosage (neutrons/ sq. 
cm)-1016 nvt, Dose Rate (neutrons/ 
sq. cm/ sec. )-1012 nv. This tube has 
three cathode leads to give a rugged 
mount support and additional exter- " 
nal tie points. 

Gold Brand types GB-OA2W A and 
GB-OB2W A provide a high level of Ir

reliability. Tested to tight acceptance 
criteria, these tubes are rated for alti
tudes to 120,000 feet and for impact 
accelerations of 500-g for up to 1 msec. 

• 

Avoid selecting and testing 
when the circuit calls for matched diodes 

Sylvania's improved version of the 
standard 1N541 point contact ger
manium diode eliminates the need to 
specify matched pairs when circuit re
quirements call for precisely balanced 
diodes. These new units are so uni
form from diode to diode that the de
signer gets satisfactory performance 
without selecting and testing devices 
to insure matched characteristics. 

With previous versions of the 
1N541, circuit designers specified the 
1N542 (two matched 1N54ls) while 

the device manufacturer did the test
ing and selecting. Or, if the matching 
was done by the equipment man
ufacturer, extensive in-house device 
testing time upped production costs. 
Either way, the diode user paid a 
premium. With the Sylvania 1N541, 
this added cost is eliminated. Now all 
that production people need do is to 
pick at random the number of diodes 
required. 

The advanced 1N541 has a greatly 
improved forward capacitance char-

"' 
acteristic as shown in the graph. The ,, 
narrow spread of capacitance-for
ward voltage characteristics indicates r 
tight control during device manufac- .,,. 
turing. This same tight control also 
reduces the spread in the capacitance- • 
reverse voltage parameter. 

If the capacitance change with for
ward voltage were radically differenr 
from one diode to another, perform
ance characteristics of balanced cir
cuits would suffer. For example, in a 
ratio detector the characteristic de-



DIODES (continued) 
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~tection curve would become highly 
distorted. This results from detuning 

'"' one secondary which in turn causes 
I'< unwanted signals in the detector's 

output. 
r' In addition to use in FM ratio de-

TYPICAL FORWARO BI AS CAPACITANCE DISTRIBUTION 
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FORWARD VOLTAGE IN MILLIVOLTS~ 

tectors, the Sylvania 1N541 is ideal 
for discriminators, balanced modula
tors and other circuits requiring two 
or more matched diodes. 

To insure uniformity of the devices 
used in such circuits, the forward volt-

200 

TYPICAL PARAMETER SPECIFICATIONS 

Parameter Test Conditions Min. 
Forward Voltage IF = 1.0 ma 
Forward Voltage IF = 10 ma 
Forward Voltage IF = 30 ma 
Reverse Current VR = 2.0 v 25 °C 
Reverse Current VR = 30 v 25 °C 
Reverse Current VR = 45 v 25 °C 
Reverse Current VR = 2.0 v 55 • C 
Reverse Current VR = 30 v 55 °C 
Reverse Current VR = 45 v 55 • C 
Dynamic Resistance IF = 10 ma 40 
Rectification Efficiency 1.0 V eff 76 

3.0 V elf 83 
RL = 33 K 
CL = 330 pf 

Max. 
0.45 v 
1.5 v 
3.0 v 
3.0 µa 
150 µa 
350 µa 
20 µa 
250 µa 
450 µa 

80 0 
80 % 
89 % 

age and reverse current characteris
tics of the 1N541 are both specified at 
several levels. Also, tight control is 
maintained on the 10.7 MHz rectifi
cation efficiency. 
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READOUTS 

Solve military display problems with customed EL 
The Requirement: A defense dis

"' play system capable of indicating the 
.,. digits 1 through 9, certain alphabeti

cal characters, and a decimal point. 
""' The Approach: Custom-design a 

module to convert the available in
puts to driving signals for a 5-digit, 
7 segments per digit, Electrolumines-

.cent (EL) panel. 
The Result: All the advantages of EL 

1 displays coupled with solid-state re
~ liability. 

Sylvania's ability to tailor EL dis
plays to individual specifications 
•allowed a major defense system con
tractor to meet the requirements out-

.. lined above. The contractor selected 
,.. EL over gas-glow and incandescent 

devices because of EL' s freedom from 
rf noise generation, low power con

.i.sumption, compactness, and good 
readability. Coupling all these advan-

1 
tages with the inherent reliability of 

~solid-state construction made EL the 
ideal choice for this defense system 
application. 

To control the EL panel used in the 
.,.. system, Sylvania designed a custom 

modular solid-state driver circuit. 
"The driver uses silicon controlled rec
. tifiers to switch the 250 volts supplied 

to the lamp segments. Drivers and 
1:he associated circuitry are assembled 

, as shown in the photographs. 
A key factor in selecting EL panels 

- is their reliability. EL readout panels 
are not inherently subject to catas-

trophic failure. 
The resulting display has all the 

other advantages of EL including a 
wide viewing angle of almost 180°, 
an easy-to-read, soft blue-green color 

and fast information display. 
For your custom display, EL pan

els in a variety of sizes (up to 6" high) 
of both numeric and alphanumeric 
characters are availahl P.. 



TRANSISTORS 

Reduce noise with these high-frequency 
NPN silicon transistors 

TYPICAL NOISE FIGURE vs COLLECTOR CURRENT FEATURE CHARACTERISTICS OF 2N918 TRANSISTOR 
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Collector-Base Breakdown Voltage, V <BRJ CBO • 
le = 1.0 µ.A ...... ......... .... ................. .. ...... ................. ... 30 Volts min. 

Emitter-Base Breakdown Voltage, V <BRJ EBO 
IE= 10 µ.A ................................................................ 3.0 Volts m in. 

Collector-Emitter Breakdown Voltage, V <BRJ CEO 
le= 3.0 mA .............................................................. 15 Volts min. 

Forward Current Transfer Ratio, h1• 

VCE = lOV, le= 4.0 mA, f = 100 MHz .................. 6.0 min. 
(9.0 typ.) 

Output Capacitance, C0b 

VCB = lOV, IE = 0, f = 140 kHz ............. ......... ........ 1.7 pf max. 
Vc8 = OV, IE= 0, f = 140 kHz .............................. 3.0 pf max. 

Noise Figure, NF 
VCB = 6.0 V, IC = 1.0 mA, Re = 4000, 

f = 60 MHz ......................................... ...... ...... ... 6.0 db max. 
(2 .3 db typ.) 

Noise Figure, NF 
VcB = 6.0 v, IC= 2 mA, Re = 500, f = 200 MHz .... 2.5 db typ. 

Collector· Base Time Constant, r b'Cc 

2 3 4 5 6 7 8 9 10 
Vc8 = lOV, IE = 8 mA, f = 79.8 MHz .......... ..... ..... 6.5 typ. ps 

le · COLLECTOR CURRENT • mA Power Gain .................... .......................... ................ 15 db min. 
(20 db typ.) 

., 

What good is high gain at high fre
quency in a silicon planar transistor 
amplifier if the transistor's noise level 
is also high? Because they feature re
duced noise levels, Sylvania's 2N917 
and 2N918 transistor family solve 
noise problems in your high-fre
quency circuit designs. Typical 200 
MHz noise figure for these devices is 
2.5 db over an I, range of 1 to 10 ma. 
At 60 MHz the noise figure is 2.3 db 
against a registered limit of 6.0 db. 

Sylvania's 2N918 family of NPN 
double-diffused silicon planar epitax

. ial transistors is expressly made for 
use in high-frequency amplifiers re-

T0-72 

qumng low noise. These low-noise 
units, the 2N917, 2N918, and 2N918-
JAN, have a minimum f T of 600 MHz 
with typical f T values of 900 MHz. 

In the 200 MHz amplifier circuit 
shown here, 2N918 transistors from 
this family yield typical power gains 
of 20 db against an EIA test limit of 
15 db minimum. 

Collector efficiency in the order of 
38% allows oscillator output power 
of 45 mw (typ.) against a limit of 30 
mw at 500 MHz, 8.0 ma collector cur
rent and 15V V CB· 

At a free air temperature of 25°C, 
these units are rated at: 200 mw 

power dissipation, 30 V collector to -
base, 15 V collector to emitter and 
3 V emitter to base. Operating col-

~ 

lector junction temperature for this ~ 
device family is 200°C. All three 
types are packaged in a 4-lead T0-72 
hermetically sealed can. The fourth 
lead on the TO-72 is a shield lead • 
connected to the can to allow ground
ing of stray r-f signals. 

The Sylvania 2N918 is capable of .,. 
meeting the full requirements of both 
MIL-S-19500/ 301 (EL) (JAN2N918) • 
and MIL-S-19500/ 326 (JAN-TX-. 
2N918). 

CIRCLE NUMBER 305 



INTEGRATED CIRCUITS 

New IC shapes, detects, gates, integrates, 
delays, oscillates, restores, and filters 

., Combine. the availability of external 
connections on an AND gate, a 
Schmitt b·igger and a SUHL output 

• network in one IC and you've de
scribed an extremely versatile mono
lithic circuit. Combine two of these 

., circuits in one package and you've 
described Sylvania's Series SG-80 
Dual Pulse Shaper/ Delay AND Gates. 

.. These multifunction gates allow con-
struction of a host of circuits-wave
shapers, threshold detectors, integra

"' tors, delay generators, noise filters, 
oscillators, pulse restorers, line re., 
ceivers, and similar system functions. 

• Yet the device can also be used as an 
AND gate for conventional logic. 

Each Sylvania Series SG-80 pack
age has two separate three-input mul
tiple emitter AND gates (Figure 1). 
An external tie point allows a capaci-

... tor to be connected to the bases of the 
input transistors of each gate. Thus, 
the AND fonction can be delayed 

.,. until the capacitor is charged through 
an internal resistor. Leads of this in
ternal resistor are also brought out to 
allow use of an external resistor in 

•place of, or in combination with, the 
diffused resistor. The AND gate is 

" 

Dual Pulse Shaper/Delay AND Gate 

(I) (14} 

(2) (13) 

(3) (12) SG - 80 
SG-8 1 

\Ice ( 4 ) (II) SG-82 
SG - 83 

(5) (IQ) 

(6) 

(7) 

12•(1 ·14 · 13)·2 
11 • (7 ·8·9 )·6 

HOT LINE INQUIRY SERVICE 
Use Sylvania's "Hot Line" in
quiry service, especially if you 
require full particulars on 
any item in a hurry. It 's easy 
and it's tree. Circle the reader 
service number(s) you ' re most 
interested in; then fill in your 
name, title, company and ad · 
dress. We'll do the rest and see 
you get further information 
almost by return mail. 

followed by a level detecting Schmitt 
trigger having a hysteresis of approx
imately 0.4 volts. The trigger drives 
a typical SUHL output network. 

When connected without an exter
nal capacitor or resistor, the circuit 
functions as a conventional logical 
AND with high positive and negative 
noise immunity and high speed. Also, 
because of the regenerative nature of 
the Schmitt trigger and the hysteresis 
in the transfer characteristics, input 
signals with long edges ( fall and rise 
times up to 5 seconds) and/or noise 
can be restored and shaped to con
ventional digital logic signals ( 10-
nsec rise and fall time). 

Threshold detection capabilities 
come from the regenerative Schmitt 
trigger. It causes the output to jump 
to a 'T ' when the input signal reaches 
approximately 1.2 V. The output snaps 
to logic "O'' when the input falls to 
about 0.8 V. This gives a positive ac
tion for jitterless level detection. 

In the delay mode, when 1+14 + 
13 = "O," an external capacitor dis
charges through these inputs which 
present a very low impedance and a 
rapid discharge. When l · 14· 13="1," 

· Functional Diagram of SG-80 Series 
Dual Pulse Shaper/Delay AND Gate 

IST 2NO 
GATE GATE 

( 3 ) (51 

(2) (6) 

(I) (7) 
O• l (Bl 
(13) (9 ) 

(4)Vcc 

SCHMITT 
TRIGGER 

{12)(11) 

the Schmitt trigger doesn't change 
state until the capacitor has charged 
to threshold. Now, r e g eneration 
causes a rapid change in the output. 
This configuration provides integra
tion b y averaging the time above 
threshold. In the same way, high 
amplitude, narrow pulsewide noise 
spikes can be filtered from a logic 
signal. 

By using the AND, threshold and 
capacitor point features of the SG-80 
series, a variety of integrated circuit 
oscillators and pulse generators can 
be constructed . All these timing cir
cuits derive their delay from the RC 
combination on the base of the input 
transistors Ql and Q. Delay times 
using the internal resistor and exter
nal capacitor are approximately 1.5 
ns ec/pf plus normal circuit d elay. 
With external timing resistors, d elay 
time becomes 0.35 RT CT plus nor
mal circuit delay . 

For capacitors greater than 0.1 mf, 
a series current limiting resistor of 
about 50 ohms is required. This re
sistor reduces loading on the driving 
gate to about 12 ma. 

CIRCLE NUMBER 306 

RATINGS/TYPICAL CHARACTERI STICS AT SV 2s · c 

SG-80 SG-81 SG-82 SG-83 

Input Current 11, I.I !.!' 1.25 1.25 ma 
Input Leakage 1,, 10 10 10 10 µA 
Positive going threshold V,. + 1.2 1.2 1.2 1.2 V 
Positive going threshold coeff. ,iv,.+ -4 - 4 - 4 - 4 mv/ •c 
Negat ive going threshold V,.-,i,._ 0.8 0.8 0.8 0.8 V 
Negative going threshold coeff. .6.Vth - 2 - 2 - 2 - 2 mv/ 0 c 
Hysteresis V,, 0.4 0.4 0.4 0.4 V 
Logic "O" V V,., 0.25 0.25 0.25 0.25 V 

Logic " ! "@ ~.:, ~03 ~03 ~03 ~03~a 
@ I,., 3.0 1.5 3.4 1.2 ma 

Fan-ou t to SUHLf F.O. 15 7 12 6 
Fan-out to SUHL II F.O. 12 6 JO 5 
Power Dra in Avg. Ice 15 15 17 17 mw 
Turn-on delay tM 10 10 10 10 ns 
Turn -off delay coefficient .lt,u 1.5 1.5 1.5 1.5 ns/ pf 
t1 .. 11 t, 4 4 4 4 ns 
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INTEGRATED CIRCUITS 

New dual J-K flip-flops reduce can count, boost speed 
Here's how to get more than just a 50 
percent reduction in the number of 
flip-flop packages when you use Syl
vania's new dual J-K flip-flops. And 
you get more than the reduction in 
board wiring and interconnections 
that goes along with reduced can 
count. The two new families of dual 
J-Ks, one with a 35 MHz logic rate 
and the other with a 50 MHz speed 
(the fastest in the IC industry), pro
vide devices with separate clock ter
minals ( SF-100 and SF-120 series) 
and with a common clock and com
mon reset terminal (SF-llO and SF-
130 series). 

Also, all dual J-Ks in these families 
have separate set terminals. With all 
of this, there is the added bonus of 
SUHL II performance characteristics. 

This means high noise immunity, log
ic swing and fan-out, as well as low 
power and high capacitance drive. 

The SF-100 and SF-llO series dual 
J-K flip-flops are rated for 35 MHz, 
while the ultrahigh-speed SF-120 and 
SF-130 series feature a logic rate of 
50 MHz. Along with Sylvania's new 
SF-200 and SF-210 series of single 
50 MHz J-Ks, the SF-120 and SF-130 
series represent the fastest dual J-K 
flip-flops in the integrated circuit in
dustry. 

On all dual units each flip-flop has 
its own J input and K input. Further, 
both families of dual J-K flip-flops 
will accept synchronous or asynchro
nous data input at their respective 
logic rates (35 or 50 MHz). 

Performance characteristics include 

PIN BASING FOR SYLVANIA'S DUAL J·K FLIP-FLOPS 

(141 SET, ~1~11 (14) SETA 
( I ) JA I I (),\(13) 35MHz (I) JA Q ( 3) 35 MHz 
( ) SF-100 MP A I SF-110 MP 
3 CA I - SF-101 MS (2) KA SF-111 MS 

(2) l<A I I QA (12) SF-102 IP (3) CLOCK QA (12) SF-112 IP 

I I SF-103 IS (5)RESET SF-113 IS 

161 Ja ID+Oal91 Qe (91 
(5) C 50 MHz (6) Ja 50 MHz 

a I I - SF-120 MP - SF-130 MP 
(7) Ka 1 I Oa llll sF-121 Ms (7) Ka Qa (1 1) SF-131 MS 

lBl SETa L -' sF-122 1P (8)SETa SF-132 IP 

-- SF-123 IS SF-133 IS 

.. 
dissipation of 50 mw, noise immunity 
of ± 1 volt and logic offset of 3.5 volts 
for logic ''l'' and 0.2 volts for logic ~ 

"O." Fan-out is from 9 to 15, with a 
fan-in of 3. Operation from a single 
5-volt source insures system compat- • 
ibility with other SUHL units. 

These new J-K flip-flops aren't re
stricted by the clock. They can oper- • • 
ate in conjunction with clock pulses 
or between them. These dual units 
are available in MIL (-55 ° C to• 
+ 125°C) and the industrial ( 0°C to , 
75°C) versions. They're supplied in 
the standard Sylvania dual in-line .;. 
plug-in package and the T0-85 flat , 
pack. They can be used just about 
anywhere you're using two individual~ 
J-Ks, including ripple counters, shift 
registers and storage registers. 
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Circle Numbers Corresponding to Product Item 

O Please have a Sales Engineer call 
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HOT LINE INQUIRY SERVICE 
Need information in a hurry? 
Clip the card and mail it. Be 
sure to fill in all information re· 
quested. We'll rush you full par· 
t iculars on any item indicated. 

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim
plify handling and save time. 
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Now available in 
16 different configurations 
- all with 0.01% accuracy-

0 9 s ·1 
I 

Cohu's Model 510 Series 
Digital Voltmeter-Ratiometer ! 

This highly reliab le and stable instrument is now being delivered in models to meet virtually 

every application-laboratory, bench and assembly line. The basic cabinet model we ighs only 

12 lbs. and sells for $995, wh ile the basic rackmount model is $1050. Both prices are FOB San 

Diego. Additional export charge. 

The 510 series is ava ilable either with manual ranging only or optionally with both manual and 

automatic ranging of the four voltage ranges. Electrical output options are biquinary, 1248 

BCD, or 1224 logic level outputs, enabling this DVM to drive most types of digital record ing 

devices. An optional accessory probe is also available. 

These features are common to all models in the 510 Series: 
• 0.01 % ± 1 digit accuracy 
• automatic polarity indication 
• 4-place reading on all ranges 

• single control, range and function 
• front panel sensitivity control 
~ high input resistance 

• 4 manual ranges, 2 functions 
(lVto lOOOV, 1:1to1000:1 ratios) 

• solid-state reference and circuitry 
• bidirectional tracking logic 

For full details, contact Cohu engineering representatives in major cities throughout the world. 

E LEC::TRC> N IC::S, I N C:: 

SAN DIEGO DIVISION 

Box623 
San Diego, California 92112 
Pho~e. 714-277-6700 
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About the only thing 
you won't find in 
a new Bendix 
"Pancake" connector 
is much room 

... 

for improvement. 
What you will find are 9 major con
nector improvements. All of them go 
together to reduce weight as much as 
60 % and length by about 50 %, making 
Bendix® JT Pancake connectors the light
est, smallest, off-the-shelf models avail
able. Put any one of them to work, and 
here's what you'll have going for you: 
• Greater resistance to splay and bend

ing (pin contact stability ). 
• Design simplicity (reduction of num

ber of components). 

• Increased reliability (lot control on 
sensitive components). 

• Wider temperature range (cryogenic 
to 392°F). 

• Hard face socket inserts eliminate pin 
contact dielectric piercing. 

• Eliminated cross plugging (by alter
nate keying). 

• Improved sealing (both main joint 
and rear grommet). 

• Improved contact identification. 
• Design versatility that offers a host 

of options: crimp, solder, standard 
temperatures, high temperatures, 
grommetted and potted versions, her- .., 
metic seals in 8 shell types, 9 shell 
sizes, to name a few. You can choose 
from 34 insert patterns, 16-, 20-, 22-, 
and 24-contact sizes that will accept a • 
wire range of 16 through 28 gage. 

As you can see, we've been doing some 
great things with the Bendix line of 
Pancake connectors. Now it's your turn. " 
Contact us in Sidney, N.Y. 

f -

.. 
Scintilla Division i~ncf~ 

CORPORATION 
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Displays 

Video on a platter 
Better color television pictures
and perhaps the elusive flat-screen 
tv-are among the potential fallouts 
of an Air Force program to do away 
with bulky electromechanical cock
pit display in struments. 

The Air Force is developing 
video-quality electroluminescent 
(EL) displays, backed up by solid 
state control circuitry, and hopes 
within a year or two to develop 
EL displays that are controlled not 
hy circuitry but by sheets of fer
roelectric materials or glassy semi
conductors applied to the rear of 
the electroluminescent panels. The 
research, it is hoped, will lead to 
displays that will be so small and 
cheap that they can be replaced, 
I ike lamps, at regular intervals. 

Meanwhile, the first goal of the 
development program has already 
been achieved at the Air Force 
Flight Dynam ics Laboratory at 
" ' right-Patterson Air Force Base, 
Ohio. Its aim 'vvas easy-to-read dis
plays, such as bar-graph altimeters 
and numerical indicators. The 
achievement is largely due to a new 
display faceplate that filters out 
ambient light and allows displays 
to be read even in sunlight, while 
also allowing the EL driving power 
to be cut in half. This, plus an 
improved phosphor known as zinc 
sulro-selenide, has solved bright
ness problems and assures long
lived displays. Capt. Carlton J. 
Peterson, th e officer responsible for 
the projec t at the Air F orce lab, 
hopes to see the major remaining 
reliab ility problem-long life at 
high temperatu res-solved during 
1967. 

Harder and harder. The Air 
Force's present techniques are be
ing adopted by the National Aero
nautics and Space Administration 
for displays in Apollo spacecraft. 
At th e Air Force lab , complex dis-
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ELECTROLUM IN ESCENT LAYER 
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AND THRESHOLD LAYER 

Two ways of 
eliminating most 
of the control 
circuitry for elec· 
trolu minescen t 
displays may be 
the use of ferro· 
lectric I ayers, 
shown above, 

~ being developed 
by RCA, and a 
glassy semicon· 
ductor switching 

~ layer, at the right 
being developed 
by ITT. 

plays for radar, infrared sensor and 
video information have also been 
made, but it will be at leas t 1969, 
Peterson thinks, before such large 
displays can be used in aircraft. 

The new filters are also helping 
in the development of clearer cath
ode-ray tube displays, among them 
a high-contras t image-storage tube. 
The filters can readily be adap ted 
to tv picture tubes, Peterson 
believes , which would produce 
sharper pictures with less intensity. 

The EL filters were developed by 
Lear Siegler, Inc., after Air Force 
scientists determined that display 
developers were following a fals e 
trail-they were driving the EL 
phosphors harder and harder in at-

GLASS PLATE 

TRANSPARENT 
ELECTRODE IX l 

ELECTROLUMINESCENT 
DIELECTRIC LAYER 

INTERMEDIATE 
ELECTRODES 

BULK SEMICONDUCTOR 
SWITCHING LAYER 

REAR ELECTRODE {Y) 

EPOXY 

tempts to raise brightness, crea ting 
burnout and control problems. The 
lab decided to increase contrast 
between lighted and unlighted dis
play segments, rather than bright
ness, by using neutral density, pol
arized and micromesh filters- all 
kn own optical techniques. 

The result was filters, applied to 
the front of the EL panel, that re
flect only 2% of ambient light, ab
sorbing the rest. The filters tran s
mit only 35% of the light emitted 
by the phosphors, but th e li gh t is 
seen aga inst a dark background and 
the halo effect that blurs unfiltered 
EL spots is eliminated. As a resu lt, 
display panels that had to em it 35 
foot-lamberts to be clearly read 
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need emit only 4.3 ft-I and tran smit 
1.3 ft-I through the filter. Peterson 
es timates that 15 ft-I will be suf
fi cient in a cockpit, even if the 
pilot wears sunglasses, although 
this remains to be proven in flight 
tes ts. 

Solid state circuits. After a com
puter or other sys tem determines 
wha t the display is to show at a 
given time, control circuitry behind 
the panel accepts and stores the 
input signal and switches in a-c 
voltage to excite selected segments 
of the display. The voltage is ap
plied between overlapping elec
trodes, usually a transparent one 
on the panel face and another on 
the back The spots must be driven 
continu ously, since phosphor per
sistence is short. 

F or fir st-generation displays, the 
control circuitry behind the panel 
will be arrays of solid state circuits 
containing silicon controlled recti
fi ers and other semiconductor de
vices. The circuitry costs have 
dropped about 90% in the pas t few 
years, but are still high-about $15 
per display segment. The cos t, 
however, is within reason for small 
cockpit displays and the circuitry 
is proven. 

Ferroelectrics and glass. To get 
rid of most of the circuitry the Air 
Force is sponsoring development of 
bulk-material controls. It is this 
work, Peterson feels, that may 
eventually lead to thin-wall video 
displays. 

The Radio Corp. of America re
duced control materials cost to 30 
cents an element by usin g layers of 
ferroelectric material to select EL 
snots as shown in the diagram. It 
built a 1,200-element video display 
with coincidentally selected spots. 
An unanticipated cost, however, 
was a diode for each segment. Al
though this lowers the attraction of 
the technique, suitable second-gen
eration displays will very probably 
b ecome feasible sometime next 
year. 

Third generation. Since last May, 
the International Telephone and 
Telegraph Corp. has been develop
ing EL displays backed by glas sy 
semiconductors as part of a general 
program to develop sys tems ex
ploiting bulk-effect devices [Elec
tronics, Sept. 19, p. 191]. Peterson 
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says ITT's work on improvin g the 
materials is progress ing so rapidly 
that he hopes to see practical dis
plays, costing about 15 cents for 
each of the elements, oy th e end of 
1967. 

His data on glass-backed dis
plays, part of a report on displ ays 
presented at an Air Force Science 
and Engineering Symposium las t 
month, is apparently the first out
side confirmation of at least some 
of the claims made for such mate
rials by th e inventor, Stanford Ov
shin sky, of Energy Conversion De
vices, In c. Peterson says these 
phase-chan ge materials can be 
painted on the back of the EL 
panel and that some improved ITT 
materials can be switched in less 
than a microsecond from a resis
tance as high as 100 megohms to 
as little as 10 ohms- a range that 
eas ily straddles the half-megohm 
requirement for electroluminescent 
panels. 

Peterson 's report will soon be 
available as an Air Force publica
tion [AFFDL-TR-66-123) . Hi s per
sonal opinion-not in the report
is that although glass semiconduc
tors are s till in their infancy, "they 
will become as important as the 
transistor and diode." Semicondu c
tor manufacturers have generally 
scoffed at a similar claim made by 
Ovshinsky. 

Communications 

Handy view 

Watching eye movements of as
tronauts and tes ts of rocket engines 
are two of th e many duties planned 
for a new television camera-trans
mitter that's small enough to fit in 
the palm of the hand. And the 
manufacturer, Teledyne, Inc., is 
pushing the camera for a variety 
of other appli cations in which its 
unique feahires offset its cost. The 
company is about to market a com
mercial model at a basic price of 
$5,500. 

The National Aeronautics and 
Space Administration received two 
of the cameras this summer, under 
contracts totaling $350,000, after 
Teledyne submitted an un solicited 
proposal four years ago. [Electron
ics, June 28, 1965, p. 18, and July 
11, 1966, p. 26.] The work was 
sponsored by the Biotechnology 
and Human Research division in 
NASA's offi ce of Advanced Re
search and Technology. One 
model, without a tran smitter, was 
sent to the agency's Marshall 
Space Flight Center at Huntsville, 
Ala. , where it will be placed in a 
rocket tes t stand. Data from en
gine firings will be sent over wire 
to tv monitors. 

Commercial model of Teledyne's television camera-transmitter. 
Unit weighs l lh pounds and will be introduced this year. 
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Broad interest. The other cam
era, which has its own tran smitter, 
will soon go to the Naval Aero
space Medical In stitute, Pensacola, 
Fla. , for experiments on ocular 
counter-rolling (the eye's res ponse 
to spacecraft rota tions). Data will 
be recorded on videotape. Other 
NASA organizations that have 
shown interes t in th e unit in clude 
the offi ce of Space Nuclear Propul
sion, Jackass Flats, Nev., which 
does all the nuclear rocket tes ting, 
and th e Am es Research Center, 
Mountain View, Calif., which runs 
the biological sa tellite projects. 
NASA also plans a demons tration 
for congress men at next spring's 
budget hearings. 

The two prototype cameras were 
put together by Teledyne's Control 
Sys tems division , E l Segundo, 
Calif. , using in tegrated circuitry 
produced by th e company's Amelco 
Semiconductor d ivision , also in 
i\fountain View. The integrated cir
cu its are b onded onto an alumina 
subs trate to form what Teledyne 
call s a Merna (for microelectronic 
modul ar assembly). Each module 
measures 0.66 by 1.13 by 0.105 
in ches an d has three, five or seven 
integrated circuits that make up a 
single subsys tem. Vilith these small 
co mponents, the weight of the en
tire camera-tran smitter is held to 
11/ 2 pounds. 

Eye on new business. The cam
era, called Micro-Eye, broadcas ts 
standard 525-line tv pictures at 60 
fra mes per second. Standard 31.5-
kilohertz sweep-frequency signals 
are generated with the Merna IC 
modules . The video amplifier is 
Fabrica ted with discrete compon
ents, which are also packaged in 
Merna modules. 

Standard 16-millimeter optics 
position the image on a %-inch 
glass vidicon su pplied by the Gen
eral Electrodynamics Corp., Gar
land, Tex. Teledyne originally 
planned to develop a ceram ic vidi
con, but that turned out to be un
workable. As a result, delivery of 
the camera-transmitter was de
layed. 

The unit, which has its own tele
scoping antenna, has transmitted 
signals up to 200 feet. 

A stock uni t uses a 7-pound re
chargeable battery, good for 10 to 
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12 hours; ex ternal power can also 
be used. Teledyne is offering as 
a built-in option a I -inch cathode
ray tube viewing monitor . Poten
tial uses , accordin g to Teledyne, 
include broadcas tin g political con
vention s and sports events direc tly 
from the scene of action , security 
applications in which a hidden 
camera is needed, in underwater 
research, industrial process con
trol, space medicine, offshore drill
in g and similar activities. 

Space electronics 

What's next? 

Should a single goal-such as a 
manned landing on Mars in the 
1980's- be chosen for the nation's 
space program once the Apollo as
tronauts have landed on the moon ? 

" I t would be difficult to find an 
electronics company in the United 
States which has not in some way 
been involved, directly or ind i
rec tly, in Apollo," says George 
Mueller, manned space fligh t di
rec tor. Since these companies are 
running out of work as Apollo 
hardware production nears com
pletion, a decision on follow-on 
programs is already overdue- so 
far as the majority of the aerospace 
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indus try is concern ed. 
To date a discussion of the goal 

has fa llen far short of the national 
debate urged las t spring by J amcs 
'Webb, admin is trator of the Na
tional Aeronautics and Space Ad
mini stration. H owever, a beginning 
was made when th e American In
stitute of Aeronautics and Astro
nautics scheduled four monthly 
pos t-Apollo symposiu ms in " 'ash
ington, each featurin g a major 
Apollo contrac tor. At the fir st 
meeting earlier this month, North 
American Aviation , In c.'s Space 
and In formation Systems division 
made a stron g plea for a Mars trip 
usin g similar hardware throu ghout 
th e program . 

Live in space. The North Amer
ican proposal calls for an inte
grated program of earth orbital 
fligh ts , lunar exploration and plan
etary missions. I t would use the 
fo llow-on Apollo Applications Pro
gram as the first step. During this 
program, development would be
gin on what the company calls a 
universal miss ion module, which 
would fit bet\veen the Apollo 
spacecraft and Saturn launch ve
hicle-the space that hou es the 
lunar module for the moon trip 
scheduled by decade's end. 

The universal module could serve 
as a space laboratory in orbit 
around earth , could house astro
nauts on a journey to Mars or 
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SYSTEM 

APOLLO SPACECRAFT 
LEM ADAPTER 

COMMAND 
MODULE 

SER VIC E 
MODULE 

APOLLO 
SPACECRAFT 
LEM ADAPTER 

~___/ 
- ---

Key to keeping down cost s of a Mars landing, according t o North American 
Aviation, would be a universal module t o perform a variety of missions. 
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could function as a lunar shelter 
for extended exploration of the 
moon. 

John F. McCarthy, vice presi
dent for engineering at the 
North American Aviation division, 
s tressed that present technology is 
adequate for large orbital space 
stations and a permanent opera
tional lunar base. And McCarthy 
added that although present tech
nology is not adequate for manned 
planetary exploration , "the nation 
is fully as competent to undertake 

a:: 
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wide to land safely, according to 
the North American official. 

Keep it going. Reliability prob
lems become particularly severe 
since the round trip to Mars may 
take as long as three years. The 
question is whether reliability can 
be achieved best by more redun
dancy, carrying along spare parts 
that th e crew can install , improv
ing the reliability of each compon
ent or some combination of these 
approaches. Study programs are 
under way at the space agency's 
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Spending for a manned flig ht to Mars would begin after the current Apollo 
lunar landi ng and follow-on Apollo Applicat ions Program pass their peaks. 

a manned Mars landing program 
at this time as it was to undertake 
the manned lunar landing program 
in 1961." 

Far to go. Frank J. Sullivan , 
NASA's director of electronics and 
control , points out that the un
mann ed Voyager program, tenta
tively scheduled for sometime after 
1973, will be a good tes t bed for 
electronic techniques . He lists data 
tran smission as a prime example, 
noting that the Mariner 4 data rate 
of 81h bits per second is far short 
of the million bits per second 
needed to provide a real-time tele
vision link between earth and the 
Mars explorers. 

Guidance accuracies will also 
have to be improved. Instead of 
passing by the planet, a manned 
exploration craft will have to hit 
a point some 20 nautical miles 
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Electronics Research Center, Cam
bridge, Mass., but so far they have 
been kept at a relatively low level 
pending a decision on goals. 

Projected costs of an over-all 
program could be kept to the an
nual rate of the current Apollo pro
gram unless a major lunar explor
a tion program is added, according 
to North American estimates. 
Apollo recently hit its peak of $3.3 
billion annually and will soon drop 
s teeply if Apollo application is not 
added. A program leading up to 
a manned Mars landing in the ear
ly 1980's-and including manned 
planetary fl ybys before that trip
would keep this spending level 
constant over the next 20 years . If 
a lunar exploration program is 
added, annual spending would 
climb to $4 billion by 1971 and 
stay above that level for a decade. 

Consumer electronics 

IC's in the old kit bag 

Integrated circuits , a spur to the 
electronics industry, may be a 
handicap to the $42.5-million elec
tronic kit market. The reason: IC's 
leave the kit bui lder little to do
a fact directly opposed to the kit 
philosophy of "do-it yourself." The 
dilemma facing the kit industry is 
wh ether to go IC's or not. One com
pany that is apparently bucking the 
trend and has decided to use IC's is 
the Heath Co., a subsidiary of 
Schlumberger, Ltd. 

Heath will introduce next March 
a stereo receiver kit with two Radio 
Corp. of America IC's instead of 
transistors in the intermediate-fre
<Jnency strip. The company will 
also market a kit for a 12-inch 
portable television with an RCA 
integrated circuit as a sound i-f 
amnlifier and audio detector. 

Wait and see. Oth er major kit 
makers-the Knigh t E lectronics 
Corp., Eico Electronics Instrument 
Co. and Dynaco, Inc.-are still on 
the sidelines. However, Knight, a 
subsidiary of the Allied Radio 
Corp., is reportedly planning to put 
IC's in a receiver line next year. 

Richard Silberbach , general man
ager at Knight, says IC's may find 
selected applications in kits next 
year and in 1968, but he thinks a 
complete switch to IC's is not justi
fi ed because of the high cost in
volved. He predicts that only about 
20% of Knight kits will contain IC's 
by 1970. 

Ruining the fun. Silberbach al so 
argu es that IC's redu ce the number 
of parts in kits and thus decrease 
the fun of kit building. 

Mark Ehren, Eico's advertising 
manager, also agrees that IC's 
could s trip kits of some of their 
appeal by detracting from the 
builder's sense of personal accom
plishment. 

The kit concept, originally con
fin ed to test equipment, has spread 
to high fidelity, stereophonic, ama
teur radio and Citizens' band equip
ment. Kits pop up in industry, the 
laboratory and the classroom and 
buyers represent every segment of 
society, from profes sional men to 
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Since Aug. 1, 
when this ad was first run, 

more than 200 computers have been ordered ... 
First deliveries have already been made. 

Shouldn't you look into it? 

And Now, the $10,000 Computer 
PDP-8/ S: A new high speed general purpose digital computer. 

Modular construction for repackaging. Field proven 
reliability. 4,096word core memory. Microsecond 
speeds. Complete software including FORTRAN. 

Flexible input/ output bus. Deliverable 
90 days ARO. Teletype included. 

The single unit price for the PD P-8/S is $10,000, and there 
are liberal OEM discounts for multiple units. 

Designed to be used in instruments or systems, the PDP-8/S 
can be rack mounted or repackaged. 

The new PDP-8 /S is a close relation of DIGIT Al 's PDP-8, the most 
successful on-line, real time computer in the history of the scientific 

communi ty. At a base price of $18,000, more than 500 PDP-8 
systems have been sold. Its success results from a design concept 

that makes it the most flexible, versatile, adaptable 
digital computer ever made. 

The PDP-8/S uses the same programs, the same instructions, 
the same opera tions , and the same basic design as the parent 

PDP-8. It has the same size memory, is equally expandable, 
and indeed , uses the same line of modules and components. 

But the PDP-8/S is a bit slower. It takes 32 microseconds to add. 
For pro cess con trol and analysis, you probably won't even notice. 

But you'll notice the price. 

( rJMPUTf HS· Mr1UULL S 

DIGIT Al EQUIPMENT CORPOR A TION. Maynard, Massachusetts 01754 Telephone· (617) 897-8821 • Cambrtdge. Mac;s . • Nev. Ha~C>n • Washington, D C. • Pars•ppany, 
N.J. • Rochester, N. Y. • Philade lphia · Huntsville · Pittsburgh · Ch1ci'lgo • Dl'n<Jer • A nn A rbor · Houston • Los An~1 eles ·Palo Aile · Seattle • Carl•'ton Placf' and 
T oronto, On t_· Reading, England • Paris, France · Mu111ch and Cologne, Germany • Sydney and West Pe!lh. Australia • Modules d1stdbutC'd also through Allied Radio 
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students and hobbyists . 
Expanding market. Not satisfied 

with the conventional electronic kit 
market, companies like H eath are 
now selling such products as elec
tronic guitars. The guitar itself 
comes ready to use; only the elec
tronic parts need be assembled. 

Eico, whose sales were $6.5 mil
lion last year, is making an effort 
to broaden its market base still 
further by introducing simple kits 
selling from $3 to $10. The idea is 
to attract b eginners to build such 
items as sirens, burglar alarms, fire 
alarms, audio power amplifiers, 
code oscillators and a-c power sup
plies. Eico hopes that once at
tracted, the beginn er will advance 
to more complex and costly kits. 

Electronic kits also have carved 
out a sizable overseas market. 
H eath is so optimistic of its future 
that it has built plants in Glouces
ter, England ; Frankfurt, 'Ves t Ger
many, and Toronto. Eico, which 
has a Canadian subsidiary, markets 
kits in Europe and South America. 
And Allied reports that it maintains 
profitable markets in England, Hol
land and Finland-even though it 
doesn't adverti se overseas. 

Computers 

IBM's new family 

'Vhen work on th e International 
Business Machines Corp. System 
360 was started in th e early 1960's , 
the aim was to develop a famil y of 
computers that could tackle a broad 
spectrum of scientific and business 
chores. That job sub stantially com
pleted, IBM turned to a new family 
of computers to invade an entirely 
different market: military and aero
space. The result is the 4 Pi family 
of computers. 

No other computer builder has 
approached the market so compre
hensively. 

The compu ters , ranging in size 
from 0.37 cubic feet to 1.88 cubic 
feet , arc built largely from mono
lithic integrated circuits . They are 
the first military-aerospace com
puters to use read-only memory. 

Design to fit. IB:VI gave special 
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Smallest model of IBM 's new 4 Pi computer famil y, configured for a tact ical 
missi le. For ot her applicat ions, the same basi c design can be repackaged. 

attention to packaging and input
output fl exibility in the series be
cause military-aerospace computers 
must often be redesigned for spe
cific applications-whether in a 
rocket or a satellite. 

The smalles t model can eas ily b e 
built into a missile or a small air
craft for inertial guidan ce. In the 
back seat of a Jeep it could calcu
late reverse trajectories of enemy 
mortar shells, locatin g the mortar 
after only one shot. The same model 
could easily do the job of IB~1 's 
Gemini computer [Elec tronics. ~1ay 
3, 1965, p. 71]; it is considerably 
smaller and faster because it is 
built with IC's, and it has more 
capability. Bombers , submarines or 
surface ships could carry larger 
models for more complex applica
tions-jobs where space, power and 
weight are at a premium. 

At th e moment the series com
prises three models , des ignated TC 
for tactical computer, CP for cus
tom processor or cos t performance 
and EP for ex tended processor. 
Other models probably will be an
noun ced from time to time, extend
in g the series both upward and 
downward, as models were an
nounced in the 360 series. 

The circuits used in the proto
types of the three models are tran
sistor-transistor NA TD logic made 
by Texas Instruments In corporated. 
Similar circu its will be used in all 
models , although TI is not expected 
to be the sole supplier. 

Options, too. Read-only memory 
is standard in th e EP model and 
available as an option in the CP. 
The memory contains micropro
grams that control the paths of data 
through the corn pu ter for the vari
ous instructions. 

In the CP and EP, the mPmory 
is a plug-in unit that can be re
placed in a few minutes. so that 
the design of either model can be 
quickly personalized for a special 
application. 

The memory is arranged like 
this : 

WORD 1 H7-ffi-ffi--t-~--ffi-H'D-l---l 111000 I 0 I 0 

WORD 2 000 1110100 

WORD 3 1011011010 

For a particular word, zinc-fer
rite cores rrovide inductive cou
pling from the word wires to the bit 
wires for 1 bits ; cores are omitted 
from the posi tion s for 0 bits. There
fore a current pulse on a particular 
word wire produces voltage pulses 
on selected bit wires that control 
logic gates in data paths. 

Contracts totalin g over $50 mil
lion for production of the com
puters have already b een awarded 
to IBM; most of th e applications 
are classified. One that is not secret 
is for th e Mark 2 avionics system 
in the F -111 variable-sweep-wing 
airnlane. 

IBM also has a contract for tlw 
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If our JXP precision 
resistor is so superb, 
how come we' re 
reluctant to discuss 
its reliability? 

Because we don 't want you to think 
of the JXP as a " high reliab ility" 
resistor. 

It is one, of course. But the term in 
th is case is a bit of an understate
ment (rather like describing the 
Grand Canyon as a hole in the 
ground.) 

For the same reason , we'd just as 
soon that you didn't think of the JXP 
as a " military" resistor, despite its 
RN classif ication. 

And even the term " metal film " fails 
to do justice to the JXP. Our Jeffers 
Electronics Division 's metal film re
sistor has characteristics and per
formance capabilities that surpass 
the best of any resistor art , past or 
present. 
How, then , should you think of the 
JXP? Simply as a " precision" resis
tor-because it's in this area of pre
c ision that o u r res istor can most 
clearly be seen to be in a class by 
itself. 

The JXP gives you the highest pre
cision at a reasonabl e cost , with tol
erances down to 0.02% available 
upon req uest. But more than that, th is 
extreme preci sion is arri ved at delib
erately, rather than by happy acci
dent. 

We manufacture the JXP under so
ph ist icated " white room " condit ions. 
We employ a fanatically t ight system 
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of process and material controls.And 
we limit ourselves to a narrow popu
lation of resistor characteristics (25 
PPM or less) . So it's no wonder that 
our entire resistor output is identical 
in precision and stability. {In fact, any 
pair of JXPs can be matched, time 
and time again, to within 0.01 % !) 

We'd be delighted to send you com
plete information about our JXP pre
cis ion res istor (includ ing its military 
and reliability aspects-if you insist). 
Just mail us the coupon. 

A patent attempt to 
win your admiration 
Even though our various electron ic 
components already offer excellent 
performance, this never seems to 
satisfy the restless individuals in our 
Research Laboratory. They' re con
stantly developing new ways to im
prove both our produ cts and our 
manufacturing processes. 

During the last six months alone, 
Speer Carbon Company and Air Re
duction Company (our parent) have 
been awarded a significant variety 
of patents-including : 3,227,983 
(U.S.) for Stacked Resistors ; 3,238,-
151 (U .S.) for Resistor Composition ; 
3,240,625 (U .S.) for Semico nductor 
Film Resistors ; 727,273 (Canada) for 
a Method of Capping Film Res istors ; 
731 ,781 (Canada) for a Fluorescent 
Lamp Starter ; 648,979 (Belg ium) for 
Resistor Manufacture ; 667,242 (Bel 
gium) for Compositi on Resistors; and 
49,129 (Luxembourg) fo r Composi
tion Resistors. 

We have no patent on mere excel
lence, of course. But when it comes 
to perfection ... wel l, only t ime will 
tell. 

We've even been 
distributing 
Distributors 
In keeping with our basic policy of 
quicksilver service, we have been 
setting up a national network of In
dustrial Electronic Parts Distributors 
covering every major market area. 

These men are hip-deep in both 
Speer carbon composition resistors 
and in Jeffers molded chokes. And 
both inventories, needless to say, of
fer the latest MIL and commercial 
specifications. 
For the name of your helpful Speer 
Industrial Distributor, contact your 
Speer representative-or use the 
coupon. 

----------------, 
JEFFERS ELECTRONICS DIVISION 
SPEER CARBON COMPANY 
DuBois, Pennsylvan ia 15801 

Speer Carbon Co. is a Division of A ir 
Reduct ion Company, Inc. 
D Send complete informat ion on your 

JXP prec ision res istors. 
D Send th e name of my helpful Speer 

Industria l Distributor. 
Name _____ _____ _ 

Title ______ _____ _ 

Company _________ _ 

Street __________ _ 

I City State __ Zip __ I 
~----------------~ 
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data-processin g subsystem in the 
Manned Orbiting Laboratory. The 
project is tightly classifi ed , bu t 
th ere is speculation that the com
puter will be a version of the 4 Pi 
EP model, which has all the char
acteri stics that an orbiting labora
tory computer would require [Elec
tronics, Oct. 3, p. 129]. 

At the speed of light 
A laser computer with optical ga tes 
and switchin g at the rate of 10 
gigahertz? F antastic? Quite so, 
says Dieter Roess of th e Siemens' 
Central Laboratories in Munich , 
\Ves t Germany, but it is theoreti
cally possible to make one, and he 
described such a computer to the 
Optical Socie ty of America meet
ing in San Francisco this month. 

Even if the optical computer 
cou ld be built, he cautioned, it 
would be only 10 or 20 times as 
fas t as the fastest conventional 
computers, and, since development 
costs would be enormous, such a 
machine might not be economically 
feasib le. 

His main point was that at the 
present level of technology, lasers 
are considered main ly as oscillators. 
"But," he said, " I think th at in a 
few years '"'e will value them for 
their amplifying and switching 
capabi lities." 

Most important, optical gates 
would b e valu able in building com
munications systems in which the 
expensive task of signal processing 
wou ld b e don e optically, rather 
than electroni ca lly. 

Making the switch. To make a 
laser act as a switch, Roess would 
insert what he calls a saturable 
absorber into the resonating cavity 
-between the oscillating element 
and one of th e mirrors. The trans
mittance of the saturable absorber 
increases with the light flu x so that 
if no light shone upon the absorber, 
the laser cou ld not oscill ate, but a 
light signal from an outside source 
would permit it to do so. 

Absorbers at both ends of the 
cavity would make an AND gate, 
since both would have to b e il
luminated for oscillation to take 
place. If the absorbers were made 
so that they transmitted a certain 
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IBM's 4 Pi computer family 
TC 

Memory capacity (words x 
bits ) 8,192x8 

expandable to 65,536 x 8 

Memory cycle 2.5 µsec 

M achine cycle 3.0 µsec 

Instructions 54 

Weight 17.3 lbs 

Power 60 watts 

Vo lume 0.37 cu ft 

percentage of light even when un
satura ted, the same configuration 
wou ld act as an OR gate. 

Roess also described complex 
logic elements in which two or 
more resonators shared the same 
laser material. The direction of the 
laser b eam could thus be switched 
by saturating sui table absorbers. 

For a ruby laser certain organic 
dyes in solution , such as methylane 
blu e in water, would serve as 
saturab le absorbers . However, sin ce 
thousands of logic elements would 
b e needed to make a practical sys
tem, Roess' design would only be 
usefu I for a semiconductor laser 
with a length of about a tenth of a 
mi ll im eter. Both he and \;v'alter 
Kosonocky of the Radio Corp. of 
America have conducted successful 
experiments in logic gating with 
crystal lasers, Roess says, but he 
does not know of any material 
which wou ld serve as a saturable 
absorber for a semiconductor laser. 

Signal processing. In a ruby laser 
10 centimeters long and 2 cm. in 
diam eter, Roess says, some 3,000 
independent signal channels (slen
der b eams of light), each carrying 
the information of 50,000 television 
channels, can be amplified side by 
side. "Th e fi gure for semiconductor 
lasers is so ridiculou s I can' t bring 
myself to mention it," he adds. 

"Of course it is all a fantasy 
now," Roess says. " Tt is not hard 
to des ign such a system if on e is 
not asked to provide the hardware. 
A practi cal realization of this the
ory is complicated by the know!-

CP EP 

8,192 x 36 16,384 x 36 

32,768 x 36 131 ,072 x 36 

2.5 µsec 2.5 µsec 

0.417 µsec 0.417 µsec 

36 70 

50 lbs 75 lbs 

250 watts 365 watts 

0 .82 cu ft 1.88 cu ft 

edge that semi condu ctor lasers 
cannot yet b e operated rc li a bl~· at 
room temperatures and that thi s 
type of laser is not as well under
stood as gas or crystal lasers. For 
the fir st problem we can already 
see technical solutions, and the sec
ond will b e solved wh en the ap
plications b ecome suffi ciently broad 
to make it economically attractive 
to do so." 

Advanced technology 

Solid look 
Last year at the Electron D evices 
Conference, Gene \ Veckl er of the 
Semicondu ctor d ivision of the F a ir
child Camera & In strument Corp. 
showed photographs of televi sion 
pictures that had been produ ced 
on an oscilloscope. In stead of a tv 
camera, a lin ear array of photod i
odes was the sensor. Since th e ar
ray was one-dimensional , \ Veckler 
11 sed a spinning prism to scan the 
scene and provide the second di
mension. Now \Veckler has re
placed the diod es with phototran
sistors and built a square array of 
10,000 ph ototransistors and 10,000 
metal oxide semiconductor fi eld ef
fect transis tors (MOS FET's) on a 
single chip that measures on e-half 
inch by one-half inch. 

The chip has not ye t b een " pack
aged," and so has not b een used 
to take pictures. H owever, \Veck-
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... especially our new metallized polycarbonates ! 

TRW has now extended its leadership in film capac
itors to include metallized polycarbonate types. Two 
features of the X463UW are outstanding. Precise pro
cessing assures low TC through temperature ranges to 
125° C. Metallized construction reduces size to less 
than one half that of film-foil designs. Other features 
of the line include : 

• Capacity range from .01 to 10.0 mfd 
• Low dielectric absorption 
• Available in tolerances to± 1% 
• Humidity resistance per MIL-C-27287 
For f u 11 i n formation contact : TRW Capacitors, 
Box 1000, Ogallala, Nebraska. Phone: 308-284-3611 • 
TWX: 910-620-0321 . 

TRW CAPACITORS 
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lcr says th at his array, whi le not 
as sharp in resolution as a conven
tional vidicon , is more th an 25 
times as sensitive as a vidicon to 
unfiltered sunlight, and 10 times 
as sensitive to sunligh t with the 
infrared filtered out. 

The array has obvious military 
anplica tion s, particu larly since it 
possesses s ilicon's sens itivity to 
infrared. I t cou ld conceivably do 
away with th e need for a photo
mu ltiplier tube for low light level 
televis ion. Fairchild says th at sev
eral parties are interes ted in the 
array, but won ' t say who they are. 

Storage mode. If a p-n diode is 
reverse-biased to a voltage less 
th an its breakdown voltage and 
th en the circuit is opened, ' Veckl er 
explains , the rate of voltage decay 
across the junction depends on the 
amount of light falling on th e di 
ode. If there is no light, the rate 
will be very slow, for the charge 
s tored on the junction capacitance 
mu st be removed by the genera
tion-recombination current gener
ated in the space charge region . 
Illumina tion, however, will give 
ri se to a photo-generated current, 
which adds to the generation-re
combination current and removes 
more capacitance per unit of time. 

' Veckler took advantage of this 
characteristic by recharging the 
space charge capacitance to its 
original condition periodically and 
measuring, at a load resistor, the 
amount of charge required to do 
so. The more light, the more 
ch arge necessary. If an array of 
these diodes were sampled sequ en
tially, the signal across the load 
res is tor would correspond to the 
spatial distr ibution of the light 
along the array. 

Further, the array produ ces sig
nal gain because the photodiode is 
always operating, but is sampled 
only for the brief period in which 
the switch is closed. The gain is 
equal to the ratio b etween the 
time the swi tch is open plus the 
time it is closed, to the time it is 
closed. Gain , and hence responsi
vity, can be controlled electron
ically by adjusting this ratio . 

Operation of such an array de
pends not only on a storage ele
ment and a current source that is 
dependent on incident light--two 
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factors which can be supplied by 
th e photodiode-but on a nearly 
perfect switch. Leakage current 
must b e small and condu ctance 
high, and the switch mu st be vPry 
fast. The MOS transistor fi ll ed the 
bill ; with no voltage on the ga te, 
th e photodiocle wou ld be shunted 
by the source diode of the MOS 
transistor, wh ile if the ga te were 
mad e sufficiently negati ve to invert 
the region under it, conductance 
wou ld be es tablished from source 
to drain and the photodiode could 
recharge. Further, the source diode 
itself could be used as the photo
diodc. thu s eliminating th e origin al 
p-n diode and providing a config
urat ion which makes for very dense 
arravs. 

Us ing individual source diodes 
and gates and a common drain, 
' Veckler made his linear arrav with 
400 clemen ts to the inch . Th~ com
mon drain meant that a sin gle load 
res is tor was needed to get an out
put signal. 

On the square. The squ are ar
ray, which was described at this 
month's Elec tron Devices Confer
ence in ' Vashington, uses photo
trans istors in stead of MOS tran
sistors as the sensor, though MOS 
devices are still used as logic ele
ments. Applying a negative volt
age to the phototransistor causes 
the collector to become forward
biased and th e emitter to become 
reverse-biased. The base-collector 
junction acts as the storage unit 
and current generator, and the 
em itter-base junction as the switch . 
H owever, to get the signal out of 
a 100-by-100 array of phototran
sistors by sampling rows and col
un1ns would give rise to stray ca
pacitan ce and cross talk problems. 
Therefore, Weckler pairs each pho
totran sistor with an MOS transis
tor, and, in a manner which Fair
child would rather not discuss, ap
plies t\.VO simultaneous voltages to 
each MOS tran sis tor in sequence 
to get the signal out of the photo
transistor. Weckler also declines to 
discuss how the MOS transistors 
and the photoh·ansistors are con
nected . 

With only 200 devices to the 
in ch instead of 400, the square ar
ray- does not have the resolution of 
the linear array. Since there are 

no isolation problems, though, 
W eclder expects to be able to 
cram many more devices into his 
arrays. Th e phototransis tor gai n, 
which is greater th an th e photo
diodc' s, enh ances the signal of the 
two-dimensional array. 

Military electronics 

Discriminating view 

There's more to laser communica
tions than meets th e eye. 

But meeting the eye is one of 
the major problems when a laser 
works in the atmosphere, with out 
benefit of an optical waveguide. 

"In a one-mile link," points out 
Gerald Ra tcliffe, an engineer at 
Sylvania Electric Products, Inc., 
" the narrow b eam can be b ent 
away from the receiver optics by 
the heat of the sun shining on one 
side of a building housing the 
transmitter , by ground movement, 
by people walking across a Roor, 
or even by expansion and contrac
tion of tire pressure in a mobile 
settin g." 

Field link. To correct for such 
sensitivity, an automatic search 
and track technique is designed 
into a laser communications link 
ordered for Army fi eld experiments. 
It will be bui lt at Sylvania's ap
plied research laboratory in VVal
tham, Mass. Sylvania is a subsid
iary of the General Telephone & 
Electronics Corp. 

The Sylvania group, headed by 
Ratcliffe, will deliver to the Army 
Electronics Research Command a 
pulse-code modulated duplex com
munications sys tem consisting of 
two identical transmit-receive ter
minals. The 3-megahertz band
width will accommodate both 
voice and data transmiss ion, with 
a data rate of at leas t 1 million 
bits per second. Employing an 
electro-optic crystal, the modul ator 
will be similar to the one des igned 
for an earlier experimental laser 
television link at Sylvania [Elec
tronics, F eb . 8, 1965, p. 75]. 

To explore the economics and 
other practical aspects of replacing 
microwave with laser links, the 
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Why specify 
Mallory MTP wet slug 
tantalum capacitors? 
D they're much smaller than solid tantalum types 

and 
D they don't need voltage de-rating! 

Suppose you need a high-relfability capacitor for a 
miniaturized circuit. You know working DC voltage, 
required capacitance, ambient temperature. What capac
itor will meet these parameters in minimum size? 

Our answer-the Mallory MTP wet slug tantalum 
capacitor. C x V "density" of the MTP goes up to 
172,000 mfd-vo lts per cubic inch-about 5 ti mes as 
much rating per unit size as solid electrolyte tantalum 
types. 

Next step-pick the exact rating you need. The circuit 
says 30 volts. So you decide to specify a 50 volt unit. 
Right? 

Wrong. You don't need to de-rate the MTP. Contrary 
to long-standing belief, operating at reduced voltage 
neither improves nor impairs performance. Not for 
this capacitor. We've made tests to prove it. Here is 
typical data: 

[T __% chan__g__e in Ca__Q_acitance after 1000 hours 
at 26°C 

Rating 0% RV* 50% RV 100% RV 0% RV 

6.8 mfd , 50V -1 -1 -1 -0.1 

30 mfd, 50V 0 0 0 0 

78 mfd , 50V 0 0 0 -0.1 

450 mfd, 6V 0 0 0 -0.2 
~ 

*R V: Rated DC Voltage 

Running the MTP at rated voltage can often help you 
make further savings in size. 33 mfd at 60 volts, for 
instance, goes in a "C" case, .225 " in diameter and 
. 775" long. But a 33 mfd 50 volt rating fits in the "B" 
case, which is only .145" in diameter and .590" long. 
And the cost is about 133 lower. 

And that's not all. The MTP is made in the same facility 
as similar capacitors for Minuteman II. And like all 
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at 65°C at 85°C 
50% RV 100% RV 0% RV 50% RV 100% RV 

-0.1 0 -1.3 -0.7 -0.9 

0 0 -1.0 -2.5 -5.2 

- 0 .2 - 0 .3 -1.2 -1.2 -1.2 

-0.7 - 3 .0 -1.0 -2.2 - 8.0 
= 

Mallory wet slug tantalum capacitors, it has lower DC 
leakage and greater freedom from catastrophic failure 
than solid tantalum types . 

Write today for our latest engineering report on voltage 
rating tests on MTP capacitors, for bulletin giving 
complete specifications. Mallory Capacitor Company, 
a division of P. R. Mallory & Co. Inc., Indianapolis, 
Indiana 46206. 

MALLORY 
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prototype equipment will be tes ted 
in a 96-channel fi eld telephone net
work at Fort Monmouth , N.J. It 
will also provide the path for com
puters talking to computers in th e 
tran sfer of military data under fi eld 
conditions . 

The Army wants to know how 
vulnerable such a link is to the 
weather and natural occurrences, 
as well as to battlefi eld shocks and 
jolts. A typical qu es tion: How 
many bits of information would be 
los t if a pigeon Hew through the 
beam during data transmission ? 

On the beam. More important 
th an pigeon problems, however, is 
making sure the narrow laser beam 
is always on target . 

" You might solve th e problem 
by widening the beam, but you 
would lose power and other b ene
fits of the laser," Ratcliffe says . 

To keep the transmitter pointed 
at the receiver all th e time and 
still take fu ll advantage of the 
narrow laser b eam , a retroreflec tor , 
or target mirror, wil l be built on 
each terminal , probably right in 
the middle of the optics sys tem. 

The operator fir st points the 
transmitter manually with a 
built-in telescope. Then he pushes 
a button for the transmitter to go 
into an automatic search-and-track 
mode. This pattern continues as 
lon g as the equipment is operating 
and keeps the transmitter beam 
within 1° of th e center of th e re
ceiving terminal's retroreflector. 

The outgoing beam is kept on 
target by maintaining the image of 
th e target in the center of an image 
dissector tube. Using standard ser
vomechanism techniques , error 
signals from the tube control a 
b eam-steering mirror. 

Straight and level. The tracking 
and pointing mirror and its optics 
discriminates agains t everything 
except th e known energy level of 
the signal com ing back from the 
receiver terminal. A narrow-band 
optical filter blocks any wavelength 
other than the 6,328-angstrom out
put of the I-milliwatt helium-neon 
laser. 

Th e return signal bounces off the 
reverse side of the beam-steering 
mirror and is focused onto the 
image dissector, which provides 
th e error signals for tracking. 
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To avoid interruption of com
munications, th e tracking sys tem 
must keep the beam within the % 
milliradian laser beamwidth , which 
diffuses to about 18 in ches at the 
end of one mile. 

Jungle guide 
Combat troops have enough to do 
without worrying about being lost 
in dense jungles and mountains. 
And because of th eir heavy reli
ance on a ir support, they need to 
know exactly where they are. A 
new man-carried loran receiver 
now bein g sought by the military 
will give foot soldiers the ab ility to 
fix their precise position as accur
ately as aircraft and ships. 

A prototype has been developed 
by engin eers at the Sperry Gryo
scope Co., a subsidiary of the 
Sperry Rand Corp. It will work 
with both the loran C and the port
able loran D systems. 

Unsolicited proposals on such 
man-carried units were sent to the 
Army Material Command, Fort 
Monmouth , N.Y., in mid-October 
by several companies. reportedly 
including International Telephone 
& Telegraph Corp., Laboratory for 
Electronics, In c., Collins Rad io Co. 

. and Lear-Siegler, In c., as well as 
Sperry. Sperry says , however, it is 
the on ly one with hardware. 

Untested. Sperry proposed to 
convert its prototype into a prepro
du ction model meeting all environ
mental requirements. The company 
reportedly would be able to pro
vide 12 of these units for Army 
fi eld evalu ation within six month~ 
to a year. 

Th e backpack unit, resembling a 
walkie-talkie, would contain a bat
tery, whip antenna and radio-fre
quency section. Mounted on th e 
soldier's belt would be a modul e 
containing a control indica tor, syn
chronizing controls and readout. 

V\Tithout batteries, this equip
ment would weigh about 7112 
pounds. The receiver could provide 
two lines of hyperbolic information 
that would be relayed to aircraft. 
Th e pilot cou.ld th en feed this data 
into his loran gear and home di
rec tly in on the ground-based re
ceiver. 

Long range. A four-pound op
tional coordinate converter could 
also be carried to take the hyper
bolic data and convert it to latitu de 
and longitude. But this isn ' t neces
sary in many instances; all the 
Army needs is to tie into the same 
reference grid as aircraft use. 

Depending on the type of stand
ard Army battery used, th e receiver 
and converter would weigh from 
15 to 20 pounds. Th e receiver's 
digital portions employ monolithi c 
integrated circuits ; discrete devices 
handle analog functions. 

Sperry says the man-carried re
ceiver will have the same systPm 
positioning accuracy as do air and 
ground vehicle units-or within 
100 meters or better. It can be on
erated as far away as 400 to 800 
miles from th e loran transmitters 
depending on the type of loran 
baseline system in use. 

Electronics notes 

• Long life. After several month s 
of hinting about it, Spectra-Physics, 
Inc., unveil ed its indu ction argon 
ion laser at th e Optical Socie ty of 
America convention in San Fran
cisco this month. It is , th e companv 
claims, the first gas laser on the 
market that is excited by an r-f 
fi eld instead of a d-c source u s in g 
metal electrodes . R-f excitation pro
vides longer tube li fe than d-c ex
citation. The company guarantees 
the lasers for a year. A slide bar on 
the laser case, which tilts a littrow 
prism, permits the user to dial any 
of the eight frequ encies b etween 
4,579 and 5,145 angstroms. Output 
is 2 watts. Spectra-Physi cs is also 
working on a krypton laser which 
will oscillate in four colors. 

• Plug-in wires. The Boein g Co. 
plans a uniqu e elec trical wiring sys
tem for its version of the supersonic 
transport. In stead of randomly mar
rying the wirin g at th e back ~f each 
shelf, connectors will take wires 
from related systems and rela ted 
bundles will be run to a new inter
face box th at may even use pr in tecl 
circuits. Thus, if one system fa il s. 
all the wiring in volved could h e 
pulled out in one simple operation. 
tested and replaced if needed. 
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The World's Best 
Receiver Systems use 
LEL Receiver Components 

Strip Transmission Line 
RF Preselector 
FSB 2250.100-5-T·NF 
Freq. range 

2200-2300 MHz 
Response ..... Tchebychev 
Insertion loss ... .I dB max. 
Stop band loss ....... 40 dB 
Skirt shape .......... 5 poles 
Tuning ..................... Fixed 
Price ............ .. ......... . $200 

Solid-State 
Mixer-preamplifier 
Model Series .9 
RF range 125 MHz-40 GHz 
(more than 60 coax or 
waveguide mixers are 
available within this range) 
N.F. (overall) .... 9 dB (typ.) 
IF cf ... ................ .160 MHz 
Bandwidth @ 3 dB 

50MHz 
Gain (Rf/ If) .......... 30 dB 
Lin. output .. ...... + 10 dBm 
Price ...................... $725 

Solid-State 
High Level Converter 
Internal Xtal LO. 
Model RTC·1 
RF cf ................. .160 MHz 
RF bandwidth ...... 35 MHz 
IF cf .... ................ 60 MHz 
IF bandwidth .... .... 20 MHz 
Gain ... .................... .10 dB 
Noise Figure ....... .12.5 dB 
Lin. input ........ -10 dBm 
Price .................... .. . $900 

.. 

Solid-State 
Linear Amplifier 
Model ITA-34 
IF cf ..................... 60MHz 
Bandwidth @ 3 dB 8 MHz 
Gain, IF .... .. .. ........... .75 dB 
Gain, Video ............ 80 dB 
AGC .......................... 50 dB 
Noise figure ........... .7 dB 
Price .................. .. .... $375 

Solid·State 
Log Amplifier 
Model ITL·1 
IF cf ...... ................ 60 MHz 
Bandwidth @ 3 dB 8 MHz 
Dyn. Range ............. 60 dB 
Sensitivity ....... 25 mV /dB 
Price ....................... $575 

LEL's catalog is a good place for you to choose from thousands of standard units engi· 
neered and manufactured with special receiver applications like yours in mind. Chances are 
you'll find just what you need. If not, we'll modify any catalogued item in short order ••• or 
build to your specifications. Why not call LEL now? 

• IE LDIV/$/ON 

Solid-State 
Limiter 
Discriminator 
Model ITf.1 
IF cf .... ....... ......... 60 MHz 
Bandwidth ........... .10 MHz 
Sensitivity ......... .! v / MHz 
Input .......... .......... 50 ohm 
Output ................ Vid. Det. 
Price ........................ $325 

varian /akron street /copiague /new york 11726 / 516 AM4·2200/516 PY9-8200 / TWX 516-691 -5085 
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When circuits need precision wirewounds, 
you can't beat DALE RS RESISTORS 

When you need precision wirewounds-Dale's· sili
cone-coated RS line offers the most for your money. 
For example: Documented Reliability -99.994% in 
tests patterned after Dale's famous Minuteman High 
Reliability Deve lopment Program (test report avail
able). Versatility - There are 44 standard axial lead, 
radial lead and non-inductive sty les plus 400 special 
RS variations already production engineered. Competi
tive Price - We invite you to match Dale RS wirewounds 
against any comparable part. Call or write us today 
for complete information. 

LATEST RS RELIABILITY REPORT 
Unit Test Hours: 32,000,000 • Reliability: 99.994% · 
Stability: Units will not shift more than initial tolerance 

after 1,000 hours ·load life. 
Test Conditions: 60% confidence level, 100% rated power, 

25°C ambient, 1 % AR failure point. 

Write for New Expanded Resistor 
Catalog A ~nd RS Reiiability Study 

Circle 50 on reader service card 

RS SPECIFICATIONS 
•Applicable Mil. Spec: MIL-R-260, MIL-R-26C & MIL-R-23379 
• Wattage Sizes: .4, .75, 1, 1'.1, 2.5, 3, 3.25, 4, 5, 7 and 10 watt 
•Tolerances: 0.05%, 0.1 %, 0.25%, .5%, 1 %, 3% 
• Operating Temperature Range: -55°C to 350°C 
• Resistance Range: .1 ohm to 273K ohms 
• Load Life Stability: 

Char. U: .5% max.AR after 2,000 hours at full rated power 
Char. V: 3% max.AR after 2,000 hours at full rated power 

•Moisture Resistance: .2% max.AR 
•Thermal Shock: .2% max.AR 
• Dielectric Strength: 500 volts, RS-V4 through RS-18; 

1000 volts RS-2 through RS-10 
• lnsulatiop Resistan.ce: 1000 megohms minimum (dry) 
• Temperature Coefficient: 20 ppm (high values); 30 ppm 

(intermediate values); 50 ppm (low values); 
90 ppm (below 1 ohm). 

DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebraska 

In Canada : Dale Electronics Canada, Ltd. 
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Eased controls 

won't improve 

export picture 

NASA may try 

manned moon shot 

before 1970 

Ideas for EROS 

Spy satellite 

maybe worth 

$200 million 

Congress ignores 

tube tariff bill 
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The release by President Johnson of more than 400 nonstrategic items 
from control lists won't do much to increase the electronics industry's 
sales to the Soviet Union and Eastern Europe. Although there has been 
a liberalization of attitude on most items, the restrictions on the 
electronics industry are still stringent. Silicon devices and high-fre
quency microwave equipment are still embargoed. The industry had 
hoped for clearance of items like videotape recorders and used com
puters but instead it got clearance on such things as color television sets, 
car antennas and tape recorders-products the Communists don't need 
or wouldn't buy anyway. 

Hopes are growing that the 1970 goal of landing men on the moon can be 
beat by as much as two years as the National Aeronautics and Space 
Administration prepares for its first manned Apollo launching during the 
first week in December. 

However, all depends on the success of the 1967 Apollo schedule that 
currently looks like this: a manned orbital flight of up to 14 days; an 
unmanned flight to qualify the lunar modules; one or two rendezvous mis
sions between a manned Apollo command module and an unmanned 
lunar module, all using the uprated Saturn 1 and the first two unmanned 
flight tests of the Saturn 5 moon rocket. 

If all goes well on these flights, the third Saturn 5 Hight in either late 
1967 or early 1968 will be a manned dress rehearsal for the lunar trip. 
There is a possibility-although only a slight one at this point-that 
ground controllers and the astronauts could decide while this flight was 
in progress to actually go to the moon. 

The Interior Department has been flooded with proposed designs for its 
Earth Resources Observation Satellites (EROS) even though the formal 
request for bids is not expected to go out to industry until next year 
[Electronics, Oct. 3, p. 52]. Among the various ideas submitted to the 
department's Geological Survey, which is responsible for the project, was 
a surprise proposal from Ball Brothers Research Corp. to modify the 
Orbiting Solar Observatory which it designed. As expected, the Radio 
Corp. of America offered its Tiros and Relay satellites while another pro
posal was that the Nimbus weather satellite be used. 

The Pentagon's new top-secret spy satellite, still not finally approved, 
will cost about $200 million for its development and Hight demonstration. 
Competing for program 266, also called early warning satellite and crisis 
management satellite, are the Radio Corp. of America and three teams 
headed by the Lockheed Aircraft Corp., TRW Systems Group of TRW, 
Inc., and Westinghouse Electric Corp. 

An effort to kill tariffs on tubes for radios and television sets to alleviate 
a shortage has failed in the final rush to adjourn Congress. Shoved aside 
was an industry-backed bill-approved by a House committee-suspend-

51 



Industry to get 
ratings on risks 

from Pentagon 

Army delays 

Shillelagh missile 

No change expected 

in key positions 
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ing .tariffs until June 30 1968. With the shift to solid state, producers 
have reduced tube production and the removal of tariffs would have 
increased the flow of foreign tubes into this country. The color tele
vision industry-with skyrocketing production gobbling up growing 
numbers of tubes-had hoped European and Japanese imports would 
solve the tube shortage until color tv makes the switch to solid state in 
the next couple of years. 

The Defense Department soon will approve a change in its procurement 
regulations that will mean less Pentagon administrative and audit con
trols for companies with most of their work in higher risk contracts, such 
as firm fixed-price awards, or commercial business. 

Called contractor's weighted average share in risk, CWAS, the new 
guidelines will determine the degree of risk in all of a company's business 
by assigning a risk percentage to each type of contract, ranging from 
100% for firm fixed-price to nothing for cost plus fixed fee. By averaging 
all contracts a company qualifies for the program with a rating of 65% 
or better. 

With this much high-risk business the Pentagon assumes that a com
pany is sufficiently motivated to operate efficiently and doesn't need the 
Pentagon looking over its shoulder. Two last minute additions to the 
program, however, will make it more difficult for contractors to qualify 
for less red tape. A fixed-price contract will be downgraded 20% if the 
company hasn't won the award in competitive bidding. And before a 
company can qualify, at least 35 points of its total rating must be from 
firm fixed-price awards or commercial sales. 

The Army is holding back production funds for at least six months on its 
Shillelagh antitank missile. An Army spokesman gives Vietnam as the 
reason for the delay and strongly denies reports of technical problems. 
Missile-carrying tanks are not playing a major role in Vietnam fighting 
he says, and funding priority must necessarily be directed to the most 
urgent requirements. The Army has $91 million in its fiscal 1967 budget 
for the antitank missile. 

The Shillelagh is on a Sheridan vehicle, which tracks the missile 
by infrared after firing it. The missile carries only receiver and control 
electronics. The Aeronutronic division of Philco-Ford Corp., the prime 
contractor, had just recently begun to build up production rates. Philco
Ford is a subsidiary of the Ford Motor Co. Earlier this year, the Martin
Marietta Corp.'s Orlando, Fla., division was named second source, but 
has yet to qualify its facilities for Shillelagh production. Aeronutronic 
will probably keep its production lines going at a reduced rate. 

Don't expect much change in the makeup of key Congressional com
mittees of interest to the electronics industry after Election Day. In 
committees dealing with space and defense, the chairmen appear sure 
of reelection; the only changes will be in some ranking minority members. 

The only electronics engineer now in Congress, Rep. Weston Vivian 
(D. Mich.), is being opposed by Republican Marvin Esch. Vivian, an EE 
with a doctorate from Michigan University and former vice president 
of Conductron Corp., is a slight favorite. 
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IS A PHOTO-CHOPPER BETTER? 
PART NINE of a series on th e state of the chopper art' 

Maybe. Us engineer types never get a decent clear cut 
decision . Still, 1f the Old Man said don't use them damn 
choppers maybe you'd better go photo·chopper. If you just 
ignore the neon bulbs you could say all solid state and get 
away wit h it. 

It 's like t his. You ' ll get 1500 t o 2500 ohms conductin g resis· 
tance if you leave the neon la mp on . If you switch it at 60 
cycles you get maybe 20 K. Dark resistance gets pretty good, 
about 109

. 

The response time is not so hot . The flaw is turn ·off ti me. 
The cells turn on quick and off slow. You use two, which 
helps, one in series wi t h the load , one in shunt. 

T y p e 5514 in a m odulator circui t 

Output wave form 
60 cyc le square wave drive 

O utpu t waveform Output waveform 
400 cycle square wave drive 1000 cycle square wave drive 

You really need a square wave drive for best performance. Or 
you can supply DC at about 200 volts and get the neon bulbs 
to operat e as relaxation oscillators . That's Airpax part 5514. 
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Interna l schematic of AC Dri ve Type 5510, 
60 to 400 cps. R = Limiting resistor . 

3 microvolt RM S, 50 microvolt 
peak noise across l megohm. 

PEAK EFFICIENCY VS . FREQUENCY 

I' 

E FF:= AC PK PK X 100 
DC I N 

TE MP =25 " C 

RL= I MEG 

J_ l l l J_J__LJ. 

3 ::s 

100 1,000 

FREQU ENCY IN CYCL ES 

t' The chopping rate will vary directly as the DC voltage. 

So - sorry abou t that. It' s still your headache. The life seems 
pretty good, we dunno how good yet. but it's proba bly up to 
t he neon bulb if th e photo·resistors are any good. 

We wi ll cheerfully se ll you a couple thousand. 
60 cps squa re wave drive 

showing m axi mum eff iciency. 
60 cp s sine wa ve drive 

showing reduced time effi cie ncy . 

~ AIRPAX ELECTRONICS incorporated CAMBRID GE Dl '/!SlD N, Cambridge, Maryland 
Phone: 301 228-4600 • TWX: 301-228-3558 • TELEX: o·Tt ,-
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HIGH-SPEED CORE MEMORY 
SENSE AMPLIFIER 

TYPE MC1540 
. with adjustable threshold voltage! 

Typical performance: 

• Fast recovery time - t, = 40 ns 
compatible with 0.5 microsecond cycle 
time memories 

• Saturated logic output signal 
• Narrow uncertainty region - 6 mV 
• High sensitivity - V+h = 17 mV 

(adjustable) 

-------, 
~-.--+--~--.--.-+--+--.--------.1 

i·~ I 
I 
I 
I 
I 
I 
I I 

. . . for all applications requmng core 
memory signal sensing - such as, indus
trial control systems, data processors, and 
airborne computer systems. 

CIRCLE 313 READERS SERVICE CARD 
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INTE ;RATED + 
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RF-IF 
CASCOOE AMPLIFIER 

TYPE MC1550 
... with excellent AGC performance! 

Typical performance: 

• Very low internal feedback (y12 < .001 
mmhos) -for easy alignment and high 
stability 

• High power gain - 25 dB @ 60 MHz 
• Constant input impedance over entire 

AGC range 
• Low noise figure - 5 dB @ 60 MHz 

,------
I 
I R, 

R, 

L _____ _ 
CASE _/ 
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-----! 
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... ideal for your newest communication 
equipment designs. 

CIRCLE 314 READERS SERVICE CARD 
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HIGH-GAIN 
OPERATIONAL AMPLIFIER 

TYPE MC1533 
... with extremely low drift (±3 P.V/°C) 
Typical performance: 

• Open loop gain - 60,000 
• High-input impedance - Z;n 

= 1 megohm 

• 

• Adjustable input offset (set V off = 0 
volts for minimum possible error signal) 

• Large-output voltage swing - 13 volts 
( -+- V = 15 volts) with 2 K load 

OUTPUT 
_,.--o---jr-~-<> I 

V 4 3 OOIPUILAG 

. . . for application in all types of low
level sensing equipment and analog 
computation systems. 

Units for immediate evaluation are in 
stock at your nearest Motorola franchised 
semiconductor distributor. For complete 
technical details and/ or application assis
tance in designing with these new inte
grated circuit amplifiers , contact your 
nearest Motorola field representative. Or 
write: Motorola Semiconductor Products 
Inc., Technical Information Center, Box . 
955, Phoenix, Arizona 85001. 

CIRCLE 315 READERS SERVICE CARD 

MOTOROLA Semiconductors 

-wW tk p~ int;~~ ea;ze/ 
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Esterline Angus doesn 't keep handing you the same old line! "". 
We keep developing new graphic recorders 
and new features to incorporate in estab 
lished recorders .. . to satisfy your needs. 

We've developed a trouble-free servo 
motor with only one moving part. No pul
leys, drive cords or gears. It delivers 2/1 0 
second response over a 1 O" span and 1 / 8 
second response over a 4%" span. 

Our new M ultipoint has an exclusive 
Programmed Printing option . It lets you 
select po ints electrica lly with switches. 

Yo u can now order our Permanent-Mag-

net Moving-Coil recorders with magnetic 
ampl ifiers (to increase sensitivity) or with 
power transducers (to measure watts, volts, 
amperes, vars ... ). 

We've designed a Rapid Response (1/10 
second) Voltmeter. It records 10 0 mil li
second voltage transients with full accu
racy .. . especia lly va luable in monitoring 
power supplied to data processing units. 

In add ition to our best sell ing Ink Type 
Event Recorders are new lnkless and High 
Impedance Event Recorders. The high im-

E XCE L L E NCE IN INSTRUME N TATION F OR OVER 60 YEARS 

Ci rc le 56 on reader service card 

pedance instrument can be bridged into ; 
low power (i .e., telephone) circuits without 
upsetting their operation . 

Want to record more than one channel 
of information on the same chart ? We now • 
have six types of tw o-channel recorders, 
plus an Analog - Event Recorder which pro- . ... 
vides one channel of analog information 
and eight channe ls of event information. • 

Osci ll o Graphs ? Choose from nine units 
includi ng portab les and cabinet models. All ... 
with frequency response above 12 5 cps. 

W ri te fo r our full line broch ure . You'll 
discover we make more kinds of graphic 
recorders than j ust about anybody else. .. 

Esterline Angus Instrument Co ., Inc. 
Box 24000E •Indianapolis, Ind. 46224 
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October 31, 1966 I Highlights of this issue 

Te·chnical Articles 

Tiny fil ters block 
radio-frequency 

interference: 
page 58 

Correlation enters new 
fields with real -time 

signal analysis: 
page 75 

Wiring design helps 
core memory work at 

rapid cycle t ime: 
page 83 

The other side of the 
recruiting coin: 

page 100 

Coming 

November 14 
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The small size, great power and increased complexity of 
modern electronic systems have greatly in creased the possi
bility of radio-frequency interference. Filter developers are 
counteracting this problem with new types of low-pass filters 
that are smaller in size but more effective b arriers to rfi. 

Electronics Correlation analysis is a powerful technique 
for an alyzin g s ignals but it takes a lot of 
time. Now new in struments and methods 
are allowin g correla tion to be performed 
on a real-time basis. It's u sabl e in many 
applica tions where th e b ig problem is dig
gin g a signal out of noise- applications 
such as medicine, geophysical search and 
underwa ter detection. F or the cover, pho

tographer Vincent Pollizzo tto highlighted the new signal 
correlator built by Pr inceton Applied Research, In c. as it 
processed electroencephalograms from a patient. On the 'scope 
is a trace generated by the ins trument showing the onset 
of the bra in's alpha rhyth m. 

In their schemes to speed up core memories, engineers have 
made the cores smaller and smaller. Now, taking a different 
approach, a team of computer designers have speeded up a 
ferrite-core memory to a 500-nanosecond cycle with an unusual 
layout. A new form of 2%D organization cuts 100 nanoseconds 
or more from the memory time of conventional designs. 

It's as tough to match a job to a man as it is a man to a 
job, says the engineering head of one research and develop
ment division. H e tells how his company hires engineers and 
what it costs when the wrong man is chosen. 

• How Japan's Sony Corp. does product planning 

• A look at Sony's most interesting circuits 

• Electronic pulsers for gallium arsenide diodes 

• Integrated circuits in action: part 2 

• Graph theory for circuit analysis 
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Tiny filters block the path 
of radio-frequency interference 

New materials and design techniques have created improved 

devices to combat the problem of interfering signals 

By Peter A. Denes and John J. Crittenden 
Denesco, Inc., Albuquerque, N.M. 

The small size, greater power and in creased com
plexity and sensitivity of modern elec tronic sys tems 
have greatly in creased the poss ibility of radio-fre
quency interference. However, reliability require
ments have become more stringent too, demandin g 
eli mination oF even th e remotes t chance of un
\\·an tcd s ignal s. 

To combat rfi , smaller and more effective low
pass filters have been developed. Th ey all ow cl -c 
and low-frequ ency power s ignal s to pass but 
sharply attenuate signals at radio fr equencies from 
about 100 kiloh ertz to 10 g igahertz. vVork on Biters 
was spurred by the limitations of simple commer
cial bypass capacitors. 

Th e low-pass filters are built with lossy indu ctive 
elements-iron powder or magnetic-alloy du st cores 
-fitted into capacitors made of ceramics with high 
dielectric constants. Because they are lossy th ey 
have better attenuation characteristi cs at high fre-
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qu encies wh ere the ex ternal circuit may resonate 
with the filter's elements. As th e diagram on page 
64 indicates, the indu ctors u sually consist of a 
sin gle conductor-which can be a connector pin
pass ing throu gh a tube of magneti c material. The 
capacitors are form ed around th e indu ctor by b ond
ing thin metal pla tes on the in sid e and ou tside sur
fa ces of a ceramic cylinder. 

Because the ceramics have high dielectric con
stants, the capacitors are very small and so arc the 
Biters. A typical £Iter, in the photograph at the 
left , is only abou t it in ch in diameter and 0.47-
inch long. Neverth eless it can attenuate rfi s ignals 
by a t least 65 db at 200 megahertz and 80 clh from 
1,000 to 10,000 ;\Jhz. A filter can be mount<' cl on a 
shielded compartment and used to condu ct fil ament 
currents to high amperage circuits in the co mpart
ment. At th e same time it prevents r£ signal s from 
ge tting in or out of the compartment. 

Indu ctors with ferromagn etic dust cores can 
maintain attenuation levels with even 10 to 30 amps 
flowing through the Riter. F errite cores u sed in 
previous Biters saturate with only a few amperes 
of current. 

Smaller Biters in corporating most of th ese char
acteri stics are now available as pins that flt into 
connectors. Called pin Biters , their diameters ran ge 
from 0.040 inch to 0.150 inch. They arc small 
enough to flt into a standard multipin conn ector 
without changing pin spacing or the conn ector' s 
size. The connector is an excellent place for th e 
Biters becanse then all nonshielded inputs to a 
compartment are £ltered. 

Smaller Biters-with outside diameters of 0.030 
inch-can also be used as leads for integrated cir
cuits. The d-c current rating in the small er size is 
only 1 amp bnt this far exceeds the needs of inte
grated circuits. 
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Where good attenuation is needed at frequencies 
as low as 0.1 Mhz, the filters cannot be made as 
small as th e ones in the photograph at the left. 
In keeping with the larger inductors and capac
itors requ ired , the filters must be larger. However, 
even these have typical dimensions of only about 
0.32 inch by 1 inch. A typ ical filter would atten
ua te rfi signals by 40 db at 0.1 ~'lh z and over a 100 
db from 10 to 10,000 Mhz. 

General characteristics 

To selec t the correc t filter fo r a given task, an 
understand in g of the performance characteris tics 
of the low-pass filters is necessary. 

Often designers first consider the attenuation 
versus frequency characteristics of a filter. The in
forma tion is usually presented graphically, as on 
page 65. However, the attenuation characteristics 
given b y such graph s are not necessarily the char
acteris ti cs the filter \.VOuld have in a circuit because 
the valu es plotted depend closely on the methods 
of measurement. Such thin gs as isolating pads , 
matching res istors, load res istors, input r-f voltages 
level and temperature considerably influence the 
filter's a ttenuation; consequently the conditions 
used in measuring attenu ation are usually given 
with the data. 

A d-c and low-frequ ency a-c voltage rating is 
specified to note the maximum allowable voltage 
between the filter's input or output lead (feed
through terminal) and th e ground termin al. The 
term low-frequ ency a-c refers usually to 25- to 400-
hertz power supplies. The voltage breakdown rat
ing of the capaci tors in the low-pass filter sets the 
filter's voltage rating. 

A d-c or low-frequency a-c current rating is the 
maximum current which can pass continuously 
through the filter. It depends on two factors prin
cipally. Because a current generates hea t, it mus t 
be limited to prevent a temperature that would 
damage th e filter. Tempera tures above 125°C can 
crack th e core materials or carbonize the insulating 
materials of du st cores . 

The level at which the core material saturates 
represents th e second current-rating factor . Satura
tion redu ces the magnetic core's permeability, caus
ing a drop in inductance and reducing the filter's 
attenu ation . To guarantee a min imum attenuation 
in current-sensitive filters , the through-going cur
rent mu s t be limited . 

Another ratin g specifies either the maximum r-f 
curren t or voltage the filter can handle. Althou gh in 
most applications the rfi amplitude will be small , 
unu sual circums tances can produce high-level .inter
fe ring signals; a low-pass filter's ability to cope 
with these strong signals must be known. Because 
capaci tive input type of filters [page 60] have low 
input impedances, an r-f current rating is specified 
fo r them. In contrast, an r-f voltage rating is gen-

. erally specified for the high-input impedance, in
duc tive input type filters [page 60] . Sometimes the 
attenuations of h igh-level r-f s ignals differs from 
the attenua tion of low-level r-f signals so that at-
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tcnuation at several r-f values are specified. 
A so-call ed "bias dependence" records how the 

rfi attenuat ion varies with d-c or low-frequency a-c 
currents. As noted, d-c or low-frequency a-c cur
rents can satura te th e core. \ i\Th en a low-frequency 
a-c current is flowing th rough a bias-sensitive, low
pass filter, as a filter with a ferrite core, the current 
will vary the attenu ation at a rate equal to the cur
rent's frequency. Consequently, the rfi level w ill 
vary at the output even if the input is constant. 
A bias current's effect depends on the frequency of 
the rfi. Generally, the a ttenuation variation is less 
at high frequencies, for example above 500 Ml1Z, 
b ecause the ferrite core's permeability has already 
dropped to a low value and is less dependent on 
the amplitude of the d-c magnetizing fi eld. 

The · terminal-to-terminal res istance-the res ist
ance encountered by the through-going d-c or low
frequ ency a-c current-is specified, but most often 
is important only because it relates to the allowable 
temperature rise caused b y current dissipation . 
In small filters the through-going res istance de
pends on the wire size, core size and number of 
turn s in the indu ctor used in the filter. For the min
iature pi-type filters described on page 64 the re
sistance is much less than 0.01 ohm. When large 
indu ctance values are required , as for low-frequency 
filters-0.1 Mhz-the through-going res istance will 
b e 0.1 to 10 ohms. 

Rfi problems and solutions 

Radio-frequency interference occurs when an un
des ired signal appears in a circuit compartment. 
For example an aircraft range station signal at 250 
khz might get into a superh eterodyne receiver that 
has a 250-khz intermediate-fr equency amplifier. 
Aside from noise, the rfi signal could sa tura te the 
amplifi er, makin g it virtually useless . 

Obviously, the fir st step to redu ce or eliminate 
rfi is to shield all sensitive circuits. However, shield
ing is not sufficient because almost all circuits have 
incoming conductors that supply needed operating 
voltages and signal s. In addition other conductors 
may be conducting generated signal s away from the 
shielded circuits. Unless these are also shielded 

TO OTHER 
COMPARTMENTS 

TO POWER SUPPLY 

SHIELDED COMPARTMENT 

SIGNAL VOLTAGE 

2 Mhz 
OSCILLATOR 

LOW-PASS HEATER CURRENT 
------1 FILTERS 

The 2-megahertz radio-frequen cy interference signal 
must be removed from the B+ and heater lines. Low-pass 
filters are inserted in the power lines to attenuate 
the signal and its harmonics. Harmonics in the signal 
line are removed with either bandpass filter or a 
suitable low-pass filter as shown. 
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throughout their length , they will act as receiving 
antennas for the rfi signal s. The rfi will be con
du cted into sensitive circuits, crea ting interference. 

Filters can combat two general types of rfi
" incoming" and "outgoin g" rfi . Incom ing rfi refers 
to radiated or conducted radio-frequ ency signals 
that find their way into a restricted area or circu it. 
If the rfi signal has a large enough amplitude, it 
can cause either interference or malfunction or both 
in the circu it. 

The appearan ce of radar pulses in a sensitive 
telemetry receiver is an example of in coming raclio
frequency interferences . Although the sensitive ci r
cuit may be completely shielded, the wires which 
provide cl -c voltages to the unit can pick up the 
radar pulse. Outgoin g radio-frequ ency interference 
occurs when undes ired signals radiate from certain 
areas or compartments ; the cables which carry 
power voltages can radiate the signal. 

Modern electronic sys tems contain numerous 
compartments with many circuits, so it is difficult 
to anticipate all rfi problems. The trend is to limi t 
the level of rfi s ignal s condu cted by outgoing wires 
and to specify maximum levels of radiated fre
quencies . To prevent malfunctions, a circuit and its 
supply cables arc required to operate properly even 
when high-level external rfi appears over a wide 
frequ ency range. 

In the typical outgoing rfi problem cliagramcd 
on page 59, the object is to keep the 2-Mhz signal 
and its harmonics from appearing on the conductors 
leading to the compartment. Low-pass filtcrs that 
have high attenuation a t 2 Mhz are inserted in the 
leads, greatly attenu ating the rfi . Low-pass 6lters 
usually arc bolted into a hole in the compartment 
wall to insure a good ground for th e filter body and 
to redu ce the level of the interfering s ignal; much 
of the filter action is obtained by shunting the rfi 
signal to ground. 

Source impedance 

The rfi 's source impedan ce affects a filter's at
tenuation. Often, instead of determining the source 
impedance, a 61ter is selected which will give the 
needed attenuation under the worst imaginable set 
of conditions. \Vith outgoing rfi source impedance 
is not a severe problem because the interference 
frequencies are known as well as the exact circuit 
genera ting these frequencies. H ere, source imped
ances can be determined with suitable instrumcnts. 

\Vith incoming rfi , it is considerably harder to 
evalu ate the source impedance of interfering signal s 
because the cables which pick up the signal repre
scnt a complica ted antenna. 

The source impedance of the rfi and consequently 
the attenuation produced by a low-pass filter, and 
in particular by a capacitor input type of filter as 
at right, depends on factors such as the frequency 
of the rfi signal, the cable type and length , the dis
tan ce of the cable from ground, the type of termina
tion at the encl of the cable and the shape of the 
cable layout. 

As an example, the impedances of long un-
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Inductive input filters 

Rs 
~o~~~~~-'V'tfl.~.~~~~~~-1--~~~~~~--oo 
IN OUT 
Eo C El 

CAPACI TOR BYPASS I 
Simplest filter is the bypass capacitor to ground . Rs 
represents source impedance. Attenuation versus 
frequency is limited to 6 decibels per octave and is 
affected by internal resonances in capacitor, 
limiti ng usefu l bandwidth. 

IN I ~ 
I SIMPLE L SECTION 

-= 
'1'TI"" 

I IL Pl SECTION I 

0 

I IN 

I 
-= -= -= 

IN 

I I I 
CASCADED 

I L SECTION 

- - -= - ---
Capacitor input filters inc lude the simple L section 
at the top, the pi section, center, and the cascaded 
L section . Si m ple L sections are sensitive to output 
impedance. Adding output capacitor as in pi section 
reduces t his dependence. Cascaded section simplifies 
problems of internal resonances since components 
ca n be chosen to resonat e at d ifferent frequencies. 

0 

OUT 

OUT 

~o~~~-----~'--~~~---.1~~~~~
~ o~ 

INDUCTIVE INPUT 

I 
-o~rm''----I~~~~o IN OUT 

T SECTION I 
Inductive input filters have the advantage that good 
attenuation is obtained even with zero source impedance. 
Basic filter is at t op. Attenuat ion of T-sect ion filter, 
bottom, is dependent on the load impedance. 

shielded lines may vary widely. If the lincs arc 
integral mu ltiplcs of a quarter wavelength at the 
interferin g signal's frequen cy, the lines appear as 
antennas that have irnpcclanccs of 50 to 70 ohms. 
However, if the lines arc even multi ples of a half 
wavelength the impedances can exceed 1,000 ohms. 

A fllt cr \\'ould exhibit a lower attenuation to the 
70-ohm source impedance than it wou ld to the 
1,000-ohm source impedan ce. 

In these simple examples it has been assumed 
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that a continuous-wave s ignal is causing the inter
ference and a straight, un shielded wire is pickin g 
up the interference. In practi ce, the interference is 
often a pulse with a broad frequ ency spectrum ; the 
cable far from being a simple antenna may b e 
bundled with different wire len gths and perhaps 
partially shielded. 

Load impedan ce also a ffects a filter's a ttenu ation 
characteristics. However, it is not a serious problem 
b ecause load impedance can be measured or cal 
cula ted . Filters with an indu ctor on the output re
quire low values of load impedance to produ ce th e 
highest possible valu e of attenu ation. In a low-pass 
filter with a capacitor at its outpu t the capacitive 
reactance is usually so low th at the value of load 
impedance is not a concern . 

Simple bypass 

In early applications s imple bypass capac itors, as 
in the top diagram a t th e left, were used to reduce 
in terference on conductors enterin g a circu it. In the 
diagram R, represents th e rfi 's source irn pcdance. 

The general equation for at tenua tion is given as 

where E 0 is the output rfi s ignal, E 1 is th e at ten
ua ted rfi s ignal and A is the attenuat ion in decibels. 
Since E 1 is related to E 0 b y 

E1 - Eo 
- 27rf CR. 

then th e bypass capaci tor's attenu ation is 

A = 20 log 27rf en. 
The equation indica tes th a t fo r large a ttenuations 
both th e source impedance and the bypass capac
itor shou ld be large. 

The simple bypass capac itor cannot handle many 
modern rfi problems. Large capacitors are required 
and these tend to have intern al resonances which 
reduce th e attenuation. In addition the attenu ation 
varies with frequency at only 6 decibels per octave 
- a value too small to protect again st most radio
frequ ency interference. 

Th e limitations of a s imple bypass capacitor 
spurred the research and development of miniature 
low-pass filters . As a rule, a low-pass filter combines 
inductors and capacitors to increase the attenu ation 
of rfi signals. In the inductive input filter diagramed 
at the left , rfi signals arc attenuated both b y the 
bypass capacitor and the induc tor's high series im
pedan ce. H owever, because of the varie ty of rfi 
possibilities, a number of miniature low-pass filters 
have been developed. 

Capacitive input 

The simplest capacitive input filter is the simple 
L -section filter shown in the center diagram at the 
left. Attenuation of undesired r-f signals depends 
on both the source impedance of the r-f signal and 
the impedance of the fo llowing circuit. Attenuation 
in creases as the rfi ' s source res istance increases. 
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F ortuna tely, most rfi signal s have quite high source 
impedances and so these s imple filters are u seful 
in many applications. 

Attenuation cannot be calcula ted w ithout the 
valu es of source and output impedance. H owever, 
if the a ttenua tion of the capacitive input type filter 
is known a t a particular frequ ency and source irn
pccl ancc then a transfer impedan ce can b e calcu
lated from 

A = 20 Joo- source i ~1 pedancc 
" transfe r impedance 

Th e transfer impedance is defin ed as the ratio of 
the filter's input voltage to the filter's ou tpu t current 
at a given source and load impedance. It is assumed 
th at the outpu t impedance remain s constant . Once 
the transfer impedance is kn own , the filter's a tten
ua tion can be calcula ted for other source imped
ances by th e same equ ation. 

If the a ttenua tion is known for a 50-ohm source 
impedance, the change in source impedance will 
p roduce a change in a ttenu ation, t.A, given by 

A 20 I 
new source impedance 

t:i = og -----c 
50 

The attenu ation of the pi -section low-pass fil ter 
[center diagram, at the left] with a relatively 
large capacitor on the output depends less on the 
outpu t load impedan ce because the output capac
itor's rcac tance is relatively low compared wi th the 
load i 111 pedance. 

Series resonan ces be tween the indu ctive and ca
pacitive elements can redu ce the attenuation since 
high voltages would appear across the capac itors 
and indu ctors. However, th e L and C values can 
be selec ted so tha t the resonant fr equ encies are in 
noncriti cal frequ ency regions. 

The cascaded L-section filter in the center dia
gram a t the left reduces the problem of reso
nances be tween filter clements. Different inductance 
and ca pacitan ce valu es are selected for each L sec
tion to prevent th e sections from resonating to
ge ther. One section will undergo some attenuation 
loss at its resonant frequ ency but th e other sections 
will prevent a dras ti c decrease in the over-all atten
uation. 

Inductive input filters 

\\' here low or unkn own source impedan ces are 
faced, designers look to an inductive-input typ e of 
filter, as in the bottom diagram at the left. Both 
the byp ass action of the capacitor and the high 
series im pt'dance of the inductor atteuuate rfi 
s ignals. 

Attenua tion depends less on th o:; source imped
:rn cc of the interfering s igw1l becat. se the input 
indu ctor has rela tively high se ries ~c1pedan ce . In 
fact, good a ttenu ations ca n be obtained "vi th even 
zero source impedan ces. H owe ve1, as wi h the ca
pacitive in put filters the hi gher the rfi 's source im
pedance the greater the filter's a ttenua tion . It is 
ass umed in both ins tances that nei ther the imped-
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ancc of thC' source nor tlw input i1npcdancc of the 
fi lter is reduced by partial resonance effects-true 
if inductor Q is b elow 0.05. Again, as with capac
itive input filters , relatively large Elter capacitors 
make the attenuation depend less on load im ped
ance. 

Another common inductive innut type of low-pass 
Elter is tlw singlP T-scetion filter, at the bottom 
of the diagram on page 61. Input charac teri stics 
nrc similar to those of the simple L sC'ction. The 
attenuation however is qu ite indepC'nd C'nt of thC' 
load impedance. Th e higher the load impedan ce' 
the less the attenu ation. 

Internal resonances 
In any filter u s ing h igh Q, low-loss clements 

su ch as a ir core indu ctors and :-.J ylar capacitors, 
the filter clements themsC'lvcs a rc pron e to sclf
rcsonanccs . High Q is a re lative term but as in 
dica ted in th e discu ss ion b elow even a Q = l is 
considered too high fo r a good rn Biter. SC'lf-reso
nancc in filters can occu r over a wide range of 
frequ en cies, dependin g on tli c t~ · pc of capacitor 
and on the number of turn s on th e indu ctor. For 
example, a relat ively large paper capac itor , \\·ith 
many layers of foil , m ay resonate wi th i ts internal 

Low Q's counteract resonances 

series incl11C'lancC's at freq11cncics well b elow 1 
~fh z . Similar!~', a high Q inductor with many turns 
has shunt capacitance that produces troublesome 
rC'sonancC's. 

EvC'n the spec ial capaci t ive input B.ltC'r. described 
on page 6-t. ,,,hihits self-resonances at f1'C'qu en ciC's 
at which the cl ielcctric tu he in the fi l ter body be
haves as a microwa\'c cavity. For such filters self
rc~onanccs occ11r at nrnlt ipks of about 500 ;\ !hz. 

Timn'vcr. in modern low-pass filter s, lossy circuit 
C'icnwnts are usC'cl because' the low Q components 
redu ce thC' attenuation \·a riat ions at self-resonant 
frcquC' ncics, ancl at fr equencies at whi ch the ele
ments reson ate \\·ith one ano th er and w ith th e 
C'xtc rnal c ircuit. 

At th ese frequencies, induc ti ve coils should have 
Q 's less than 0.0.5. Ca pacitive Q 's arc ge1wrall v 
higher than 20 beca use the capacitors would not 
fun ction proper!~ · \\'ith lO\\T r valu es . 

High-loss versus low-loss 

Onl>' loss», lo\\' Q filte rs can guarantee a min 
imum attenuation OH' r a broad fr equ ency rangl". 
Although the amount of th e losses have little effec t 
on the passb and ch arac tC'ristics , the high er th e 
loss the be tter the filter's performan ce in the at-

v , and z~; the impedance of the 
load is ZT. Z X e (X + . n ) uz = R e ,, e J e 

Leas t attenuation occurs " ·hen 
the source an d load are purelv re
acti1·e and the im agin ary parts of 
z~ an d z,, and z(' and ZT cancel 
each other. These conditions are 
represented by 

The filter's attenuation is given by 

Z L = lh + j XL 
Z i:; = j:X: r, 

A 
v, 

20 log 
1 12

-

20 log z, + Zz 
Z2 

(1) 

Subs tituting the values of z, and 
z~ into equation 1, the attenuation 

• 
,... ... 

Though most authors sa ~' an in 
ductor's Q should be less than 
unity, Denesco enginee rs believe a 
better criterion is a Q of less than 
0.05. This wi ll in sure that rcso
n:1nccs \1·ith ex ternal elements wi ll 
not seriously affect the filter's at
tenuation characteristics. Reso
nance wi th ex te rn al elements is 
considered the wo rst case. The 
need to make Q less than 0.05 c;1n 
be demonstrated by considerin g a 
s imple inductor-capaci tor section , 
wh ich is the bas ic building block 
fo r all filters. 

Zc = He - j X e 
ZT = + .i X r 

wh ere H 1. = inductor 's rcsi . ta nee 
:X: 1. = indu ctor's rcac1.ancc 
Hc= capacitor's resistance 
Xc= ca pacitor's rcact:111ce 

in the wo rst case is given by #' , 

The filter wou ld have an inductor 
input and capacitor output of im
pedances Z1. and z,. as indica ted 
in the center of the diagram shown 
below. The sou rce's open circuit 
voltage and interna l impedance are 

Simple l-section filter consisti ng 
of impedance z, and impedance 
z,. is analyzed . 
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\ Vhen these conditions occur, the 
filter's input impedance Z1 is 

Z, = Hr. 
The equation indicates that the 
input impedance will be deter
mined onl y by the inductor's series 
resistance which depends on its 
tota l losses. This can be expected 
to reduce the attenu ation because 
of equation 1 below. The output 
impedance, z~, can be calculated 
from 

1 

Soh-ing for z~ 

A l :::~(Qc + j) +1 J 12) .. ~ 

Equation 2 indicates that \1·hen 1 
a capacitor and inductor ha1·e no 
losses-impedances are pure !~ · re- 1-

act ive and thus Q's are infinite- ;.. .,_ 
the attenuation in the worst case 
will be zero . 

To simplify equation 2, it mu st 
be kt> pt in mind that a good ce- .,. 
ramie capac itor must have a Q 
greater than 20 or else the e;1p:1ci-
tor wo u Id quickl y deteriorate. 
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tenuation band. In addition to being less sensitive 
to resonances the lossy fil ter will dissipate a greater 
part of the inci dent rf i; less rfi is therefore reflec ted 
b ack to preceding ci rcui ts. 

Lossy low-pass filters h avP some disadvantage's. 
At selected frequencies a high Q, lossless fil ter 
produces a greater attenuation th an can low Q 
fi lters, if the elements are resonated properly. Be
cause the lossy filter dissipates more of the rfi 
energy, the filter cannot b e rated for as high a 
radio-frequency vol tage and current level as a 
lossless filter. 

In a low Q fil ter, both the filter and capacitor 
elements are lossy, but the inductor's core losses 
predominate. Nevertheless the high dielectr ic con
stant material in the capacitors offers an advantage. 
Since the capacitors are sma ll , so is the filter; and 
this helps to main tain the filter's advan tages b e
cause the smaller size results in shor ter internal 
interconnections. S ince these interconn ections are 
high Q inductive components, redu cing their length 
helps to maintain low Q and insure good at tenua
tion over a wider range of frequencies. 

The capacitors in the fil ter, made with high 
dielec tric mater ials such as barium titana te ceram
ics, have Q's of about 20 to 50. For comparison, 

Q's of dust cores 
Frequency, h, 

for 
Material Q Q ~ 0.05 µ at h 

1Q9 
60 Iron powder Q = - 300 Mhz 

µf 

108 

8 0 75 2 0- 80 pe rmalloy Q = -
µf 

2. 5xl07 

l soperm powder Q = 50 55 
µf 

Mylar capaci tors have Q's around 200 to 300 and 
air dielectri c capac itors have Q's in excess of 10,000. 

Dcnesco can make a powder core wi th a Q less 
than 0.05 at frequencies at which ex ternal rcac
tances resonate wi th the filter. This insures the 
lossy fil ter's attenuation exceeds tha t of a sim ilarl y 
resonant b ut loss less filter [see "Low Q's cou nter
act resonances," below]. 

Different magnetic materials wi ll provide Q 's less 
than 0.05 at differen t frequencies . A one- turn in
d ucto r using an iron powder core with a permc-

Hence to a good approxima tion 

JQc + j I= Qc 
If in addition, XL/XcQLQc is much 
greate r than 1, then 

a filter with on lv reactive com
ponents. F erromagnetic dust co res 
are much lossier th an ferrites 
which is whv dust cores are 
chosen fo r rfi filte rs . 

Therefo re 

(3) 

X L 1 
A = 20 log X -Q Q~ 

-" C L C 

,., Defining Ai as the filte r's a ttenua-

Core Q's. The Q fa ctor of the 
magnetic co re is g iven b v equation 
C below. Ca lled the modified Legg 
equation ,1 it is va lid onlv for a sin
gle-turn toroid cons isting of a 
straight wi re through the core. 

A dust core's Q may be rel iably 
de termin ed as a fun ction of fre
q uency because the permeabil ity 
is relatively independent of t he 
magnetiz in g fi eld although it varies 
with freq uency. Using values of 
n published by n ozorth ,2 the 
fun ctions in th e table shown above 
define th e Q of various fe rrom ag
ne tic dus t cores . The second co l-
11 mn is the frequency th reshold , 
f.r , a t which Q < 0 .05. 

t ion caused only by the reactive 
- ,. 1 part of the im peclances 

A 20 1 
Xr, 

j = og xr--
.L c 

T hen the filte r' s at tenuation can 
be written 

1 
A = A + 20 loo· - -

J 
0 QL Qc 

If it is des ired to have an a ttenu
a tion equal to Ai und er any circum
stances , it is not suffi cien t to keep 
QL less th an 1 but rather 

QL Qc ~ 1 
S ince Qc is generally greate r than 

._.,. 20 , the inequality abo,·e can only 
be sat isfied if 

... 

. "" 

The conclus ion is that when in
te rnal resonan ces occur, if Q" is 
less th an 0 .05, a very lossy fi lte r 
wi ll have higher attenuations than 
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2rr 
Q = µ(a + bf + cP) 

where µ = the n1agnet ic co re's prr
mea bi l it y 

a =corffic ient whosr value 
depend :;; on the co rr 's 
hyste rrs is a nd residua l 
lossrR 

b = coeff icir nt of eddy cm
rcn t lo:;;Res thn.t a rc pro
port ional to frNp1cncy 

c =cor ffi ci cnt of ro re losses 
which :ire p roporti ona l 
to t he sq uare of the 
frequency 

f = frequen cy 

Coe ffi cients a and c are not con
stant but depend somewhat on 
the magnetiz in g fi e ld and th e fre
quency. I !owcver, th e te rms a an d 
cF may be neg1ected between O. l 
and J 0 Chz-th e frequency region 
of inte res t in practica l rfi filte rs . 

I n contrast to dust cores , a fer
rite co re's permeabi lity depends 
g rea tly on th e , ·alue of d-c bias 
and magnetizing fi e ld as well as 
frequency. Therefo re, it is impos
sible to express th e ir Q ns in g th e 
Legg equation . ~ l a nufacture rs' 
curves showing Q versus fre
quency indicates th at a fe rrite's Q 
is rare ly less th an 0 .2 e\·en at ,·erv 
high frequencies. Because the fer
rite's perm eability drops rapidl y 
when a cl-c cu rrent is fl owing 
th rough the co il , filte rs conta inin g 
fe rrite cores wi ll have higher values 
of Q during this condition ; this 
res ults in a loss of a ttenuation and 
ringing because resonances a re not 
clamped effectively . 
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Miniature lossy filter is a pi-section ca pacit ive input t ype shown in cross section. Metal on t he inside and 
out side of ceramic tu be form the ca paci tors . Dividing th e capacitor 's inside electrode into two sections forms 
a dual capacitor. To insure low-loss con nection t o grou nd , capaci tor is solde red to grounding bolt wi t h 
high ly con du ctive so lder. Termina l passing through magnetic core (color) is a single-turn coi l. 

ability of 60 will have a Q less than 0.05 at fre
quencies greater than 300 "- lhz; 20-80 n ickcl-iron 
powder cores with a perm eability of 7.5 , but with 
greater core losses , w ill have th e des ired Q at 
frequencies above 80 :\1hz. As a result, th e 20-80 
nickel iron cores are more des irable th an iron 
powder cores for high attenuation below 300 Mh z. 

:\1agnctic core inductors have higher indu ctances 
than air cores and also their core losses increase 
with frequ ency and result in the lower Q's. At high 
frequencies, core losses are so great that th e induc
tor behaves almost like a resistor. Thi s works ou t 
well because the res istance attenu ates the rB ; at the 
same time, no reactive clement can cause reso
nances. 

Commercial filters 

Small size, lossy Biters constructed as shown in 
the diagram above were introduced a few years 
ago. The Biter is a pi-section type consisting of 
two capacitors and one coil. The center conductor 
passing through the magnetic core behaves as a 
single- turn coil. The metal plates on the high 
dielectric ceramic tube form the capacitors. The 
inner plate is split to form the hrn capacitors 
needed for a pi-section type. 

The flltcr's construction has des irable features. 
Since th e coi ls have only one turn , parallel capaci
tance is minimized, allowin g th e Biter to operate at 
higher frequencies. In addition, the impedance lw
twecn the capacitor's outer ck ctrode and the filter' ~ 
grounding eyelet can be made ex tremely small. This 
is done by connecting the elec trode to the ou tcr 
shell by a thin layer of high condu ctivity solder. 

These fllters can be constru cted as is the one 
shown in the diagram or with the magnetic core 
material surrounding the capacitor. Both are illus
trated in the s implifi ed cross sections in the dia
gram at the right. lt has been found that filters 
with the core in side the ceram ic tube always have 
higher attenuation. For the simple case illu strated, 
in which both Biters arc the same size, the differ-
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ence in attenuation is given by 

. (2 D1- T)2 
[ <D1+T+ Da) J 

A1 - A2 = 20 log (2 n ;-+ T )2 (D1-=T+DJ 

the terms arc denn ed by 
D1 = Biter's outside diameter 
D::-= diameter of th e center conductor 
T = thickness of the ceramic dielec tric 
A1 = attenuation of Bltcr th at has core inside the 

ceramic tu be 
A~ = attenuation when core is outside ceramic 

It is assum ed that both Biters have iden ticai volt
age ratings, so that T is the same for both configu
rations . A mathematical evaluation shows that A1 

is always greater than A~. 
In the attenuation curves for a typical ferr ite core 

Biter shown as the black curves in the graph at th e 
right, the ceram ic material and ferr ite core are 
not very lossy. Therefore th e internal resonan ce 

1-,,----~~~~~~~~~---
r
D3 

Simplified drawings of filter show two con figurations 
of co re material and capaci t o r. Analysis shows that 
a fil t er with co re material (color) ins ide the ce ramic 
dielect ric always produces the greatest atten uation . 
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causes large bumps in the attenu ation curve. Never
theless the filter does provide good attenuat ion 
above 100 Mhz. 

Aside from sensitivity to resonance because of 
their medium losses, another disarlvan tage of fe r
rite materials is that the cores saturate at relatively 
low amplitude d-c currents. Saturation results in 
lower valu es of permeability. For examnle, with 
zero d-c current, fr rr ites have a permeability rang
in g from 500 to 4,000. 

However, the flu x density B111 n, at which a ferrite 
saturates is on ly 2.500 to 4,000 gau ss. B"'"' is 
reached with only a few amps flowing in th e center 
terminal , causing th e ferrite's permeabi li ty to drop 
as low as a .50th of its valne at zero d-c. In turn , 
this causes the ferr ite's inductan ce to decrease, re
du cing the attenuation. Th e higher the fr rqu ency, 
th e less the current effect. As an example, th e black 
curves in th e graph at the right show that at 100 
l\1h z the attenuation may drop from 65 db to 45 db 
when a 10-amp d-c current is passing through the 
center term inal. while at 2 Ghz, the attenuation 
drops by only 2.5 db. 

Dust cores 

To combat th ese problems, most modern filters , 
such as the on e shown . use iron du st cores instead 
of ferr ite cores . A du st core consists of metal mag
netic particles with an oxide or phos phate coating. 
Th e particles are suspended in a binder such as 
epoxy. By varying th e spacing b etween the par
ticles it is poss ible to control the materials' proper
ties. As an example, wider spacing brings high er 
resis tivity, smal ler eddy currents and consequently 
h igher Q. H owever, b ecause the particles are farth er 
apart, the permeability is lower. In fact, perme
ability multiplied by Q can be considered a con
stant for a given material. 

Iron dust cores have values of Bmnx that are as 
much as Bve times th at of a ferrite, allowing the 
du st cores to operate with much higher d-c cur
rents. Their permeabilities range from 70 to 1.50. 
In practical filters tha t have cores with outside 
diameters from 0.050 inch to 0.150 inch, 20 to 150 
amps are needed to sa turate the dust core. As a 
rule, the maximum all owable current-IO to .3.5 
amperes-is the value that will not overheat the 
unit rather than the sa turation current. 

The permeability of du st cores is lower than 
that of ferrites but the conductivity is higher since 
the dusts are metals not oxides. The dust core 
is made of iron or magnetic alloys such as Permal
loy or Isoperm . The higher conductivity brings 
higher eddy currents and therefore higher core 
losses that more than compensa te for the low per
meabilities, resulting in lower Q's as desired. As a 
result, a minimum attenuation can be specifi ed 
a t frequencies as high as 10 gigahertz. 

The combination of stable permeability and high 
losses produces the attenuation curve in color in 
the graph above. The curve shows that the filter is 
insensitive to d-c current flo'vving throu gh the center 
conductor. 
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Attenuation of ferrite filter-curves in black-is 
sensitive to amperage of d·c current flowing through 
filter. In addition, internal resonan ces cause large 
dips in att enuation curve. Lossy filter made with 
dust cores have higher at tenu at ion and less prounoun ced 
attenuat;on flu ct uations. Dashed curve indicates 
attenuation of ferrite with no d·c current down to 1 Mhz 
(lower horizontal scale) . Because of measurement 
technique all curves are 6 db higher t han 
inherent attenuat ion . 

bust cores also have the advantage of having 
higher Curie points than frrrites have. Ferrites have 
Curie points ranging from about 130° to 300°C, 
du st-core Curie points range from 460° to 770°C. 
The Curie point is the temperature at which the 
core loses its ferromagnetic properties. It occurs 
when the thermal energy which causes random 
motion of the magnetic domains is greater than the 
internal field wh ich tends to make the domains 
align. Because of the h igher Curie points the dust 
cores can operate at higher r-f inputs wi thout dan
ger of losing their ferromagnetic properties by 
overheating. Dust cores also have high thermal 
conductivity, so they are less likely to crack due 
to overheating. 

Ferrites plus ferromagnetics 

Denesco is experimentally fabricating filters with 
very high permeability cores that combine metallic 
ferromagnetic material such as 20-80 nickel-iron 
with ferrite material. As in a dust core the b asic 
material is the metall ic ferromagnetic material. 
However, instead of the metallic powders having 
an oxide or phosphate insula ting coating, the in
sulat ion is ferrite material. The ferrite and ferro
magnetic material combination can result in perme
abilities as high as 20,000 compared with ab ou t 
150 for dust cores and 5,000 for ferrite cores. Be
cause the ferrite material has lower resis tance than 
an oxide or phosphate insulation, the resistance 
will be lower, increasing eddy current losses. In 
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Measurement setup permits the filter to be tested under the worst conditions where the external ci rcuit may 
resonate with the filte r's elements. Adjustable tuning networks set up t he conditions. Directional couplers 
and power meters measure the absorbed and reflected power t hat contr ibute to the filter 's total attenuat ion. 

addition , as in du st cores, th e saturation indu ction 
will be hi gh , allowing the filters to handle high 
c.l-c cu rrents. However, there are problems in fab
rica tin g the cores because it is difficult to manu
fac ture a combination of magnetic alloys and ox
ides. 

As ide from their use in filters the material also 
has excellent potential as a frequency dependent 
a t~cnuator. The attenu ation of this material is 

A = ( c) (f ) v (µ ) ( I~ ) C: (Q,,., Q-:;f 
where c = a cons tant 

f = frequency 
µ = permeability 
l\ = dielectric constant 

G (Qin. (~ ,1 ) = a function of Q ... a nd Qd 
Q,,. = maµ:n et ic quality factor 
Q,1 = d iC'lect ri c q ua li ty factor 

In general µ and K are high and Q.i and Q111 are 
low so the material will attenuate well. 

The attenuation can be controll ed by controllin g 
Q,,, and Q". Q,,, can be controlled by changing the 
average particle size of the metallic powder and 
by choos in g a combina tion of material s with the 
desired res.is ti vity. Q.1 can be controlled by adding 
material such as a high K cerarn.ic materi al. For an 
a ttenu ator both Qm and Q.i would be much less th an 
unity and the equation would become 

A=cf 

Ceramics 
The cerami c dielectric used in the filter's capaci

tor must have a hi gh dielectric constant, high dielec
tric breakdown strength and high insulation res ist-

ance at all tempera tures within the range specified. 
A high dielectri c constant, titanate based ceramic 
opera tes over the temperature ran ge from - 55°C 
to 125°C and has the electrical propert ies lis ted in 
the table belo"v. 

To prevent dielectric de teriora tion , it is important 
to have a high value of insulation res is tance at the 
highes t working temperatures. The specifi ed value 
at room temperature may be hi gh , but it may drop 
considerably at high temperatures . indi cating that 
ion ic impurities are in the cera11Iic material. 

To detect th e effect of these impurities, life tes ts 
are run at the maximum working tempera ture and 
at a d-c voltage which is often twice the allow
ab le working voltage for the ceramic material. An~ · 
impurities present form a solid-s tate electrolyte 
which diffuses through the material when the cl-c 
fi eld is applied . The redu ced insul a tion res istance 
is a measure of th e ceramic's li fe. 

Dielectri cs used in filters have low impurity levels 
so their insulation resistan ce shows little change 
in va lu e even after 10,000 hours operation. 

A recent development is the design as in the 
diagram at the right of a monolithic ceramic tube 
tha t produ ces higher capacitan ce and consequ ently 
greater attenua tion. To maintain mechanica l 

Ceramic dielectric properties 

Dielectric constant 

Quality fac tor, Q 
Breakdown voltage 
Insulation resistance 

25° c 
125° c 

3,000 to 4 ,000 from 
- 55° C to 125° C 
30 to 40 
500 volts per 0.001 inch 

10" ohm-microfarad 
10' ohm-microfa rad 
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strength the cerarn ic tu be has th e same thickn ess 
as before. H owever, one of the capacitor electrodes 
is embedded inside th e tube. The thickness of th e 
dielectric b etween the embedded electrode and 
the outer electrode is quite thin , resulting in an 
increase of 3 to 5 times in capacitance. As a result , 
rfi signals can b e attenuated a minimum of 80 db 
from 100 to 200 Mhz and a minimum of 90 db from 
200 to 10,000 Mhz. However, because the capacitor 
is thinn er and since the breakdown voltage of the 
dielectric is proportional to thickness, the filter's 
allowabl e working voltage is restricted to 50 volts. 

The electrode imbedded in the ceramic is a 
noble metal which is attached to a cap of condu ctive 
nwtal such as silver; th e cap is soldered to th e 
filter's center terminal. 

Measurements 

Attenuation measuring techniqu es add to knowl
edge of filter parameters and may aid in selecting 
filters for complex rfi saturation. 

A fi l ter's attenuation at a particular frequency 
depends on the source impedance of the device 
feeding the filter. At frequencies above a few Mhz 
most signal generators have source impedances 
of 50 ohms. To tes t the filter it is necessary to 
match the source to a 50-ohm load to prevent the 
reflections from the filter that would cause high 
standin g-wave ratios at the generator's input. In 
measuring capacitive input type filters a 50-ohm 
res is tor is usually placed in series with filter's input; 
with indu ctive input filters a 50-ohm load is placed 
in shunt with the fil tcr' s input. 

Several manufacturers of low-pass filters, in
cluding Denesco, have standardized the use of su ch 
50-ohm resis tances in all a ttenuation measurements. 
As a result all attenuation measurements indicate 
an approximately 6 db greater attenuation than 
would normally b e expected. A typical dust-core 
filter, such as the one in the graph on page 65, 
would show an attenuation of about 6 db through
out th e khz region , but in fact the low-frequency 
attenuation is approximately zero. 

Because the pi-section type filter (capacitive in
put) has a very low output impedance, no external 
loads are used during the measurement other than 
the load impedance of the output detector. How
ever the inductive output type filter-a T-filter, for 
example-has a high impedance and requires a 
res istive load that is connected to ground. The at
tenuation of a filter with a series indu ctor a t the 
output depends inversely on this terminating re
sistor. 

Since high-loss filters are favored b ecause they 
reduce the level of refl ec ted power, it is sometimes 
wise to measure the actual power-absorbing char
acteri stics with a direc tional coupler. The sophi s
ticated measuring sys tem shown in the block 
diagram on page 66, in addition to measuring 
input and reflected powers, also es tablishes th e 
worst poss ible loading characteristi c to measure the 
filter's characteri stics. As indicated on page 62, 
"Low Q's counterac t resonances," the worst condi-
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Monolithic cera mic tube contains t he capacitor 
electrode (color) . In this way higher capacitance 
is obtained without reducing the thi ckness 
and mechanical strength of dielectric section. 

tion corres ponds to ex ternal loads resonatin g with 
th e filter clements. The conditions are crea ted in a 
measuring se tup by adjustin g the tuning network. 
The worst input condition corresponds to a max
imum refl ected power; the worst output condition 
corresponds to maximum output power. 

In this measurement the filter's attenuation is 

A = 10 loo- Pinf 
'"' P out 

\\' here Pinr is the input power in th e forward direc
tion and P0111 is the output power. This includ es 
attenuation caused by diss ipated and refl ected 
power. The component of attenuation caused onl y 
by power dissipation in the fil tcr is given b y 

A = lO lOO' Pin r - Pinr 
0 

P o ut 

\Vhere Pinr is the reRected input power. 
Usually where measurement techniques affect the 

filter performance the techniques are given . 
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Circuit design Designer' s casebook is a regular 
feature in Electronics. Readers are invited ,.. 

Designer's ·casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We' ll pay $50 for each item published. ... 

Transistor switch 
for clickless keying 

By James M. Little 
Rank Bush Murphy Electronics , Welwyn Garden City, Eng. 

Audio tones can be switched noiselessly at rates 
up to 50 kilohertz with the circuit shown below. 
It produces a balanced output and its performance 
is tolerant of the value of capacitance across the 
operating switch contacts, permitting remote con
trol by long cable. Only a single two-terminal 
power supply is required. 

The circuit uses two transistors and a 1: 1 trans
former. Transistor Q1 is an emitter-follower driven 
by continuous a-c signal. Transistor Q~ is made 
of silicon. A germanium transistor is unsuitable be
cause it does not provide a completely open circuit 
"off" condition with the base open circuited. 

\ Vhen switch S1 is open a res istance of 10 
megohms develops between Q~' s collector and 
emitter, for s ignals of either polarity. When S1 

is closed, Q~ is heavily saturated and offers on ly 
a few ohms of res istance between collectnr and 
emitter for currents in either direction. Therefore 
full s ignal current is passed throu gh the transformer 
primary. The output voltage that results is abou t 
0.5 volt root mean squ are. 

-12v 

-CONTINUOUS 
A-C SIGNAL 

0 

o, 
2N 1024 

c, 
8µ1 

4 70 

1.5 k 

2.2k .___II[ 3 
Oz 
2Nl64 3 

Two transistors and a 1:1 transformer accomplish 
audio switch ing without collector bias. 
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,.. . 
Capacitor C1 preserves the d-c conditions on Q 1 ,...,,. 

and isolates the collector of Q~ from Q1's bias, ,_. 
reducing key clicks to negligible proportions. The 
2.2-kilohin res istance across the tran,,i"ul'l11er pn- ,. 
mary absorbs energy spikes that might occur if 
the switch was operated with the output load di s- • 
connected. ,;.. 

The circuit operates well with up to 0.2 micro
farad across the switch contacts, yield ing square- -\ -
signal burs ts when tes ted at switch ing speeds up 
to 50 bauds (code clements per second). Signal • 
suppression during the off periods is better than .., ... 
70 decibels. The minimum base current required 
to allow clistortionless transmission of a signal of 
7 milliamperes peak is approximately 4 milliam
peres. About twice this amount has been provided 
to allow for wide tolerances . 

>rAmplifiers and triggers 
simulate blood pressure 

By Maurice E. Swinnen 
Walter Reed Army Medical Center, Washington 

.. 

Blood pressure readings can be simulated with op
National amplifiers coupled to Schmitt tri ggers . ~ 
The voltage simulation is useful for calibrating de- ,... _ 
vices that record the analog elec tri cal ou tput of a 
catheter. Another application will be in checking 
equipment to digitize such outputs. 

M 

To simulate blood pressure, a triangu lar wa\'e 
whose frequ ency equals the heart rate is modula ted ,. 
by a second triangular wave whose frequ ency 
equals respiration rate. The modulated signal rides ' · 
on a fixed d-c voltage that imitates diastolic pres- .,. 
sure level. Systolic pressure level is indicated by 
the peak voltage. • 

Each trian gu lar wave is generated by connecting 
a modular operational amplifier in an integrator ....
configuration and feeding its output into a Schmitt, 
trigger (Q1 and Q~, or Q,1 and Q4) with large hys
teres is . The Schmitt trigger ou tput is then inte
grated by the amplifier to obtain a triangu lar " ·ave, 
whoi;e peak valu es are equal to the hysteresis levels • 

~ 
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Heart and respiration rates are simu lated by triangular waveforms generated by operational 
amplifiers and Sch mitt triggers. The waveforms are combined to simulate blood pressure. 

of the Schmitt trigger. The output characteristics 
are set by the potentiometers R1 through R4. 

' Vhen the negative output of the Schmitt circuit 
is presented to the operational amplifier the pulse 
is integrated in a negative direction. Thus, the 
trailing edge of the triangular waveform , which 
decreases to - 8 volts , is generated. At - 8 volts, 
the Schmitt cuts off, and its output voltage reverts 
to + 2 volts. The output voltage is applied to the 
input of the operational amplifier, which begins 
generating the leading positive-going edge of the 
triangular waveform. 

High-speed wideband gate 
provides 70-db isolation 

By Jacques Gilbert 
Defense Research Board , Val cart ier, Quebec 

A simple gate circuit using only three silicon diodes 
can provide ex tremely high attenuation for radio 
frequency s ignals. For example, it can be used in a 
duplexer as a transmit-receiver switch to permit 
connection of the transmitter and receiver to a com
mon antenna. The circuit, top of page 70, provides 
more than 70-dccibel isolation over a 25-megahertz 
bandwidth , centered at 30 Mhz. The gate switches 
at rates as high as 500 kilohertz . 

When the control voltage is posi tive, the gate is 
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The heart rate osci ll ator generates a frequency 
ranging from 0.2 to 20 hz whi le the respiration rate 
can be adjusted from 0.1 to 10 hz. Potentiometers 
R1 and R1 set the rates. Centering potentiometers 
R2 and R., adjust the symmetry of each Schmit! 
trigger pulse around the zero reference line, and 
consequ ently , the symmetry of the triangular wave
form s. The s ignals arc summed in a third opera
tional amplifier together with an adjustable d-c 
voltage that represents the diastolic level to pro
duce the composite analog signal. The output volt
age reaches a distortionlcss peak of + 10 volts. 

biased on, diodes D1 and D~ condu ct and diode Da 
is off. The output of the gate is then coupled to the 
input through the low fon-vard resistance of D 1 and 
D~. When the polarity of the control voltage is re
versed, diodes D1 and D~ arc cut off and D 3 con
du cts. This results in very high attenuation of the 
radio frequ ency signal. 

Blocking capacitor C connected in series with 
D :i allows the full control voltage to be applied to 
the diodes in the backward direction. If the control 
voltage waveform is symmetrical wi th respect to 
grou nd, the capaci tor acquires a fi xed charge during 
the first few cycles of the control signal and main
tains this charge indefinitely. Thus the charging 
time constant of the capacitor does not interfere 
with the steady state operation of the gate at high 
switching rates . Turn on and turn off times are 
about 100 nanoseconds. 

A good practice is to selec t the transformer turns 
ratio, n, to match the source impedance when the 
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gate is on . In this circuit an n of 1.5 was chosen. 
Under this condition an approximate relation for 
isolation in terms of the transmitted power is: 

1 
_4_w_4 ~C-r 4- TI- r2- (2H. r + R L) i 

where P 0 n = transmitted power for the on cases; 
P 0 r r = transmi ttcd power for the off case; 

Cr = depletion layer capacitance of diodes; 
R r = dynamic forward resistance of diodes; 

w = frequency in rad ians ; 
RL = load resistance. 

While a matched transformer input is not neces
sarily the best condition for minimum insertion 
loss or maximum attenuation, measurements made 
on the gate show 85-db isolation at 20 Mhz and 
75-db at 40 Mhz with less than 4-db insertion loss. 

Suppressed carrier modulator 
with noncritical components 

By Clifford H. McDermott 
Aerojet-General Corp., El Monte, Ca lif . 

Suppressed carrier modulation at low to moderately 
high frequencies can be obtained without trans
form ers or complex balancing techniques . The fun c
tion is accomplished with a phase splitting network 
and two fi eld effec t transis tors operating in a 
switching mode. 

50-0HM 
SOU RCE 

1:n 

.---- {~:~-tr- -
CONTROL 
VOLTAGE 
PULSES 

2.2K 

c 
0.0 01 µ f 

03 
1N916 

D2 
1N916 

50-0HM 
LO AD 

Series diodes D, and D, conduct and D, is off when 
t he gate is biased pos iti vely by the control voltage. 
Conversely, diode D, and D, are off and Da 
conduct s when t he cont rol vo ltage is negative. 

The carrier drive consis ts of a complementary 
pair of square-wave signals whose peak amplitude 
is slightly higher than the pinch-off voltage of the 
fi eld effect transistors. After phase inversion, both 
the modulated and inverted modulated signals are 
inserted into the modulator by emitter-followers 
'vvhich maintain equal driving-point impedances. 
Suppress ion balancing is accomplished by adjusting 
the I -kilohm potentiometer. The level of the modu
lating s ignal must be maintain ed below 1 volt 
peak to peak or provisions must be made to protect 
against forward biasing of the FET gate junctions. 

For the component values shown, at a carrier 
frequency of 100 kilohertz and a modulation of 5 
kliz, carrier signal rejection is 50 decibels and 
modulation signal rejec tion is 60 db. 

CARRIER INPUTS Ovlf 
-6v 

2N930 

MODULATION 
INPUT -----1 
1.0v 
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PHASE 
INVERTER 
AND 
DRIVING 
CIRCUITS 

2 k 
6.2 k 

UC200 SUPPRE SSED 
---4~---i---- CARRI ER 

OUTPUT 

Two switched field effect transistors cou pled to a 
phase splitt ing network provide su ppressed carrier 
modulation at low to moderately high freq uencies. 
Waveforms indicate the process at different circuit 
st ages. 
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Pulse circuit fires scr pair 

By Brian McCon nell 
Coquitlam, New Westminister, British Columbia 

High-power firing pulses of exact dimensions are 
alternated b etween a pair of s ilicon controlled 
rec tifi ers by the pul se circuit shown. The rela tive 
tirn ing of th e pul ses is controll ed by the symmetry 
of th e low-power, rectangular input. 

The pos itive half cycle of the input waveform 
h1rn s tran sis tor Q 1 on by means of gate 1. With 
Q i on, current fl ows in tran sform er windin g P 1• 

INPU T 

GATE I 
ON WITH 
+ Ve 

GATE 2 
ON WIT H 
- Ve 

-14 v 

• 
I P1 

And a voltage is indu ced across P~ that turn s Q~ 
on th rough diode D~. This action allows winding 
P 1 to pass full load current plu s rnagne tizin g cur
rent. The potential indu ced across the secondary 
winding, S i, drives SCRi th ro ugh diode D,1. The 
polarity of the secondary s ~ potential is inverted 
and th erefore blocked b y D4 to prevent excess ive 
reverse voltage on the gate of SCR~. 

\\'hen the core saturates, all indu ced voltages 
collapse, turning Q~ off. Suffi cient current to jus t 
saturate the core is maintained through R i. The 
value of this current is mu ch less than th e load 
current. \ Vhen the negati ve ha lf cycle co mmences, 
Q" is turned on by gate 2 and the action is re
peated-in reverse-throu gh the P~ primary wind
ing. Since all indu ced potential s are reversed, 
SCR~ is driven on thi s time. 

TO TO 

G K K G 
I k 1 k 

O.Olld bi 
Bv 8 v 

D3 S1 Sz D 
• • 4 

• 
I Pz --r=-1=..:.ft -0 

< 1khz I 
I - !--- 12v 12v--+j 

SCR 1 
JU_JlL50-µ.sec I I 

PULS E 
SC R 2 _JL_JL_ 

I k 1 k 
10 

-
The circuit delivers an exact pulse then stalls until the next half cycle. Care should 

- ., be taken to insure t hat Q, and Q, do not turn on simultaneously. 
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Front-end nuvistor lowers 
transistor amplifier noise 

By George C. Kuipe rs 
A.C. Electronics D.R.L., General Motors Corp., Goleta, Calif. 

A nuvistor tube makes a good fro n t encl in an 
otherwise all-tran sistor amplifier of low-level sig
nals a t sub-audio frequ encies, such as a preampli
fie r fo r an infrared radiometer. The tube's ad-
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vantage in power-limited, low-noise amplifiers is 
that its internal noise is s ignifi cantly lower than 
that of a bipolar tran sistor. 

An example of a hybrid nu,·is tor-trans istor am
plifier is the preamplifier, top of page 72, designed 
for use in a narrow-band signal processor. The ap
plication call s for an input frequency of 15 hertz 
and a source impedan ce of approximately 300 kil
ohrns. Th e nuvis tor supplies adequate amplifica
tion, even in a s tarved condition. H ere the pl ate 
current is lower than recommended . The amplified 
signal level is much high er than the noise level of 
tran sistor Q i, so Q i does not add s ignificantly to 
the total noise present. 

.,. , 



+20 v 

150µ1 1 k 

) + 
150 k 930 

1 1 100µf 
-=- 0.02 µ1 9.1 k 

MYL AR 240k 12 k 
+ 1_ 22k 150µ 1 

0.22µ f 01 -=-
MYLAR 2N2484 02 0 4 

INPUT ----1 2N2 484 2N2907 
V1 

SM A1 52748 03 
(CAR BON 

330 2N2222 150 µ1 
FILM ) + f---o ur 

IOOk 
12k 

13k 

6v 

150µ1 
Rt 

-=-
10k 

-=-
... 

+ c 
1 " -

Low-noise tube at t he preamplifier's input boost s signa l lev el high encugll to overcome no ise int roduced in tile -~ 
t ra nsistor ~ tages. Direct coupl ing bet ween t he t ube and Q1 provides t emperature stabi lity, whil e feedback t hrough 
R, and C, sta bilizes ga in . ,,. -

To ob tain th is desired noise condition, a qu ie
scent plate current of 400 microamperes was se
lected for the nuvistor, T 1. This p la te current re
duces T 1 's amplifi cation factor to 10 from the rated 
value of 35 and increases the dynam ic plate re
sistance to approxima tely 10 kilohrns, th e output 
impedance of the fir st s tage. Th e 2:\!2484 transis
tors are high-b eta , low-noise devices that exhibit a 
minimum noise fi gure when the source res istance 
is 5 to 15 kilohms. 

The direct couplin g between T 1 and Q1 pro
vides an input impedance that does not load T 1 's 
output. Also, T 1's pla te voltage suppl ies a stable 
d-e bias to the base of Q i. making the d-c tempera
tu re stability of Q 1 excellent. The collector cur
rent of Q1 is se t a t 150 µ.a fo r optimu m noise per
fo rmance. Bootstrappin g could also be used to 
achieve an input impedance tliat docs not load the 
nuvistor output while re ta ining a good tempera ture 
stability factor. 

The emitter-coupled feedback loop , Rt and C 1 

Voltage-controlled multi 
produces triangular output 

By Gilbert Marosi 
General Preci sion Equipment Corp., 
Link Group, Sunnyvale, Calif. 
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connected b etween the emit ters of Q:i and Q i, in
creases the open-loop input impedance anc.l de
creases the open-loop outpu t impedance while 
stabil izing the a-c closed loop gain . Open-loop gain 
at 15 hertz is 90 decibels and the closed-loop gain 
is 40 decibels. This yields an excess ga in for the 
loop of 50 decibels. 

The preamplifier output s tage cons ists of a un ity 
ga in , buffer amplifi er Q~ and Q 1. The low output 
im pedance of thi s stage assures th at the feedback 
network w ill not load transistor Q~ , in addition to 
pro ,·ic.l ing a low-impedance source fo r furth er 
process ing circuitry. Output impedance is 10 ohms, 
wh en an input impedan ce of 4 megohms is present 
for the preamplifi er. 

Preamplifier' s ga in is 40 db with an equivalent 
noise resistan ce of 50 ki lohm s measured in a 6 hz 
bandwidth centered a t 15 hz. The gain varies less 
than 0.1 db over a temperature range of -40°C 
to 60°C. The noise bandwidth was limited to ap
proximately 1.5-kilohertz for this circuit application. 

By adding a d-c amplifier consisting of tran sistors 
Q7, Qo, Qn and Q 11 to a modified astablc mu lti 
vibrator circuit formed of trans istors Q 1, Q~, Q;. 
and Qn, trian gular and square waveshapes are made 
available. The outputs may be linearly controlled 
through a frequ ency range of 25 to 1 by a voltage, 
maintaining a symmetrical tr iangul ar output. 

This arrangement is inherently self- s tarting, 

Electronics I October 31, 1966 

,.. 

· ... --

... -



... 

.. 
- ' 

- n 

+ 

suited to h igh -fr equ ency circuit s and has fast ri s':! 
and fall times-typically 80 nan osecond s . 

The basic astablc multivibrator consists of tran
s is tors Q,1 and Q4 • Trans is tor Q10 clamps the col
lec tors o f Q,1 and Q.1 to ab out 4 vo lts. \ \ 'ith Q" on, 
the voltage at th e base of Q:1 is 

\' 133 = a \ 'cc + f3 \ 'cc + 2 Y o (1) 

where a = Ri I (R1 + R, ) and f3 R:il ( R ~ + R:i) . 
Th e \'Oltage at th e e mitter of Q,1 ri ses lincarlv b e
cause of th e constant current of Q1 that charges 
capacitor C 1 • 

\\'hen th e emitter of Q :1 reaches \'1: :1 . Q :i turns on . 
Th e in crease of potential at the coll ector is fed to 
the base of Q4 and causes Q , to cut off . \\Tith Q.1 
off , th e voltage at th e emitter of Q:i drops by a 
decrement (f3 V,.,. + 2 V, ,) to (a \',.(' + Vn1·::1) and 
the emitter of Q4 to a V,.c - 2 Vn - f3 Vee + Vn r;;4. 

Since th e base of Q.1 is se t at \ ' 1:.1 = a \1,.,. + 
f3 \'",. + 2 Vn, Q4 is back-b iased. So Q~ charges 
C1 linearly unti l th e emitter of Q" reaches V114. Tran
sis tor Q4 th en turn s on and the cycle repea ts. Tran
s is to rs Qc, a nd Qr; in sure th at the outputs at the 
co llectors of Q:; and Q, arc no less than 4 volts. 
Since the con stant currents of Q 1 and Q~ determin e 
the frequ ency of operat ion, the voltage at the col
lecto rs of Q,1 and Q4 wou ld vary ,,·ith fr equ ency if 
no additional cur rcn t were provided to raise th e 

1 N662 
' 

FREQUENCY 
CONTROL VOLTAG E R7 

R9 
100 k 

01 
2N3102 

03 
2N3 102 

A 

270 

Rs 
100 k 

B 

voltage of res is tors Re. and Rr. . 
Tra nsistors Q:; an d Q,; form a current-mod e 

switch that co mpares the , -oltagcs at the collec tors 
of Q,1 and Q.1. Wi th Q,1 on and Q.1 off th e voltage at 
the b ase of Qc, is 18 volts; at the base of Qo it is 15 
volts. Therefore , Qc, is off and Q.: is on. \\'hen that's 
so, 10 mi ll iampe res of current is provided for 
resistor Re, in addition to the current furni sh ed b y 
Q1. \Vhen Q4 turn s on, Q,: turn s o ff and Q.-. turn s 
on, dri vin g 10 milliamperes into res istor R r:. Th e 
presence of Q-, and Qi: also increases the regenera
tive action of th e c ircuit. The fr equency of opera
t ion is expressed as 

(2) 

where Ih = R, + R~ + R:1 . 
The tr ian gular voltage \\·;:\\·cform across th e tim

ing capacitor is amplified by transistors Q, , Q.,, Q:i 
and Q 11 and is referen ced to ground. The high input 
impedance to Q, and Q ... docs not affec t th e con
s tant-current charging of C 1 . Both the symme try of 
th e trian gular wave an d the duty cycle of the squ are 
"·ave may be adju s ted indepen dentl y b y potentiom
e ters Ru a nd R10 . If symmetrical operation is des ired 
throughout the frequency range, potentiometers 
Ro and R10 are short-circuited an d R8 is adjus ted. 

010 
2N3102 

+20 

TRIANGULA R 
OUTPU T 

VVv 

+ 20 v 

09 
2N3415 

I Ok 

'-~~~..-........ ~~~..._~~ +20 v 

Both square and triangular waveshapes are produced by t his arra ngement, 
which ha s rise and fall times of 80 nanoseconds. 
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Early Roman messages could be garbled just 
by the heat of the sun. They were written 
on a beeswax-covered tablet called a codex. 
Such records were perishable, to say the least. 

Modern messages often perish in transmission, 
too - needlessly, since Codex error detecting
and-correcting systems can restore information 
bits lost through dropouts, fading and switching 
transients. Codex developed the convolutional, 

CODEX 

forward-acting codes that provide protection 
to an increasing number of sophisticated com
munications systems. Codex equipment is now 
used on many different types of circuits for 
protection of both data and telegraphy messages. 

If your communications system suffers from 
the heat of a greater need for transmission 
accuracy, call Codex ... the people who 
know error correction from the ground up. 

CORPORATION 
• 222 ARSENAL STREET, WATERTOWN, MASSACHUSETTS • 
ZIP CODE 02172 • C617J 926-3000 • TELEX 094-6332 • 
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Instrumentation 

Correlation entering new fields 
with real-time signal analysis 

From probing for a bra in tumor to explori ng fo r oil , 

autocorrelation and crosscorrelat ion are proving invaluable 

when noise must be filtered from very low level signals 

By Bernard Lu Bow 
Princeton Applied Research Corp,, Pri nceton, N.J. 

Correlation analysis- the powerfu l but form erl y 
t ime-con suming techn iqu e fo r analyzin g signals 
and sys tems b eh avior in communications and 
radar-is leavin g the lab oratory and is heading 
to the fi eld and operatin g room. Recently developed 
instruments and methods that permit autocorrela
tion and crosscorrclation to b e measured on-line 
a nd d isplayed in real t ime are opening new ave
n ues for the process and improving old ones. C or
rela tion is b ein g extended in to radio as tronomy, 
fluid and solid-s ta te phys ics , neurology, seismology 
and o ther areas. 

The exp ansion of correla tion analysis is the rcsul t 
of in creased exploration of phenomena th at h ave 
very low level s ignal s-brain waves and stellar 
radi a tion for example. D igging a signal out of noise 
is the major fun ct ion of analyzin g data in both geo
physical exploration and underwater detection . 
These signals are often hidden beneath a blanke t 
of similar signals and extraneous noise; to separate 
the s ignal from the noise, instruments of un prece
dented accuracy and sensitivity arc needed. Hence 
scienti s ts often resort to correlation anal ys is to find 
these ob scure s ignals. But previously thi s meant 
expensive, spec ially designed equipment fo r each 
spec ific situ a tion. \Vorse yet, old methods and 

The author 

Bernard LuBow received both 
BSEE and MSEE degrees from 
Drexel Institute of Technology, 
Ph i ladelphia. For six years 
prior to joining PAR, he did 
design and development work 
with radar receiver systems 
at the Radio Corp. of America . 
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equipm ent cou ldn ' t operate in real time and w ere 
primarily li mited to low-frequency application s. 

T he si tua tion is changin g, however. New e ffici en t 
in s truments can continu ously sample even th e mos t 
noisy s ignals and compute the correla tion fun c tion 
simultaneously- p ermitting the fun ction to b e ob
served almost imm ed iately and continuou sly. 

Different but alike 

C orrela tion analys is is a convenient techniqu e for 
determinin g the spectral characteri stics of a s ignal 
or the similarity of two different signal s. 

One point of a correla tion fun ction is the long
term average of the p rodu ct of two fun ction s of 
timf'. The complete fu nction is generated wh en a 
delay be tween the two t ime fun ctions is varied . 
F or example, if one voltage V1(t) and another volt
age VAt-T), wh ere T represents a finite and variabl e 
delay, are continuously mul tiplied toge ther and 
the produ ct fed into a low-pass filter, then the 
filter's output closely a pprox im ates the tru e mathe
ma tical correla tion fun ction . 

If v~ is identical to \' 1 in every res pec t except 
for the delay T , th e result is th e autocorrelation 
fun ction. If V1 and v~ arc totally different fun c
tion s, th en the result is the crosscorrelation fun c
t ion. The outputs in bo th cases are fun ction s of the 
delay time, T . l\fath cma ticall y for autocorrelation : 

C 1.h) = Lim -iT f_.Tr Y1( t )V1(t - T) dt 
'1, ___. co 

for crosscorrcla t.ion : 

C1,2(r ) = ~~100 Z~l' f .: V1(t )V2(t - T) d t 

An ins trument, therefore, that does this integratin g 
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Subject 1 Subject 2 

Correlation functions of EEG's of two subjects. Top traces were taken with subjects' eyes closed and clearly 
define the alpha rhythm's basic frequency. Rhythm is diffi cult to measure with conventional EEG's since it 
is masked by random signals . Bottom traces show how alp ha rhythm disappears when subjects open their eyes. 

proces s will show whether correlation exists be
tween two signal s and, if so, when maximum cor
relation takes place. [For a more detailed discus
sion of the correlation functions see "Mathematics 
of correlation," p. 78.] 

Correlator reads brain waves 

Measuring the s imilarity of two supposedl y iden
tical signal s arising from a common physical phe
nomenon is often an invaluable tool in medi cine. 
For ins tance, the basic frequ ency of th e brain 's 
alpha rhythm, the dominant rhythm from the adult 
cortex, can serve as an excellent indica tor of the 
patient's health . A smooth alpha rhythm is normal; 
the presence of spikes or other ex traneous activity 
indicates a condition for furth er medical analysis. 
\Vith a convention al electroencephalogram (EEG), 
it is sometimes impossible to measure this basic 
frequency. 

\Vith correlation , th e alpha rhythm is ex tracted 
from the EEG signals for easy interpretation . The 
photograph s above are the autocorrelation fun c
tions of EEG's of two subjects; each taken from 
b etween the left parietal and central occipital areas. 
The parietal lobes above each ear control audio
language function s; the occipital area is in the back 
of the brain and control s sight. The upper traces 
show how easily the basic frequency of the alpha 
rhythm can be measured. These correlograrns were 
made when the subjects were relax ing with their 
eyes closed. The lower correlograms were made 
when the subjects opened their eyes and the alpha 
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rhythm was blocked out-a normal occurrence with 
subjects having normally fun ctioning brains. 

It has also been demonstrated that there are 
significant chan ges in the correlation functions of 
EEG's from patients with brain tumors.1 Since 
EEG 's contain signal s that are much like repetitive 
bursts of damped sine waves, a cros scorrelogram 
of normal EEG 's from corresponding; areas on the 
left and right hemispheres of the pa ti en t' s s ku II 
would be similar to that shown in th e fi gure on 
page 79. If the maximum value of th e correlogram 
is at zero delay (S = 0 in the figure), this indicates 
that the electrical activity at both electrode loca
tion s is synchronous. An asymmetrical crosscor
relogram indicates that th e two hemispheres arc 
not produ cin g comparable rhythmic electrical ac
tivity; this could mean th e presence of a tumor. 

Correlators may also locate th e area of a patient's 
brain responsible for the uncontrollable twitching 
present in some diseases- epilepsy, for ins tan ce. 
The offending area can be identified by crosscor
relating EEG signals from various parts of the 
brain with s ignals from strain gauges applied at 
the location of the twitch. Th e brain waves arc 
recorded with electrodes fastened to the head ; it 
is not necessary to place probes in the brain sur
gically. 

Turbulence measured smoothly 

One of the earliest applications of crosscorrela
tion was in fluid physics to study the irregularities 
in the fluid flow of streams-hydrodynamic tur-
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bulence. Turbulence studies are usually made by 
repeatedly inserting a veloeity-responding prob<' 
into the turbu lent stream of fl11id at different points. 
Analys is of data from a single probe is of limited 
value. By contrast, th e crosscorrelation of signals 
from probes of variable separation gives more 
meaningful information about turbulence and dif
fusion (the scattering of solid particles in fluids ). 

Crosscorrelating the a-c signals from two velocity 
sensors inserted into a stream produ ces rcsu lts 
similar to those at the right. The signals pro
du ced by two probes in the stream are correlated 
as one of the probes is moved downstream relative 
to the other. Two things are immediately apparent. 
First, the time delay for maximum correlation in 
creases in proportion to the distance between the 
probes. This would be expected for the genera l 
Bow of the fluid in the pipe. Second , as the distance 
be tween the probes increases , the amplitude of thl' 
correlation function decreases whi le its width in 
crca;.es. This yields information about both the 
amplitude of the turbu lating eddies and their co
herence time. The coherence time is an important 
characteristi c since it aids in defining the actual 
physical process. The two-probe technique for in
vestigat in g turbulence and diffusion is probably 
the most important sin gle tool avai lable to inves ti 
gators in hydrodynamics, rocket exhaust stu dies 
and plasma physics. 

Characterizing linear systems 

~1any techniqu es have been developed for deter
mining the behavior of linear systems. These in
dudc such methods as .'\yciuist and Boele plots 
and the use of frequency analyzers . Y.\V. Lee and 
J.B. \Vcisner ~ showed that it is possible to obtain 
th e unit impulse response of a linear sys tem by 
driving it with broadband (white) noise and cross
correlating this input with the sys tem 011tp11t, as 
on page 81. Th e correlogram that resu Its gives 
the same information about the system as if it 
were excited with an approximation of a delta 
function and its output recorded on an oscilloscope 
or x-y recorder. In practice, however, the delta 
function is hard to achieve and, more often than 
not, overloads active systems. Further, the complex 
frequ ency response function of the system can 
be obtained as the Fourier transform of the im
pulse response made with such a tes t signal. 

~ 

WHITE ~w)'K LI NEAR 
~· 

c 
NOISE SYSTEM 0 

UNDER R 
SOURCE TEST R CA 6(T)'2JTKh(T ) 

E 

t6( t l L 
A 
T 
0 
R --Response of a linear system to a unit impulse can be 

obtained as shown above by crosscorrelating the signal 
from a white noise source and the resulting system 
output. This technique can be used while the system is 
operating, right , despite extraneous noise sources. 
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Hydrodynamic t urbu lence studies are aided by determin
ing the correlation function between the electrical out puts 
of two velocity sensing probes. Amplitude and coherence 
time give distinctive data about the turbulating eddies. 
Similar information is difficult to obtain with single 
probe measurements that yield only the power density 
spectrum. The correlation functions between probes as 
one is moved downstream show how the delay time 
increases and the amplitude decreases as the 
probes separate . 

This technique has important practical implica
tions . Consider, for example, the effect of spurious 
noise when trying to determine an impulse re
sponse or when the system is in constant use and 
is being driven by ex ternal signals. Even under 
these circumstances it is possible to obtain the 
crosscorrelation function be tween the system out
put and a tes t white noise signal. Since there is 
no correlation b etween the test signal and the con
trol signal or ex traneous noise, th e control signal 
and noise will not affect the crosscorrl' lation fun c
tion obtained-which is the impulse response un -

EXTRANEOUS CONTROL 
NOISE SIGNAL 
SOURCE OUTPUT 

CONTROL f5( t) 
SIGNAL IN( t) 
SOURCE c 

LINEAR 0 
SYSTEM R 

UNDER TEST IA( t) R CAB (r),21TKh(r ) 
E 

WH ITE L 
NOISE A 
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6
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Mathematics 
of correlation 

Correlation functions are to modem 
analytical techniques what frequ ency 
spectra are to the classical methods 
of Fourier, H eavis ide and LaPlace. 
Unfortunately, for most engineers au
tocorrelation and crosscorrelation fun c
tions do not have the intuitive mean
ing the frequency spectra have
probably because of lack of experience 
in handling correlation analysis . Yet 
correlation functions , an outgrowth 
of m odern information theo ry, are 
basic to the analys is of random proc
esses and the complex signals they 
produce. 

To better unders tand correlation 
functions , assume that some phys ical 
process produces the time functi ons 
fA (t), fB (t), . . , fn (t) simultaneously. 
Assume further that the phvsical proc
ess is not changing with time-the 
batteries are not running down , parts 
are not wearing out-in other words, 
a stationarv situation exists . Also, it 
is assumed that the time fun ctions 
are not zero and they do not have a 
d-c component. The signals may be 
simple or complex period ic waves or 
they may vary in noise-like random 
fashion . 

Autocorrelation. Passing one of the 
signals , C (t), through an ideal delay 
line introduces a nondispersive vari
able delav, r , as shown in the block 
diagram on this page. The output of 
the line, signal f ,( t - r ), is identical 
to fA( t) except for the delay. If the 
instantaneous values of f , (t) and f., 
(t - r ) are multiplied and the prod
uct averaged over a sufficiently long 
time, the result has the fo llowing 
properties : 

• The product will be maximum at 
T = 0 

• The value at r = 0 is rela ted to 
the total power of the signal. If f., (t) 
is a voltage, then the average of the 

product for r = 0 is s impl y f., ( t)~ 
or the power the signal wi ll dissipate 
in a 1 ohm res istor. 

• The average value of the product 
will be a function of r, the fo rm of 
which w ill be characteristic of the 
original signal, f A( t). 

• If the averaging time is long 
compared with the reciprocal of the 
lowest frequ ency in the original sig
nal , then repeated measurements of 
the product for a given r will yield 
values very close to one another. 

• The average value of the product 
for negative values of r is identical 
to that for the same pos itive values. 

What has been described is the au
toco rrelation fun ction for any time 
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fun ction f.,(t). Mathematicall y the 
autocorrela tion fun ction is ex pressed : 

C AA (r ) . = 1 f T 
Lim "2T- fA (t)fA (t -r) d t 
T- 00 -T 

Consider what information C.u H 
can give about the signal f,1 (t). First 
compare fA( t) with fA(t-r) for very 
large values of r. Any physical realiz
able process that produces a t ime 
fun ction like f.,( t) will be such that 
the value of the signal at time t 
becomes more independen t of the 
value at t - r as r gets larger. Ther
mal noise, and even the quantum 
mechanics uncertainty principle, will 
eventually introduce randomness that 
will cause a gradual loss of coherence 
in the output signal. This is true even 
of the oscillators in the most stable 

... , 

.. T 

a tom ic clocks. For a signal arising 
from a real process , c .\.\(r) approaches 
zero as r becomes sufficiently large . 
The va lue of r that causes a signifi
cant reduction in the fun ction c .\.\ (r ) 
is a measure of the coherence time of 
the original signal. 

Noise characteristics. Consider, for 
example , random noise. The autocor
relation fun ction for very wideband , 
uniform (whi te) noise with a root 
mean square value of E 111 is an im
pulse fun ction a t r = 0 with an am
plitude Em ~. This means that one 
characteristic of wideband noise is 
that the instantaneous va lue of the 
signal is completely independen t of 
the va lue a t any other instant and 
that the cohe rence time of the process 
producing the noise is very short. 

A less obvious property of the auto-
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VARIA BLE T 

fc (t l 

PERFECT DELAY LINE 
AVERAGING 

DELAY T CI RCUIT FOUR -PHYSICAL 
QUADRA NT AVERAGING fN ( t) PROCESS 

f' D7L~ ~N7 H7RE-, 
MULTI PLIER Tl ME T 

10111 LF~ _!E::'~E~ - .J 

~OAC S16'AL , CREOUENCY "• 

n I .. , 

v VlfV v v v vv vv17 
fA = WHI TE NOISE 

/V\ ./'./\ /' .. t r" "-" v~ 
WTER PASSING THROUGH FILTER 

18 = f A DEL AYED BY AMOUNT S 

fA(t): t1 (t) tf2(tl 

18 ( 1) = t 3 ttl + t4 (tJ 

C'O rrelation fun ction is given by the 
fo ll owing pair of reciprocal relations : 

1 J oo cJ>A A(w) = 271" -~AA (r ) cos WTdT 

C AA (r ) = j~AA (w) COSwrdw 

These expressions are call ed the 
cos ine Fourier transform pair. It can 
be shown that <l>AA(w), the cosine 
F ourier transfo rm of the au tocorrela
tion fun ction , is iden tical to the power 
dens ity spectrum of fA( t). H ence 
measu ring the autocorrelation ftm c
tion or the Fourier density spectrum 
yields equivalen t information about a 
signal and the above equations can 
conYcrt one to the other. 

Jn exp erimen tal work, the measure-
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FOR wN * kwM 
~-f-_:;;:_:::._~~~~-"-~~~~___,~ T 

k IS INTEGER 

kwM, HARMONIC OF FUNDAMENTAL 
IS PRESENT IN SIGNAL 

s 

CA9(r) = C13(r)+C23(rl 

+C14(r)tC24(r) 

ment of the power dens ity spectrum 
of a complex s ignal has been the tra
ditional way of obtaining inform ation 
to characterize the s ignal fo r two rea
sons. First, construction of a wave 
analyzer is relatively straightfo rward 
and , second, spectral data are of 
paramoun t importance in spec ifying 
the frequency res ponse of equipment 
needed to handle the signal. Howe,·er, 
in sea rching for an unkn own coherent 
s ignal buried in rnndom noise, the 
autocorrelation method wou ld detect 
the presence of the signal sooner than 
measuring the power density spec
trum. The autocorrelation fun ctions 
fo r a few represen ta ti \'e tim e fun c
tions are given on the preceding page. 

Crosscorrelation. \ Vhi le the auto
correlation fun ction of a s igna l is 
equi valent to the traditiona l technique 

of po" ·er densi ty spectrum analysis , 
there is no class ica l analogy for cross
co rrelation anal ys is . Crossco rrela tion 
is concerned with the rela tionship be
tween two different signals that arise 
in some common process . T he cross
correlation fun ction is obta ined b y 
averag ing the p roduct of one tim e 
fun ction with a delayed replica of the 
second time fun ction as shown in the 
b lock di agram on this page. Expressed 
mathematicall y, the cross relation func
tion is: 

CA th) = 1 JT 
~im 21, fA (t) f a (t - r ) dr 
f-+ co - T 

The properties of C.,ll(r) are, in gen
eral, qu ite differen t from those of 
the autocorrelation fun ction. For ex
ample, C.1B(T) is not equal to C .1n(-r). 
However, C.1B(-r) does equal Cn.,(T), 
a relationsh ip that has practica l im
portance in obtaining C.1n(T) fo r nega
tive delays . In practice, the averag ing 
process indicated in the above equa
tion is performed onl y for a time 
longer than the longes t period in s ig
nals f ,( t) and fg( t). Also , for signals 
that arise from real phys ical processes, 
noise and the un certa inty p rinciple 
ass ure that C.1n(r ) approaches zero as 
r approaches infi ni ty. A few examples 
of crossco rrela tion between various 
typ ica l waveforms are shown at the 
left on this page. 

The cross rela tion fun ction can be 
described as represen ting the degree 
of conformity between two s ignals as 
a funct ion of their mutual delay. 
Hence if C (t) and fR (t) ari se from two 
completely separate, unrela ted proc
esses , then C.1B(T) = 0. As in the case 
of au toco rrelation , a reciprocal F ourier 
pair ex ists fo r cross co rrela tion. Thev 
are described mathematicall y by th~ 
fo llowing: 

<l>A n(w) = L-j~AB (r) e-iw rdr 

CAn(r ) = [

00 

cJ>An (w)c iwrdw 

Jn this case, however, the physical 
mean ing of <l>.\ B(w) is not so clear. It 
can be ca lled the spectrum of cross
correlat io n of the time fun ctions fA( t) 
and fn ( t ) .~ 

Crossco rrclation analysis provides 
a powerfu l analytical tool. The ability 
to measure the degree to which two 
s ignals that a rise from a common 
phys ical phenomenon resemble each 
other as a fun ction of the delay time 
bet\\'een them can provide a much 
deeper insight into the phenomenon 
being studied th an a sepa rate analys is 
of the properties of either s ignal alone. 
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Basic to t he operat ion of rea l-time correlator is t he digital delay line made up of a series of f lip-flops. 
The total delay ra nge, from 100 microseconds to 1 second , is determined by the clock oscillator's frequency. 
Overload indicators in each channel indicate when the input signals are amplified su fficiently. The product 
of the delayed and reference signals is stored on the memory capacitors, C. The funct ion is applied to the 
readout terminal as the ring counters sequentially turn on the transistor switches, Q, , 
permitting the voltage stored on each capacitor to be sampled. 

disturbed by the ex traneous signals. 
This immunity to internal system noise also 

allows the response to be obtained with very small 
exciting noise signals which do not interfere with 
the signals that the system normally handles. Thus 
the response function can be determined while the 
system is in operation. 

\Vith the new real-time methods of correlation 
it is now possible to keep the response of critical 
systems under constant surveillance and to make 
optimizing adjustments. Self-optimizing systems 
can be constructed by introducing feedback from 
a subsystem that evaluates the impulse response. 
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Since noise imposes th e basic limit on the mini
mum signal that can be obtained in a given ex
periment, if, as is often possible, enough is known 
about the frequency of the signal being sought; it 
can be correlated with a reference signal of the 
same frequency. The noisy signal crosscorrelatcd 
with the reference signal yields a function tha t 
indicates the relative phase relationship between 
the noisy signal and the reference. Also, the arnpli 
h1de of the crosscorrelogram is the product of the 
reference and signal amplih1des, the noise having 
been rejected. A special case of crosscorrela tion has 
been applied to the design of lock-in amplifiers.~ 

Crosscorrelation of input and output signals from a lumped-parameter delay line driven by a white noise source 
yields the un it impulse response of the line. Output smoothing converts the point-by-point plot to a continuous curve . 
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Actual equipm ent for obtaining correlation func
tions can take many fo rms. A. technique used ex
tensively couples the input si!!nals to a digital 
computer by means of a high-speed analog-to
dig ital converter. The computer is programed to 
crosscorrelate, poin t by point. two signal s and 
to ex tract them from noisy backgrounds. But, this 
requires a sizable computer mernorv and a rPla
tively large amount of computer tir~e. Also, it is 
diffi~ult to make high-speed analog-to-digi tal con
vcrsrnns. Other correlators record the signal s on 
magnetic tape for replaying at a later time. Variable 
d('lay between the signal s may be introduced by 
two playback heads on the recorder-one movable 
an d the other fi xed-and varying the separa tion 
between th em. This technique requires point-by
point sampling of th e input signal. whi ch is time 
consumin g and cannot be clon e on-line. 

The advantage of being able to read correlation 
functions in real time can be seen in a typical ex
ample of how correlation analysis is used. In sleep 
research, for instan ce, the correlator has the ability 
to sense the onset of alpha rhythms with ex treme 
sensitivity as it is occurrin g-without the ambiguity 
and delay that occurs " ·hen isolatin g the rhythm 
from normal EEG records. Researchers thus can 
determine more prcciselv the time relation b etween 
the onset of the alph a. rhythm and other experi
mental factors. 

No extras needed 

Th e Princeton Applied Research Corp.'s instru
ment is a 100-point time delay correla tor designed 
primarily for on-line use . It requires no extra 
equipment other than a general laboratorv oscillo
scope to display the final function and it ~an work 
with signals as high as 250 kilohertz. PAR's cor
relator combines analog and digital techniques to 
cl isplay a continuous picture of the correlation 
functions of the input signals. Since the function 
is com puted for 100 delay times simultaneously, 
a continuou s presentation of a slowly varvincr cor
relation function can be displayed even wi.th i~1puts 
that arc not quite stationary with respect to time. 

The two signals to be correlated are Fed into 
inputs A and n, sec diagram at top left. Channel 
A is amplified to a level ju st below the point of 
overload. It is then mixed with noise and digitized 
in a relatively coarse, high-speed analog-to-digital 
converter. Outputs from the converter are sampled 
and applied to an 100-elcmcnt shift register. The 
sh ift register acts as a digital delay line and has 
a total delay equal to 100 Feriods of th2 clock 
osc illator. The speed of the analog-to-digital con
verter limits the clock frequency to 1 megahertz 
producing a minimum total delay of 100 micro
seconds and a maximum of 1 second. 

The output of each flip-flop in the 100-elerncnt 
delay l ine is tapped, and the binary number repre
sented by the state of each stage in the register is 
con nected as one input to a hybrid multiplier. The 
second input to the multiplie rs is the analog input 
signal on channel B, also amplified to approach 
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Acoustical system driven by a white noise source. 
Crosscorrelating the microphone output with the 
original source yields the syst em's impulse response in 
lowe r trace . The complete transfer function of the system 
1s described by this si ngl e trace. 

the point of overload. 
The output of each multiplier is crated bv a tran

sistor switch Qn so that, in effec~, time , mav be 
suspended. This feature is useful where cm:rela
tions are des ired on pulsed signals with low duty 
factors. The correlator is dormant during the gated
off p eriod. After gating, the signal, A(t-nT)B(t), is 
averaged in a simple resistor and caprrcitor ci rcuit 
with a sufficient time constant to obtain goocl 
integration. ' 

To read out the results. the charge on each of 
the 100 memory capacitors, C, is nondcstructivclv 
sampled by semiconductor switches, Q,, that ar~ 
turned on in sequence along the memorv line. The 
sequencing is controlled hy a pair of ciecade ring 
counters driven by a readout rate oscillator. The 
readout rate has no hearing on the operation of 
the instrument and can he adjusted to he c0m
patible with the readout instrument; slow for an 
x-y recorder and fast for an oscilloscope presenta
tion . Output smoothing is available so the 100 dis
crete output points can he made into a continuous 
curve. This is useful when complicated functions 
are to he ohscr\'ccl. as demonstrated hv the cor
relation fnnct;on lwt\\Tl'll the input anci' output of 
a lumped-parameter clclay line on page 80. Con
necting the discrete points with a smoo th line 
makes it easier to interpret the function. 
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Peering from their orbits in space, RCA-built units of th e 
first global operational weather system report contin 
uously on atmospheric conditions around the world . In 
these Tl ROS-type weather - watchers ESSA - 1* and 
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Computers 

Wiring design helps core memory 
work at rapid cycle time 

An unusual layout in a 2112-dimensional organization gives a ferrite-core 

computer memory a 500-nanosecond cycle, and keeps cost down 

By Alexander Elovic 
Electronic Components Division , Burroughs Corp., Plainfield, N.J . 

Can a ferrite-core memory's cycle time be pushed 
well below a microsecond without boosting the cos t 
an unreasonable amount? This qu es tion confronted 
engineers al the Burroughs Corp. Their answer was 
a new des ign that allows a memory of 8,192 twenty
bit words to read and \\Tite in only 500 nanosec
onds. The design clips more than 100 nanoseconds 
from previous speeds for memories in this size 
range. 

~············ · ···-·· ·,..,. .. ,. ...... . 

· I · f l''ll'IJlll' 

One des ign considered by the engin eers was 
the conventional 3-dimensional 4-wire design. :\1any 
large memories havP this organization [see "i\'l em
ury organizations," p. 85]. But certain problPms 
cropped up. They grew more serious when engi
neers worked with a cycle time of less than on e 
microsecond. The most serious diffi culties, which 
ruled out furth er consideration of the 3-D organiza
tion , were the distributed capacitance hetwePn the 
drive and inhibit wires, and the additional time 
that the inhibit pulse imposed on the cycle. 

Another approach considered by Burroughs was 
the 21/2-D configuration. This design eliminated the 
inhibit difficulties, but other problems inherent in 
all high-speed memories appeared. First, the drive 
wires can resemble transmission lines if th ey are 
physically or elec trically too lon g. Transmission 
problems were skirted by designing th e memory so 
the wires were physically short and by keeping the 
inductance and capacitance on the lines as low as 
possibl e, thus minimizing their electrical length. 

Second, the ferrite cores , if forced to switcl1 back 
and forth too rapidly , can overheat, and heating 
seriously affects the magnetic characteristi cs of the 
ferrite material. Attaching the cores to an aluminum 
ground plane, which serves as a heat sink. overcame 
the hea ting problem. 

The simples t layout for the bit plane-which con-
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Core array for half of the 2 1/ 2 ·0 memory. Every small 
black square is a 32-by-32 group of cores with its own 
sense winding . Each group of eight small squares is 
one 32·by·256 bit plane, and has 16 bit windings 
making round trips through 32 rows. The entire 
memory comprises 20 bit planes on two ground plates, 
with 256 common word windings. 
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Sense winding run parallel to 
word windings, not bit winding s 
as in some 21/ 2 -D memories. 
This diagram of a 4-by-4 array 
illustrates the winding layout and 
the "bow-tie" pattern . The inset 
shows how t he bit line, lying 
bet ween t he sense and word 
lines, reduces coupling between 
them. 

W2 

SE NSE 
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W3 

tains one bit of every word in th e memory-is a 
square or nearly square array. But in a 2112-D mem
ory the word winding must necessarily be much 
longer than the bit winding. The engineers reasoned 
that the bit plane cou Id be made a long, narrow 
rec tangle redu cing th e number of bit drive circuits 
and shortening the word winding cons iderably. 

The engineers redu ced inductance of the word 
and bit lines in two ways: th ey ran th em close to 
the ground plane, thu s putting the heat sink to 
double use; and they kept the bit line within the 
bit plane. Th e latter not only reduced loop induct
ance of the bit line, but eliminated the need for 
many solder connection s required if the bit line 
was routed through more than one bit p lane. And 
they reduced the capacitance of the word line by 
driving it from an unreferenced transformer instead 
of directly from th e driving circuit. 

The result "vas th e new fe rrite-core memory 
module, which can be co mbin ed into memory sys
te111s of almost unlimited word lencrth and capacity. 

_One less wire 

The 2112-D organization was selec ted for the new 
memory primarily for technical reasons ; cos t advan
tages were considered secondary. One technical 
advantage is the need for fewer wires through each 
core. Jn the 3-D organization, four wires pass 
through each core-the x-wi re, the y-wire, the in
hibit wire and the sense wire. Both the x-wire and 
the y-wire thread through their corresponding row 
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and column in each bit plane. In the 2112 -D organi
zation, only three wires go through each core-the 
word wire, the bit wire and the sense wire. On ly th l' 
word wire must pass through the corresponding 
colu mns in each bit plane. The bit wire terminates 
w ithin the bit plane. 

The inhibit wire limits the speed of the 3-D sys
tem in three major ways. First, the distributed ca
pacitan ce causes degradation of the waveform, a~ 
described previously. Second, a voltage tran sition 
on the inh ib it line indu ctively and capac itively cou
ples unwanted signals into the sense lin e. Third, 
the current pulse on the inhibit line affec ts a ll th e 
cores in the plane and induces delta noise in the 
sense winding. Delta noise is un cancelled noise 
from half-selec ted cores arising from the difference 
in slope between the top and bottom of the hystere
sis loop; it is caused by selection currents as well as 
inhibit currents. Both th e coupled-in noise and the 
delta noise impress unwanted signals on the sense 
winding, so that a significant interval of time must 
pass before the sense line recovers from th e im
pressed noise and can again detec t des ired signals. 

The inhibit pulse must rise before th e coordinate 
drive pulse rises and fall after the latter fall s, re
quiring additional cycle time. In the 2%-D memory 
organization, if a zero is to be written in th e core, 
the current pulse on the bit drive lines is simply 
omitted during th e write portion of the cycle. No 
bracketing or overl ap of the pulses is necessary, 
reducing the cycle time. 

An additional advantage realized by having on ly 
three wires through each core is that smaller cores 
can be used. Smaller cores require less drive cur
rent for a given switch time. In the 2V2-D memory 
shorter wires threading fewer cores increase speed, 
because tbe propagation delays are shortei:. 

The single major advantage of 3-D organization 
is the ecouomy in drive elements when compared to 
2-D and 21h-D organization . This advantage, how
ever, is less significant and may disappear entirely 
when attempts are made to in crease both the speed 
and size of 3-D memories. Large 3-D memories need 
relatively long drive lines, requiring Jong sign al 
propagation times . For high speed, th e 3-D memory 
mu st be divided into small er segments , each with 
its own complement of drive and sense circuits ; and 
up goes the cost. 

Less noise, less delay 

The new memory's cycle time is short partl y be
cause arrangement of the core windings and their 
connections to drivin g circuits are des igned to min 
imize the recovery time from noise coupled into th e 
sense winding. Ideally, cycle time would be exactly 
twice the switchin g time of a single core-one 
switching action to fe tch data and a second one to 
store new data or regenerate th e old ; in practice, 
the cycle time of any memory is longer because of 
address decoding, current rise times and the need 
to overcome noise coupling. 

Address decoding and memory drive c ircuits 
were de.signed to reduce circuit delays as mu ch as 
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Memory organizations 

Computer memories can be organ ized in a number 
of different ways. 

The most straightforward organization is called 
2-d imensional or linear select. A 2-dimensional mem
ory has all bits of one word in one p lane. Two 
orthogona l sets of wires thread the p lane, 8S shown 
at right ; one set contains a wire for each word in the 
memory and the other set includes a wire for each 
bit in a word. At each intersection of the two sets, 
one word wire and one bit wire pass through the 
hole in a toroidal ferrite co re. A third set of wires , 
the sense wires, is paralle l to the set of bit wires 
and threads a ll the cores . 

To fetch data from a 2-D memory, a full current 
(s trong enough to switch to 0 a ll the cores that it 
th reads) fl ows along the selected word wire. Cores 
t hat switch because they stored 1 bits generate volt
age pu lses in the sense wires. To store data, h8lf 
the current passes in the reverse direction along the 
word wire and another half current passes along 
those bit wires thread ing cores that are to store 1 
bits. T he two currents combine to set the proper 
co res to the 1 state ; where on ly the half current 
flows , the cores remain unswitched . 

A 2-dimens ional memory organization is expensive 
because for high speed a capacity of 211 words re
qu ires 211 dr ive elements . 

A 3-dimensional, or coincident-current, memory 
cons ists of a series of stacked planes as shown at 
right ; each plane contains one bit in each word 
in the memory. In each plane two orthogonal sets of 
w ires permit any co re in the plane to be addressed ; 
the corresponding wires in all the planes are con
nected in series to select all the bits in a single word . 
In each plane a sense wire detects the change in 
magneti zation of any core in that plane. An inhibit 
wire opposes the current in one of the two select 
wires when a zero is to be stored in the se lected 
core in that plane. 

To read data from a 3-D memory, a half cu rrent 
passes a lone one ,,·ire in each of the two orthogonal 
se ts , in such a d irect ion as to switch to 0 a ll cores 
that thev both thread . Again , cores that switch gen
erate voltage pulses in the sense wires; where onl y 
the half current fl ows, the cores remain unswitched. 
To wr ite data, a half current runs throu gh each of 
the two wires in the reverse direction, switchin g 
co res to the 1 state except where the inhibit curren t 
opposes them. An inhibit pulse leaves a 0 stored 
in the core. · 

The 3-dimens ional organiza tion requires man y 
fewe r drive elemen ts than the 2-D arran gement and 
is therefore less expensive; but it is also slower. 

The 2 1/2 -dimensional org8nization like the 3-D, 
is a coin cident-current memory, but it may resemble 
the 2-D more closely in its physica l appear<rn ce. One 
poss ible :urangement is shown at right. Half cur
rents pass th rough the word and bit wires in the 
proper di rection to switch the desired co re to the 
0 s tate vvhen re;~ding or the l state when writing. 
To store a 0 , the half current in the bit wire is 
omitted; no inhibit wire is needed. Sense wires 
thread the cores to detect one bit of every word 
sto red in the memory; their exact arrangement varies 
in cl iffe rent des igns. 
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Two-d imensional memory plane. 
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2 1/z-dimensional memory combi nes 2- D and 3-D features. 
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the state of the sern iconduc.:tor art perrnit ted . 
The rise an d fall tirnes of th e current waveforrns 

account fo r a significant portion of the over-a ll 
memory cycle tirn e. In the new memory, indu ctance 
of the bit wire is kept down an d the current ri se 
time redu cec.l by threading each bit wire through 
two immediate ly ad jacl'nt rows of cores, as shown 
on page 84. Thi s minimizes the loop area en
closed by th e " ·ire an d also prov ides a very short 
re turn pa th for the bit currents. The indu ctance is 
further redu ced by keeping both wires close to th e 
~round plane. Loop inductan ce is onl y 0.9 micro
henry, as a result; with out the ground pl ane it 
would be 1.7 µh. 

T he selectl'd bit lin e and word lin e intersec t a t 
two cores because the bit wire loops back. The 
polarity of the bit cmrent is always the same; the 
phasing of the word current relative to the bit cur
rent de termines which of the two cores is selec ted. 
Loopin g back the bit lin e saves half the bit drive 
circuits. 

Voltage and current trans itions on the drive 
lines are capacitively and indu ctively coupl ed as 
no ise into the sense lines. In some des igns the ri se 
of the word and bit curren ts is staggered to redu ce 
the e ffec ts of thi s coupling and of delta noise, 
lengthening the cycle. In the new %-microsecond 
memory, this staggerin g is not needed fo r three 
reasons: first, the sense lin e is perpendicu lar to 
the bit l ines and parallel to the word lines, as shown 

on page 84. This greatly redu ces th e capacitive and 
inductive couplin g between bi t and sense lin es. Sec
ond, capacitive coupling between the word and 
sense lines is significantly redu ced by driving th em 
through transformers whose secondary windin gs 
arc not grounded or otherwise referenced ; they arc 
elec tri ca ll y fl oa tin g. Th e tran sformer drive also cuts 
propagation delay by about half by providing a 
balanced drive. T hird , the indu cti ve couplin g be
tween the word and sense lines is minimized by 
p lac in g the bit lin es between them, providing ex tra 
physical separation (see inse t, p. 84). 

The amount of delta noise depends on the m1m
bcr of cores coupled by th e sense lin e and it·s 
configuration . The more nearly square the core 
array for a given number of cores, th e less delta 
noise is generated. For th ese reason s a square core 
array of 32 bits by 32 was se lec ted for the memory 
des ign. 

Columns and rows 

The photograph on page 83 shows how the 
%-mi crosecon d memory stack is put togeth er. Each 
of tllP small sf1uares is one of the 32-by-32 array of 
cores; each array is threaded by a single sense 
wind ing. Eight arrays in a hori zontal row form a 
256 by 32 bit p lane that conta ins 8,192 cores , cor
respondin g to one b it in each of 8,192 word s. \ Vor<l 
wires enter the array on the 256 side; bit wires on 
the 32 side. The ten horizontal rows-mounted 

TO OTHER TRANSFORMERS 
6 MORE SETS 

POSITIVE WORD 
DRIVER 1 

WORD LINES 
W2 THROUGH W7 

WORD LINES WORD LINES WORD LI NES 
WIO TH ROUGH WIS Wl8 THROUGH W23 W26 THROUGH W3 1 

Unreferenced seconda ry windings of transformers generate the word current for t he 2 1/ 2 -D memory. Th e fl oating 
secondaries reduce capacitive coupling to the sense wi nding and provide a balanced drive to the word winding. 
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BI T DRI VERS 
0-3 

BIT DR IV ER S 
4 -7 

BIT DR IVERS 
8 -11 

BI T DRIVERS 
12 -15 

DATA 
SW ITCH 

- v 

RETURN SWITCHES 
3, 7, 11, 15 

RET URN SWITCHES 
2, 6 , iO, 14 

RET URN SW ITCHES 
1, 5 , 9 , 13 

RETU RN SWITCHES 
0, 4 ' 8, 12 

Eight bit drive circuits provide either positive or negative drive 

- V to sixteen bit lines through a matrix arrangement. The ci rcuit inputs 
are transformer secondaries; the prima ries of 20 transformers are 
connected in series to insure that all 20 bits in a memory word are 
fetched or stored simultaneously. The inductance shown across 
the secondary winding turns off the transistor quickly. 

on a single base plate- contain ten b its in all the 
words. T wo base pla tes together make up the com
plete 1/2-microsecond memory of 8,192 twenty-b it 
words; the 256 word wires con tinue through the 
two pla tes. 

The cores in the memory are of 0.020-inch outside 
diameter and 0.012-inch inside diameter, placed 
0.025 inch apart center to cen ter. They require a 
nominal 840-milliamperes drive curren t and switch 
in 120 nanoseconds. Their output waveform is 
shown below. 

Word and bit drivers 

The ungrounded secondary winding of a trans
fo rmer drives each of the 256 word lines in the 

Output waveforms reading a cont in uous series of l 's. 
The scale is 40 nanoseconds per division. 

Electronics I October 31 , 1966 

memory, reducing capacitive coupling to the sense 
lines. E ach transformer has two primary windings
one provides curren t for read ing and the other for 
writing; the two currents are of opposi te polari ty. 
The transformers are arranged in two conventional 
matrixes of 8 by 16 tran sform ers each, as shown 
on the opposite page; two separate matrixes present 
a smaller loop inductance to the word drive circuits 
than one large matrix. One cons tant-curren t driver 
and one switch turn on to read or write one word. 
Propagation delay in the word line is less than four 
nanoseconds. 

Bit drive circuits are shown in the diagram 
above. Each group of 16 bit lines is driven b y its 
own 16-way switch matrix. Baluns are u sed in 
the drive circuit, one balun for each bit line to 
limit power di ss ipation of the driver switches. The 
20-bit memory contains 20 of these matrixes. Each 
group of 16 lines doubles back through adjacent 
rows of cores to provide the 32 bit lines in the 256-
by-32 core group. The inputs to the drivers are 
another set of transformer secondaries; the trans
former primaries in corresponding drive and switch 
circuits are connected in series to insure that cir
cuits turn on simultaneously and minimize the 

R7 



+v 

FROM OTHER SENSE AMPS 
+v { 

+v 

I I 
I I 
I I 

READ 
STROBE 

TO 
MEMORY 
DATA 
REGI STER 

Sense amplifier connects eight sense windings to a single 
strobe gate through emitter-followers whose outputs 
share a common load. Differential preamplifiers (one of 
whi ch is outl ined in color) drive the emitter followers. 
Th is configuration keeps down the cost of sens ing the 
many small sense sections in the memory. 

number of decoding circuits. Corresponding drive 
an d switch circuits turn on in all 20 matrixes to 
read or write one word. The current-limitin g re
s istors (marked C.L. in the diagram) determine the 
current in each line. During the cycle's write por
tion, an independent data switch in each bit matrix 
controls whether a l or a 0 is written into the 
se lected bit; if the data switch is not turned on, no 
current is available for the bit line. The propaga
tion delay in th e bit line is two nanoseconds . 

Sensing data 

Each sense wire is threaded through only a 32-
by-32 array to make the 500-nanosecond cycle time 
possible. The small sense section requires eight 
sense preamplifiers per bit, or a total of 160 sense 
prcamplifiers in the memory; their cos t must there
fore be low to keep the cos t of the entire memory 
from ge tting out of hand. 

A schematic of one sense amplifier is shown 
above, with the connections of seven oth er pre
amplifiers indicated to produce a s ingle bit out
put. Th e input passes through a tran sform er con
nected as a balun to eliminate common-mode noise. 
The differential s tage, outlined in color, is a hybrid 
ci rcuit made of discrete tran sis tors and screen
printed thick-film res istors on a ceramic substrate. 
The base-to-emitter voltage and other parameters 
vary from tran sistor to transistor; to compensate for 
these critical variations, the collector operating 
point and small-s ignal gain are adjus ted by trim
min g the res istors . 

Following the differential stage is a pair of emit
ter followers with com mon emitters and a single 
load resis tor. This configura tion combines the ou t-
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pu ts of the differential stage's two sides as in an 
OR gate. Seven oth er em itter-follower pairs are con
nected to the same co mmon load, bringing the 
outputs of the eight sense windings and eight pre
amplifiers to a single com mon point. Onl y one of 
the sixteen emitters will be active at any one time, 
because only one core in each bit plane switches at 
one time. A strobe gate samples the signal at th e 
common point to reduce still furth er the likelihood 
of false outputs generated by noi se. The strobed 
and clipped signal is then made available to the 
memory data register, 

Packaging for speed 

Memory speed depends to a great ex tent on the 
packaging arrangement, b ecause packaging affec ts 
line lengths , grounding and voltage distribution , 
among other things. 

The entire memory is mounted on two aluminum 
base plates th at serve both as a hea t sink and a 
ground plane. Th e cores are secured to the plate by 
a silicon and magnes iu m-ox ide mixture th at trans
fers heat from the cores to the plate. 

Bit selec tion d iodes and b aluns arc mounted on 
printed-circuit b oards that plug into the connectors 
along the side of th e core array. In the photo on 
page 83, part numbers arc visible on the sides of 
these connectors ; in place the cards projec t toward 
the array's center, covering up the cores. The bit 
drive circuits are placed on other printed-circu it 
boards that lie Hat on top of the cards carrying the 
diodes and baluns; connectors es tabli sh contact 
between the boards. Th e word drive ci rcuits are on 
p-c boards that plu g into th e connector array at one 
end of the core array. Boards carryin g th e sense 
amplifiers are conn ected in th e fram e that holds the 
res t of the assembly; these connectors arc not vis
ible in the photo. This assembly provides the 
shortes t poss ible interconn ections. 

Voltages are distributed on strip-lines fabri cated 
as part of the printed-circuit cards th at carry drive 
and sense circuitry. The strip-lines reduce the lia
bility of noise sp ikes and the need fo r filterin g. 
Critical time pulses-the read s trobe signal , for 
instance-are also distributed on s trip-line. Thi s 
line has a propagation time similar to that of the 
word current through th e core array, so that the 
strobe pulse and the memory output remain fi xed 
in time relative to each other throughou t the entire 
memory. 

The entire memory measures 261/2 by 19% 
in ches, and the complete assembly is 41/4 inches 
thick. These measurements include th e core arrays , 
the ground planes on which they are mounted, the 
surroundin g drive and sense circuitry, and the sup
porting frame. 

The author 

Alexander Elovic is the manager of memory systems 
at the Electronic Components division of the Burroughs 
Corp. He has had the job for about a year, having 
previously been the director of engineering 
at Indiana General Corp. 
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Semiconductor Report rl 
SILICON POWER DEVELOPMENTS FR 0 M MOTOROLA 

ELIMINATE TRANSFORMERS, CUT 
COSTS WITH ECONOMICAL 
PNP/ NPN COMPLEMENTARY 
CIRCUITS! 

You can design direct-coupled com
plementary circuits which eliminate ex
pensive transform ers and reduce costs 
by combining Motorola PNP and NPN 
silicon power transistors. Complemen
tary designs furnish a high degree of 
frequency stability and re liability as 
well as the ability to drive both ac and 
de loads. 

.--' NOW, PNP SILICON POWER 
TRANSISTORS TO 30 AMPS ... 

An industry "first", Motorola's 
new 30-amp PNP silicon power tran
sistors let you choose the optimum 
d evice for your application from the 
widest array of PNP transistors 
available - with collector currents 
ranging from 1 to 30 amps in three 
package configurations! 

The 10-watt servo amplifier below ex
emplifies the many applications which 
can be served by complementary cir
cuitry. Higher power outputs can be 
achieved with minor c ircuit mod
ifications and by the substitution 
of co mp one nts capa bl e of handlin g 
greate r power. 

\. 

Po 
CASE @ 25•c 
TYPE case 

200W 

T0·3 
150W 

T0-66 20W 

T0-5 5W 

175W 

T0-3 120W 

sow 
T0-66 20W 

T0-5 5W 

T0-5 

Use t hese PNP silicon d evices for 
direct replacements of germanium 
transistors in existing sockets or with 
Motorola NPN silicon types to pro
vide efficient low-cost, reliable com
p l e m en ta ry circuits. Both PNP 
a nd NPN categories are avai l 
able in these premium a nd economy 
versions: Circle 296 

on reader service card 

IN'Dlll !l) 
H f/ 

*It may be necessary to adjus t this resistor to 
establish pr81>er quiescent current (10-30mA) in 
the outJ>ut stage. 

PREMIUM TYPES ... Vcw - 60 & 80V COMPLEMENTARY SERVO AMPLIFIER 

le( max) 
(cont.) PNP NPN 

30A 2N4398·99 -
2N3789-90 2N3713-14 

lOA 
2N3791-92 2N3715-16 

3A 2N3740-41 MJ5203-04 

lA 2N4235-36 2N4238.39 

Typ h" @ le 

15·60 @ 15A 

25-90 @ lA 

50·150 @ lA 

25-100 @ .50A 

30-150 @ 0.25A 

Vce {ut)@ le 

l.OV @ 15A 

l.OV @ 5A 

0.6V@ lA 

0 .6V@ lA 

Driving 20Vrms into a 40fl load, this 
circuit pnvides a lOW output. The 
voltage-gain is 37dB ± ldB (at 25 °C). 
"Gain" variations are less than± 0.5dB 
(frnm -55 to + I00°C). Power-gain is 
60dB (min) . The circuit has a 15K fl 
input -imp edance whi le it s output
impedance is und e r l fl. 
NOTE: All resistors ± 53 - Ih watt 

(unless otherwise specified). 
ECONOMY TYPES ... Vceo - 40 & 50V Motorola has prepared an informa

tive series of Application otes on both 
audio and servo amplifier complemen
tary circuits. These comprehensive re
ports are yours for the asking. See your 
local Motorola representative or 
write: Technical Information Center, 
Motorola Semiconductor Products Inc., 
Box 955, Phoenix, Arizona 85001. 

30A MJ450 

15A MJ2901 

5A MJ490 

3A MJ3702 

2N4234 
lA 

MJ430 

- 20 min @ lOA l.OV @ lOA 

MJ2801 15-60@ 8A l.5V @ 8A 

MJ480 20 min@ 2A l.OV @ 2A 

MJ5202 20-100 @ .50A 0.6V @ lA 

2N4237 30-150 @ 0.25A 0.6V @ lA 

MJ440 25-150 @ 0.25A 0.5 @ 0 .75A 

Circle 297 on reader service card 

MOTOROLA Semiconductors 
- wlzRM, tk p!Uee!eM .ifu/Mdient ij ~/ 
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A periodical periodical designed, quite 
frankly , to further th e sales of Microdot 

connectors and cables. PuLlishcd entirely 
in the interest of profi t. 

WIN 

Lepra/Cons Unite! 
In celebration of the introduction of the 
highest density coax rack and panel and 
multi·pin connectors on the market today 
(th e broadened Lepra/ Con line), Microdot 
is awarding to five lucky winn ers (see 
contest rul es be low) five simulated gold 
pots (of th e chamber variety) with your, 
repeat your, name emblazoned th ereon . 
Perfect for desk top decoration. 
First, let 's talk Lepra/ Con. 

- ....... ., 

Through its stringent policy-"Never 
Look Back, Th ey May Be Gaining On You" 
-Mi crodot has expanded its Lepra/ Con 
line of ultraminiature connectors ... tiny 
little coax jobs with an OD of only Ya inch 
and a mated length of on ly one inch. 

90 

But wh y stop there. 
Now there's the Lepra/ Con multi-pin 

... all crimp, no solder; high density; uses 
Twist/ Con pin contacts; low cost; and 
it's the smallest full 50 ohm coax avail
able today. 

Now there's the Lepra/ Con Twist/ Con 
/ say it fast fifty times) which combin es 
all of the above advantages in a rack 
and panel coax conn ector. 

Circle 90 on reade r service card 

Now there's the slide-on Lepra/Con fo r 
singular ease of installation. 

A nd, of course, th ere is st il l the ol d 
Lepra/ Con (if you can call si x months 
old). 

~HOWTOWIN 
YOUR POT OF GOLD 

1. First. of course, decide whether you 
actually want a pot of gold. In all likeli
hood, you r place of employment has far 
more up-to-date facilities. However, if you 
decide a pot is for you, go to step two. 

2. Write down all the applications you 
can think of for the Lepra/ Con line on 
your job. And think about it. There are 
probably more than the twelve you can 
jot down immediately without hardly 
thinking at all. 

3. Call your Microdot representative 
directly or drop him a note giving him 
all your suggested applications, your 
name, company, title, address and tele
ph one number. Do not call or write 
Microdot. We only make connectors. Our 
reps sell them. Hopefully. 

4. A jury of six will judge all entries for 
origi nality, number of applications and 
neatness. Th e five best will each be 
awarded the simulated gold 
pot (of the chamber variety). 

5. All entrants will win a 
free picture of our beloved 
Candy inscribed passion
ately and personally to you. 

6. This whole shoddy affair 
draws to an end on Decem
ber 31 , 1966. Happy Nel'{ 
Year! 

7. This entire offer is not 
v alid in any state , 
county, township or 
ward where such carry
ings-on are generally 
frown ed upon. 

Alabama, Tennessee 
REP, INC. 
8100 South Memorial Parkway, Huntsville 
205·881-9270 
A rizona 
COMPAR ROCKY MOUNTAIN AG ENTS, INC. 
84 West First Street, Scottsdale 
602·947- 4336 
California (Northern) 
PETERS-de LAET INC. 
1606 Rollins Road, Burlingame 
415-697-1800 
Canada 
DOUGLAS RANDALL (CANADA) LTD. 
126 Manvi'le Road, Scarborough, Ontario 
416·421-5970 
Colorado 
COMPAR ROCKY MOUNTAIN AGENTS, INC. 
300 E. Hampden, Suite 315, Englewood 
303-781 ·0912 
Florida 
GEARTNER ASSOCIATES, INC. 
235 Lincoln Road, Miami Beach 
305·531 ·0200 
GEARTNER ASSOCIATES, INC. 
2101 Mohawk Trail, Maitland 
305-64 7-4000 
Georgia 
REP, INC. 
1483 Monroe Drive, N.E., Atlanta 
404·876-1591 
Illinois, Wi sconsin 
CARLSON ELECTRONIC SALES 
7448 North Harlem Avenue, Chicago 
312-774-0277 
Indiana 
0. E. M. SALES COMPANY 
4165 Millersville Road, Indianapolis 
317-545-1267 
Kansas 
IMPALA, INC. 
6917 W. 76th Sl1eet, Overland Park 
913-648·6901 
Long Island 
MICRODOT INC. (Phil ip J. Dolan) 
P.O. Box 815, Westbury 
516·333·4664 
Maryland, Vi rgin ia, W ashington D .C. 
WA RREN MOU NT CO. 
7735 Old Georgetown Road Bethesda 
202-657·9312 ' 
Michigan 
ROMARC 
696 Adams, Plymou!ll 
313·455-0300 
Minnesota, Iowa 
HOWARD W. CA RLSON 
100 N. 7th Street , Room 606, Minneapol is 
612-336·2236 
Missouri 
IMPA LA, INC. 
47 Vill age Square Shopping Center, Hazelwood 
314-522·1600 
New England 
MICRODOT INC. (Ernest W. Smith) 
P.O. Box 309, Bedford 
617·244·8434 
New M ex ico 
COMPAR ROCKY MOUNTAIN AGENTS, INC, 
2125 San Mateo Boulevard N.E., Albuquerqu e 
505-265· 1020 
New York 
ADVANCED COMPO NENTS CORP., INC. 
119 Luther Avenue, Liverpool 
315· 472·7886 
Ohio 
RICHARD P. CA LHOUN & ASSOCIATES 
40 Southmoor Circle , Dayton 
513·299-4144 
Pennsylvania 
WA RRE N MOUN T CO. 
837 State Road, Andalus ia 
215· 788·2272 
T exas, Arkansas, Lou isiana, Oklahoma 
ROBERT R. THOMAS CO. 
8616 Nort hwest Plaza Dri ve 
Suite 207, Dallas ' 
21 4-363-8591 
ROBERT R. THOM AS CO. 
4031 Broadway, Suite 105, 
Houston 
713-644-2369 
Washi ngton, Oregon 
RAY OVER SALES 
1615 103rd Avenue, S.E., 
Bellevue 
206-454 -9187 

MICRODOT 
INC. 
220 Pasadena A venue 
South Pasadena, Calif. 91030 
Twisl/Con and L<:pra/Con are reqistcrcd tradr!marl<.s 
of Microdot Inc. 
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Communications 

Double phase-shift keying 
speeds data over voice channels 

Integrated circuit modem eliminates synchronizing pilot tones 

in transmiss ion of dig ital data by simultaneously phase modulating 

binary data and bit-timing signals on the carrier 

By Martin Poppe ':' 
Electronic Communications, Inc., St. Petersburg, Fla. 

Phase-shift keying a carrier signal two times pro
vides ex tra dividends when it's necessary to trans
mit digital data over ordinary voice communica
tions. Th e carrier's phase is shifted once to des ig
nate the bit time and once to indica te whether the 
data transmitted is a binary 1 or 0. 

The shift representing bit timing-the novel fea
ture of the techniqu e-allows the receiver's de
modulator to synchronize quickl y with the tran s
mitter's modulator. This eliminates the need for 
other synchronization aids, such as closely con
trolled amplitude modulation of the carrier signal 
or pilot tones . Th e bit-timing method can be used 

. with amplitude-insensi tive channels. The technique 
also permits the accurate reception of data over 
channels whose quality is impaired by frequency 
translation due to poor tuning or the doppler shifts 
in frequ ency that result when the receiver, trans
mitter or both arc moving. 

~ fost of th e circuit functions required for modula
tion and dcmodu la ti on arc digital, allowing the 
modems (modulator-demodulator equipment) to be 
built almos t entirely of monolithic integrated cir
cuits. A prototype modem on a single printed-

• Now with the State Un iversity of New York, Stony Brook 

The author 

While at Electronic Communications, 
Inc., Martin Poppe designed space 
communicat ions systems. He is 
now an inst ructor at the State 
University of New York, where he 
is continuing his graduate studies. 
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circuit board totals only 30 cubic inches, excluding 
its power supply. The nominal data rate of this 
breadboard mode l is 1,300 bits per second, a rate 
compatible with any standard voice channel hav
ing a bandwidth of 3 kilohertz. 

Th e simplicity, reliability and small size of such 
modems make them suitable for aircraft, space and 
portable commu nications systems . \Vithin the 
modem phase-shift keying (PSK) uses transmission 
power very effici ently. For example, a PSK signal 
transmitted through a channel with white gaussian 
noise requires only half the power of frequency
shift keying (FSK) for a g iven error rate because a 
PSK sys tem can tolerate a signal-to-noise ratio 
approximately 3 decibels lower than an FSK. 

Bit t iming by the angle 

To genera te the phase-shifted signal and to time 
it before transmission , the encoded data and a 
clock modulate a signal generated by a master oscil
lator as diagramed at the top of the next page. 
The output signal is a single-frequency carrier 
that has been phase shifted twice. 

• First, the unmodulated carrier is shifted to a 
phase ± 5° with respect to an arbitrary phase refer
ence. It shifts + 5° on even bit times as in the 
timing diagram of the encoded data on the bottom 
of the next page. The demodulator in the receiver 
recognizes the 10° phase shift as the dividing line 
between two bit times . 

• Second, the data information is processed in 
the modulator so that the carrier is phase shifted 
an additional + 180° or 0°, depending on the input 
binary data . Phase shifting occurs synchronously 
with the ±5° bit-timing shift ; therefore, the output 
signal may have one of four phases , +s0

, -5°, 
185° or 175°. The amoun t of shift from bit time to 
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MASTER 
CARRIER 
OSCILLATOR 

CLOCK 

DATA 

BIT -TIMING 
PHA SE 
MODULATOR 
± 50 

BIT- TI ME 
FLIP-FLOP 

DATA 
ENCODER 

DATA 
PHASE 
MODULATOR 
0° OR 1so 0 

INPU T 
FRO M 
DATA 
ENCODER 

OUTPUT 
FILTER 

Digitally controlled modulators in the coherent phase
shift keyed t ransmitt er provide an encoded output signal. 
Double phase-shift keying transmits both t imi ng and 
input data on a single-frequency carrier. 

bit time operates the decoding logic in th e demo<l
ula tor of the receiver. 

Ambiguity in the received data is prevented by 
shiftin g th e phase with logical rules , rather than 
merely assign ing one phase to a logical 1 and the 
opposite phase to logical 0. The encodin g of a 
sample series of data bits in the diagram shown 
below illu stra tes th e differential encoding rulcs.1 

Only input data in the form of logical O's change 
the sta te of the encoder; input logical l 's do not 
affect the encoder's output. Thu s, th e receiver does 
not have to de termine th e initial state of the 
encoder. 

Encoding the output 

Su ccess ive input l's in the second and third col
umn in th e diagram produce no change in the en
coder output, but three success i\'e O's in the in put 
data , in th e fourth through sixth column s, result in 
success ive chan ges in the s tate of the encoder ou t
put. The changes arc superimposed on the timin g 
phase shifts and arc tran smitted as 0° or 180° phase 
shifts of the carrier frequency relative to the refer
ence signal. Because the bit information is repre-

INPUT DATA 0 1 1 

EN CODED DATA 0 0 0 

CARRIER PHASE AFTER ~ 
BIT-TIME MODULATIO N 

~ 
oo -- --
-'---1 - -

CARRIER PHAS E AFTER 100° --- -- - ---
BIT-TI MING AND ENCOD ED 

_____, 
--- --- ---

DATA MODU LATION ~ 
oo --- ---=--- --

scntcd by the time at which phase changes occur , 
it docs not matter wheth er the first bit cau ses a 
phase ad\'ancc or delay. 

The transmitter shown on page 93 accepts non
return -to-zcro (:\HZ) data at a rate of 1,300 bits 
per second plu s a return- to-zero (HZ) clock signal. 

Two se ts of signal s are generated by the carrier 
generato r. One, a delayed se t, provides signals of 
-5° an d 175° relative phase. The other, an ad
vanced set, provides signals of +s 0 and 185° phase. 
Bit-tim ing modulation is accomplished by switch
ing the carrier input on altern ate bit times between 
the ach ·anecd phase set and the delayed phase se t 
of carriers. Gates , driven by a Rip-Rop, switch the 
carrier " ·lw n triggered by th e clock signal " -hi ch 
supplies one pu lse for each bit. 

The clock signal to the encodina flip-flop is gated 
by the input data. \Vhen the input is a 1, the gate is 
disabled and the state of th e flip-fl op remain s un
changed. A zero input enabl es th e gate and th e fli p
fl op chan ges s ta te. The encoder flip -Hop's sta te de
ter111ines the final carrier phase representing bit 
ti111ing and encoder output. Th e signal is then low
pass filtered to produce the PSK signal. 

Synchronizing the receiver 

Operation of th e receiver may be broken down 
into two subsys tems: the reference recovery and bit 
ti111c demodulator and th e data demodulator. A 
limiter at the receiver input on page 94 removes 
amplitude variations caused by noise in the com
munication channel and changes in signal strength. 
Th e received s ignal becomes a two-level signal 
processed by di gital integrated c ircuits. 

Demodulation of the PSK signal in th e receiver 
occu rs in the reference recovery and bit-timing de
modulator and requires a reference signal whose 
phase is fi xed with res pect to th e master osci lla tor 
in the transm itter. Thi s reference signal is derived 
from the received binary encoded signal. 

0 0 0 1 0 1 

1 0 1 1 0 0 

- - -- - + 50 
- - - - 50 

-- -- --- --- + 50 
--- --- --- -- --- -5 0 

--- --- --- --- --- + 50 
-- -- --- -- - 5• 

For bit timing, t he encoded ca rrier sh ifts on altern ate bits ei th er + 5 ° or -5° from a 0 ° reference. For signal 
modulat ion, the carr ier shifts either 0 ° or 180° depending upon whether the encoded bit is logica l 1 or log ical O. 
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MASTER 
OSCILL ATOR 

DELAYED 
CARRIER 
SET 
GENERATOR 

CARRIER GENERATOR 

CLOC K INPUT 
----.--- FLIP-FLOP 

.-----a INHIBI fOR --~ 
- 5' 

-----
1

1 HIBITOR 
tl75' 

PHA SE CHANGES 

) 
tS' 

GATE-ENABL E 
SIG ALS 

OR 

tS' OR -5' 

~ 
GATE-ENABLE 
SIGNALS 

EXCLUSIVE 
OR 

OUT PUT 
FI LTER 

DATA MODULATOR 

BIT- TIMING MODULATOR 

ENCODER 
INHIBITOR ,___ __ __, ... FLIP-FLOP 

DATA IN 

GA E-ENABL E 
SIG NAL DATA ENCODER 

Carrier phases shifted four ways by advanced and delayed carrier generators. Color separates delayed carrier 
signal fom the advanced . Clock input controls the bit·tim ing modulator to gate the carrier with the timing 
phase change before transm ission. Subsequently, input information is encoded before transmission . 

Received encoded information is somewhat ran
dom in nature. A single-bit clement of the trans
mitted signal may b e described as: 

A(t) = A,.0 " (w'" t + l\'r. + :\lr. /36) 
where °'" is the carrier frequ ency in radians per 
second; N = 0 or 1, depending upon the state of 
the data encoder; and M = ± 1 depending upon the 
s tate of the modulator. 

Since a random stream of binary coded signals 
contains as man y l 's as O's, its average energy at 
carrier frequ ency is zero. A finite component at 
carr ier frequency is necessary, however, to es tab
li sh a coh erent repetitive refe rence. This is accom 
plished by doubling the input signal frequency.2 

To double the input signal, a frequency multiplier 
generates a pulse every time th e signal goes through 
zero. The pulse width is adju sted so that energy 
concentrates at the second harmonic of the carrier 
frequ ency, making it look like a square wave at 
twice the carrier frequency. 

Ignoring d-c components and multiplier noise, an 
approximate expression for th e resulting signal is: 

B(t) = B cos (2w,.t + ~!r./18) 
This function contain s a carrier compon ent twice 
the initial carrier frequ ency and spec tral lines re
sulting only from phase modulation produced by 
the bit-timing signal. 

To recover the reference carrier and to demod
ulate the bit-timing inform ation, a phase-locked 
loop , as shown in color in the diagram on page 94, 
locks on to twice the carr ier frequency 2'''r· The loop 
bandwidth is narrow so that it cann ot track the 
phase modulation ; the loop control s the frequency 
of an oscillator operating at eight times the des ired 
reference frequency-which is divided until it 
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reaches the carrier frequency. The demodulated bit
timing information is available at the output of the 
reference loop phase de tector:< and is separated 
from the noise b y a second phase-locked loop. 

Demodulating the data 

\\'ith the carrier reference and bit-timing signal 
ava ilable, the abso lute phase of the da ta with re
spect to the reference carrier can be determined. 
The coherent reference signal generated in the ref
erence recovery phase-locked loop is compared with 
the received signal in another phase de tec tor lo
cated in the data demodulation portion of the re
ceiver. The phase of th e rece ived signal may be 
either +s0

, -5°, 185° or 175°. The demodulator 
also contains output logic which re tim es and de
codes th e demodulated data. The data phase de
tec tor, an exclu sive OR logic ci rcu it, puts out a 
logic 0 if th e incoming and reference signal are in 
phase; a log ic 1 if they are of opposite phase. 

An integrator accumula tes this s ignal for the du
ration of a bit interval. The integrator consis ts of a 
binary ripple counter and a gate that de termine 
whether the high-frequency pulses from the volt
age-controlled oscill a tor in the reference recovery 
phase-locked loop may reach the coun ter. 

\ Vhcn the output of the data phase detec tor is 
log ic 0, the total in the counter increases. \\Then the 
output of the phase de tector is a logic 1, the count 
remain s un changed. The count in the binary counter 
is therefore proportional to the time during which 
the input and th e reference signals are in phase. 

The final count in the counter is compared with 
a prese t count to de termine wheth er the received 
signal was in ph::i.se or out of phase with the refer-
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COHERENT PSK 
I REFERENCE RECOVERY PHASE-LOCKED LOOP S GNAL INPUT 

[ J 
FREQUENCY ~LOW-PASS LIMITER [f E 
DOUBLER t-- FILTER 

L ~':;:>--- LOW-PASS 
PHASE r DETECTOR FILTER 

RESET PULSE-
SHAPING 
NETWORK 

L -
DATA ~ GATE~ COUNTER PHASE 

~ DETECTOR 

........... ~--- ---------~ 

COUNTER COMPARATOR 

t--
VOLTAGE-

l-=- FREQUENCY 
._ :~OUENCY n CONTROLLED 

OSCILLATOR 74 

BIT-TIMING PHASE-LOCKED LOOP 

VOLTAGE- FREQUENCY 
1-- CONTROLLED 1-- 72 OSCILLATOR 

SHIFT 

DECISION l 1 OUTPUT 

PRESENT PREVIOUS 

1--1 ELEMENT 
~ 

ELEMENT 
PHASE PHASE 
STORAGE STORAGE 

FREQUENCY ._.._ 
..:... 2 

1-- EXCLUSIVE 
OR 

T 

J--

1--

t ,300 hz 
CLOCK 
OUTPUT 

I ,300 
BITS/SEC 
NRZ 
DIGITAL 
DATA 
OUTPUT 

OU TPUT LOGIC 

Two phase-locked loops in t he rece iver recover t he carr ier frequency for a phase refere nce 
(color) and separate the bit·timing informati on from t he in put data. 

ence signal during the bit time. If final count is 
greater, the input signal is in phase with the refer
ence; if less, the input signal was out of phase. The 
result is stored in the output logic of the receiver. 

To determine whether 0 or 1 was actually sent, 
the phase of the incoming signal element is com
pared with the phase of the previous stored s ignal 
element in the output logic circu its. If th e two 
phases agree, the input bit at the transmitter's 
modulator was a l ; if they differ, it was a 0. 

Evaluating the modem 

The performance of the reference recovery loop 
is evaluated by measuring the operating range of 
input carrier frequencies and the maximum signal
to-noise ratio at which the loop would operate. The 
loop can track over a range of approximately ± 100 
hertz, assuring demodulation of signals that may be 
subject to frequency translation during transmis
sion. The threshold signal-to-noise ratio is the point 
at which the loop begins to rapidly skip cycles.4 

A skip rate of 1 hertz was selected as the threshold. 
This occurs at - 6 db signal-to-noise ratio at the 
input of the data modem. This is in agreement with 
the expected performance, taking into account sig
nal suppression in the multiplier and the noise 
bandwidth of the loop. 5 

The tracking range of the bit timing loop is ± 10 
hz meaning that the modem can demodu late dop
pler-shifted signals. The tracking range can be in
creased if necessary by changing the values of the 
loop components. Loop threshold occurs at 0 db 
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signal-to-noise ratio at the modem input; the bit
timing loop does not limit modem performance. 

The measured error rate is in close agreement 
with the theoretical prediction. u It is thus pos
sible to design a modem using digital techniqu es 
and integrated circuits without degrading per
formance beyond normal impl ementation losses. 

Initial synchronization time of the modern-the 
time between the applica tion of a signal to the re
ceiver and correct demodulation of data-averages 
less than 30 milliseconds. \\ 'orst-casc synchroniza
tion time is about 70 to 100 msec. Short synchroni
zation times arc vital in tactical data systems where 
many short messages are sent between many ter
minals in a limited time. 
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But 99 power transistors, 
36 RF "overlay'' devices, 

and 66 SCRs and Triacs do make 
More than 200 different power devices! 
Each is a reason why you should look 
to RCA as the industry's number one 
source of silicon power, rf power, and 
SCRs and Triacs. And each offers a 
specific solution to your circuit needs
for total power circuit coverage through 
RCA SILICON POWER, a technology 
developed to serve you on all levels. 

99 Silicon Power Transistors-Here's 
where capability counts. Of the many 

major approaches to silicon power 
technology, only RCA uses all of them 
... from Hometaxial-Base to multiple 
epitaxial to diffused planar. This com
prehensive know-how equips RCA bet
ter than anyone else to supply the best 
power transistor for a given applica
tion . And the designer benefits further 
from RCA's commanding position in 
the understanding of second break
down. Whether for high-current, high-

voltage, high-speed, or audio applica
tions, RCA SILICON POWER devices 
lead the way with an outstanding com
bination of ratings ranging up to 50A, 
150W, and 500V. 

36 RF "overlay" Transistors - RCA 
SILICON POWER originated "over
lay," the multiple-emitter technology 
that is revolutionizing rf-power circuit 
design. With RCA's announcement of 
the 2N3375 ( 3W ((f! 400 MHz) in 1964, 

Also Available Through Your RCA Distributor 
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~ i a leader of RCA SILICON POWER 
the reliability and performance of solid
state rf has become a reality for the 
entire communications spectrum . 

..,. ., Today, RCA SILICON POWER con
tinues to pioneer with "overlay" devices , 
such as the T A2675 ( 15W @ 400 MHz ), 
which deliver ·increased power, gain, 
and efficiency for diverse applications 
ranging from mobile radio to CA TV 
to military and microwave communi
cations including space telemetry. 

66 SCRs and Triacs-RCA SILICON 
POWER introduced the 2N3228, the 
first SCR priced under a dollar. And 
today, RCA is making similar advances 
with low-cost Triacs, opening up new 
markets in the booming appliance field. 
From precision control of sophisticated 
radar to the convenience of variable
speed control for hand-held appliances, 
RCA SILICON POWER offers a broad 
line of SCRs and Triacs for half- or full-

- RCA Electronic Components and Devi.ces . ® The Most Trusted Name in Electronics 

I 

~ 

wave applications with current and 
voltage needs up to 35A and 600V . . 

Look into the ways that RCA SILI
CON POWER-and its level of leader
ship - can help you meet your total 
circuit needs. Ask your local RCA Rep
resentative to help you select the type 
best suited to your application. For 
technical data on specific types, write: 
RCA Commercial Engineering, Section 
I Nl0-5, Harrison, New Jersey 07029. 
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0 
off er unique advantages of 

Tektronix split -screen 
bistable storage 
0 NEW TYPE 549 DC-T0 -30 MHz with sweep delay 

and > 5 cm/ps writing speed; accepts letter and 
1-series plug-ins 

EJ EXISTING TYPE 564 DC-T0-15 MHz accepts 2 and 3 
series vertical and time-base plug-ins 

The exclusive Tektronix split-screen, bistable storage feature 

is now available in two oscilloscopes, the new DC-to-30 M Hz 

Type 549 and the familiar DC-to-15 MHz Type 564. 

Both offer the unique ca pability for simu ltaneous storage and con

ventiona l oscilloscope operation, plus general purpose convenience 

and plug - in versati l ity. T hese featu res add up to the kind of value 
you can expect from T ektro nix. 

Tektronix Bistable Storage Offers 
Contrast of a stored trace independent of viewing time 
Brightness of a stored trace independent of viewing time 
Brightness of a stored trace independent of writing speed 

Storage Scope Type 549 Type 564 Type 564 M od 08 

Bri ghtness 2.5 ft. L 6 ft. L 2 ft. L 

Writing Normal 0.5 cm/µs 25 cm/ms 100 cm/ms 

Speed Enhanced > 5 cm/µs > 125 cm/ms 500 cm/ms 

Contrast Ratio > 4 :1 2:1 2:1 

sp lit screen split screen split screen 
Erasure ful l screen fu ll sc reen full screen 

remote/ Auto 

Display A rea 6 cm x 10 cm 8 cm x 10 cm 8 cm x 10 cm 

98 

• 3 display modes - (1) spl it-screen combi nat ion 

of storag e/co nvent ional di splays, (2) fu ll -sc reen 

sto rag e, or (3) full-screen conventi onal displ ays. 

• saves film -extended viewing times of stored 

di spl ays permit detailed waveform analysis in many 

in stances wi thout photogra ph y. 

• simplifies trace photography - once initial 

camera sett ing has been determined, no further 

camera adjustments are necessary, regard less of 

conditions under which future stored traces are 

obtained. 

• beam locate -locate pushbutton offsets beam 

into a non-store area on left edge of display, permit

ting precise vertical positioning of beam before 

signal is stored. 

• adapts easily to various applications -ac

cepts major plug-in lines for such applications as 

multi-trace, low-level differentia l, sam pling, spec-

trum analysis, others. 

• Type 549 automatic erase -can be selected for 

periodic or after sweep operation with se lectable 

viewing times from 0.5 second to 5 seconds . In 

addition, Erase-and- Reset pushbutton -which per· 

mits erasing display and rea rming si ng le sweep

can be controlled remotely, if desired. 
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TYPE 564 

Storage time - Bistable Storage provides a stored display for . 
up to one hour. 

Erase time - 250 ms full cycle at normal operating level. 

Type 564 Storage Oscilloscope . . . . . . . . . . . . . . $875 
Size is 13Y, " high by 9Y." wide by 21 Y, " deep ; net weight is 33 pounds. 
Uses 2-series and 3-series plug-ins. 

Rack Mount Model RM 564 . .... 
(same performance specifications, yet occupies only 7" 

standard rack height) 

{Bandwidth DC-to-15 MHz with Type 3A5 Plug-in) 

Plug-ins iUustrated 

. $960 

Type 3B3 Time-Base Unit . . . . . . . . . . . . . . . . $585 
(normal and delayed sweeps - 0.5 µstem to 1 stem, calibrated 

sweep delay - 0.5 µs to 10 sec, single sweep, 5X Magnifier, 
full passband triggering, flexible, easy-to-use - simplified trigger logic) 

Type 3A6 Dual-Trace Unit . . . . . . . . . . . . . . . . $540 
(Dual-Trace- 10mV!cm at DC-to-10 MHz, 5 display modes) 

U.S. Sales Prices, f. o. b. Beaverto n, Oregon 

TYPE 549 

Storage time - Bistable Storage provides a stored display for 
up to one hour. When applications require maximum writing 
speed, viewing times of 20 minutes or less are recommended. 

Erase time - 200 ms maximum, complete cycle. 

Time base features - Sweep Delay - from 1 microsecond 
to 10 seconds. S weep Range - 5 s/cm to 0.1 µstem (Time 
Base A) and 1 s/cm to 2 µstem (Time Base B). XS Magnifier 
extends fastest sweeps to 20 ns/cm {Time Base A ) and to 
0.4 µstem (Time Base B) . Sing le Sweep - manually, auto
matically, or remotely . Full Passband T riggering - with 
flexib le, easy-to-use facilities, and S implified T rigger L ogic
with lever control of trigger functions. 

Type 549 Storage Oscilloscope .... . $2,375 
Size is 17 " high x 13 " wide x 24" deep ; net weight is ~ 67 pounds. 
Uses letter and 1-series plug - ins. 

Type 1A1 Dual-Trace Plug-In Unit (illustrated) . . . . . . $600 
(Dual Trace - 50 mV!cm at DC-to-30 MHz*, 5 mV/cm at 

DC-to-23 MHz* . Single Trace-500 µVlcm at 2 Hz-to-14 MHz. 
5 Display Modes , front panel signal output) 

*When used in Type 549. 

For information on how Tektronix can solve your measurement problem w ith a 
storage oscilloscope, call your Tektronix field engineer. Tektronix, Inc . 
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The other side of the recruiting coin 

A man who hires them tells electronics engineers how one company goes 

about the difficult task of finding the right man for the right job 

By Alex E. Martens 
Bausch & Lom b Inc., Rochester, N.Y. 

Shoddy recruiting practices by some companies 
employing electronics eng ineers reflect upon the 
reputation of the entire industry but it is not fair 
to b lame on ly the employers or agencies for all 
the problems encountered by job-seeking engin eers. 
Most engineers are honest, ethical and reputable 

The author 

100 

Alex E. Martens joined Bausch & 
Lom b in 1960 and became head 
of the com pany's research and 
development d ivision in 1963. 
He received h is master' s degree in 
electrical engineering fro m the 
University of Rochester in 1964. 

(I am writing this with a great deal of enthus iasm 
and conviction , bC'ing a member of the profes sion ) 
but there are some who '"'ill misrepresent their 
education, experience or achievements in order to 
land a good job. A few get away with it. Others 
are sooner or later exposed, after having wasted a 
lot of the employer's time, effort and money. 

To understand Bausch & Lomb's atti tudes to
ward the employment of electronics engineers some 
background on the company might be helpful. 
Bausch & Lomb was founded in Roches ter, >J .Y. 
at the time of the C ivil \Var to man ufac ture eye
glasses. For many years Bausch & Lomb remained 
primarily an optical company. It con tinu ed to make 
spec tacles and wen t on to produce binoculars , pho
tographic lenses, microscopes and other optical in
struments. In the 1950's, the fir m embarked upon 
an ambitious expansion program, entering sevf'ral 
new fields of scien tific instrumentat ion, incl ud ing 
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electronics. A research and development division 
was established ; it now numbers more than 250 
people. An electroni cs departm ent, within this or
ganiza tion , grew in 10 years from one lonely and 
harassed engin eer to some 30 people, no longer 
lonely. 

Responsible for th e progress of new products 
from research and development into manufacturing 
are elec tronics engineers in product engineering, 
manufacturin g engin eering, and quality assurance. 
Because of my association with R&D, these re
marks are specifi cally applicable to the employ
ment policies for engineers in that divi sion ; th e 
requirements for engineers in other divisions differ ; 
though most of the general practices are followed. 

The eyeglasses and related ophthalmic products 
still account for almost half of Bausch & Lomb's 
busin.ess. Making up the remainder are very diversi 
fi ed and often sophisticated instruments for ana
lytical chemistry, biology and medicine, photogram
metry, metrology, the electronics industry, metal
lurgy. optics , as tronomy, defense and many other 
fi eld s. YI os t of these produ cts are developed on 
company funds, but we also have contracts from 
the Government and private concern s for research 
and development of sys tems, usually requiring 
combined capabilities in elec tronics, optics and 
mechanics. 

Many of these products in volve elec tronic sys
tems, and it is our responsibility in electronics 
R&D to develop th em, workin g in close coopera
tion with scientis ts and engineers from oth er 
branches of technology. The work involves uti li za
tion of modern techniques and components in the 
design of analog, digital and servo systems, special
ized computers, recording and numerical control 
equipment. 

Thi s wide range of projec ts calls for engineers 
with a stron g theore tical background who desire 
to learn and adapt. \iVhile there is some degree of 
specializa tion , most of our engineers at one time 
or another will assume project responsibility that 
demands not only a thorough understanding of 
many aspects of elec tronics, but also the abi li ty to 
communicate with people from other scientific dis
ciplines. 

All of this leads to the statement that, contrarv 
to the general trend, we like to hire people with 
broad experience or broad college trainin g, rather 
than specialists. The willin gness to learn , and con
tribu te, combined with sound schoolin g and pos
s ibly, some indication of potential inventiveness or 
crea ti ve ability, are th e most importan t criteria by 
which we selec t engineers for employment. Since 
only a li mited number of vacancies are avai lable 
a t any given time we have to b e selective and we 
try our b es t to get the right people. Those readers 
who themselves hire engin eers will appreciate the 
amou nt of effort necessary. It is as difficu lt to match 
a job to a man , as a man to a job. 

\ 1\Then a vacancy exists, a form is fill ed ou t by th e 
department head and sent to the personnel office. 
On it is specified the edu cation, experience, special 
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skill s, nature of work a t Bausch & Lomb, salary 
range and des ired avai lability date for the engineer 
to be hired. The requirement is then made known 
to several employment agencies. At the same hme 
in-hou se fil es are checked for records of suitabl e 
people who have previously applied fo r a job ancl 
advertisements are placed in magazin es and news
papers. 

After a few clays a trickle, th en a stream of res
umes begins to Row from the employment office 
to the department head. Th e resumes are screened 
by th e employment speciali sts to see th at they cor
respond wi th the request for help. 

I prefer to receive resum e::s directly from the ap
plicant, rather than from an agency. By writin g 
to us directly th e applicant shows he is not in 
teres ted in just any job, but in a job with Bausch 
& Lomb. Moreover, by th e time a resume is filtered 
throu gh an employment agency, especially one 
ca tering primarily to the aerospace industry, it is 
frequently condensed b eyond recognition, omitting 
much of the information that would help us make 
a preliminary evaluation. 

A resume should be written with some regard for 
grammar and sentence stru cture. It should demon
strate that the applicant has some communication 
skills and cares about the impress ion he will make 
on the potential employer. 

The recruiting merry-go-round 

A disillusioned eng ineer recounts his tob·seek ing exper iences 

wi th the ~ope that others may identify and avoid misleading 

advertisements and dcceplwe claims by employers 

By Anonymous 

~liling J u tisfac:tory job ttungit h flOI euy. 1111- """"· in man~· tJ,es. ~•1<' ()/ 11~ dt•1:h 1<.111~ m tlw 
1v111~nt <k-•J,iMI) ,or<' >rH·•I""' ;11>11. of th•·)''' tu )<•h-<h1n~mi: l>IO<.'t'1'!1 "'"'I~· !)o.l.~J QR mlsu·rne-
b,• m.itlC' u1t<' ll i!!<'fl11• . •hnuld b<' h~«<I on ron .cnt.111•on nnd /or m!«m<kr-t~nJ1ue.. 
•ldf~bh: $Ind) t!nf11rtun~l<'k, t lwi.· " t:••itluk.'C Onp•I~ !!w impm1Jll<'I' of lh1· .;ulojf'ci. tht:r<' j, 

t<! Wpporl (h' \'~" th~t for Ill(' rlix1ruu!c1 rngi· pra~ti~.ill~ no pubh,!10•d hlll\._11.11 tn 1tld th•· rngi· 
1~wr "ho> h thinkmg abuul • ~lmg a ""' " jnh I ""' 
I.>~ no tfJol-<111• 111111111 In ~•IQ;•'' " IKW.·l ~<)·i l ~h·p 
l.>1 >lq1 3()[>m..d1 In IH~loui" ;._.b dt-t.t•JV• \I ) ,.;,,, 

:E:i!:E::..! ~~,~i~~~~d~+E.:.;; ~:~. · ~:.::,~:~.i ;'~·::::t::"~~:o,::~~~i·~:·i;h;;:~~· :n .. ~~:: 
1111.i- ol ...,,,,..000 an>Clft, •-• 1""° "'"lmt• and IKlp•· tll:r.t other. Ul:r.) 1ik11t1f~ .inti :wo1d ~nm I Jr 
n.1•11.u1er'•llt!g<M. ollu•tlun,. The )oug-r~"!:'-" h11p: h '"" ' eni:~ 

In a sense, Ale:1: \! artens' arti cle is a rebuttal to " The 
recruiting merry-go-rou nd" published in Electron
ics , which blamed employers and agencies for the 
difficu !ties electronics engineers frequentl y encounter 
when they search for jobs. 
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A specific salary request should be included, 
rather than th e frequently used "salary require
ment: open." Before furth er consideration can bf' 
given to an applicant, we must see if we can afford 
him. The statement of the des ired salary also in
dicates to us that a man has given some thought to 
his own value. 

Job objectives should be spelled out. Frequently, 
an engineer seeks a change because he is dissatis
fi ed with the kind of work he is doing. In that 
case, a recital of his experience is not very useful 
if he wants to c1iange to another area of elec tronics 
technology. And we want to know what the appli
cant wants to do in order to decide whether his 
goals match the job content. 

The least useful kind of resume, usually mimeo
graphed and mailed out in liberal quantities by 
an employment agency, would make the condens
ing experts at the Readers Digest envious . It reads 
like this: 

Candidate #5555-For information contact 
Joe Doe at Shrdlu Agency 

Salary r quirement: Open 
28-Married-secret-BSEE-1962 
Experience: Major aerospace company since 

1962. Systems Design. 
Such resumes .are not worth both ering with un

less hundreds of engineers are to be hired, irre
spective of their quciJifications , in anticipation of 
a large contract, and this is not our practice. 

Good agencies will take grE'at pains to prepare 
a useful res ume from information supplied by th e 
engineer. They make sure that the papers go only 
to companies that have a current or anticipated 
job opening. A few Pmployment agencies send 
along the summary of a personal interview with 
the applicant ns well as th eir imprPssion of his 
character and potential. Such information is ex
tremely helpful. 

\i\lhen the department head at Bausch & Lomb 
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rece ives the resu me it is accomp:rnied by a printed 
form on which he indicates his interes t, bck of 
it, or other disposition. For instance, the candidate 
may not be suitable for the job opening in one de
partment but another opening be tter suited to th e 
applicant may exis t somewhere else in the com
pany. In such a case, the papers are routed to the 
interested department head. 

About one of every five resumes warrants further 
action. Frequently , more information is needed and 
the applicant is called, or a " personal history form" 
is sent out with a reques t for speedy completion 
and return . Job objective and desired salary arc 
the two most often asked questions . 

Based on the data supplied to him and somewhat 
on his intuition the department head may request 
that the applicant be invited for a visit to the pl ant. 
Scheduling such a ,visit is not easy, considering th at 
both the interviewer and the candidate have man y 
other commitments. The company reimbmses the 
visitor for all his expenses, but a detailed break
down is needed to satisfy the Internal Revenu e 
Service. Hotel arrangements are made in advance. 

The prudent candidate will bring along any 
material that would enabl e th e interviewer to be tter 
appreciate the applicant's qualifications , such as 
publications , patents , records of technical accom
plishments. It would be considered une thical of 
the applicant to show any proprietary material or 
to disclose confidential information belonging to 
his current or past employer , unless such infonna
tion was previously made public. Any transaction 
between Bausch & Lomb and the job-seeking en
gineer is kept in strict confidence until the candi
date gives us permission to contact his present or 
past employers for re ferences. 

Most of the candidates arrive the night b efore 
the interview to get a good night's sleep. Th e en
gineer is advised to report at the employment office, 
where he is met by an employment specialist, usu -
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ally the man who arranged fo r tne interview. On 
occasion I requ es t permission frolll th e employ
ment offi ce to call th e applicant directl y to eith er 
obtain or provide additional techni cal inforlllation 
or to make special arrangements , such as a visit 
on a weekend or a lllee ting durin g an out-of-town 
trip. Such direc t contact lllay help to q ui ckly es
tab li sh the degree of mutual interest. 

The employment spec ialist spends some time 
w ith the candidate, takin g care of hi s expenses and 
transportation schedu les. In the mean tim e I am in
fo rmed of th e man's arriva l, whi ch event causes 
me to stuff th e rubbish from my desk into one of 
the drawers , clean the ashtray, put on my coat and 
what is supposed to be a fri endly facial express ion. 
" Thile our secretary escorts the candidate into my 
offi ce, I sit there wonderin g: "Is he goin g to be the 
right man for this job ?" 

The fir st impression is important. Did the man 
consider this interview to be important enough to 
look his bes t? 

The interview is usually di vided into two phases; 
the duration of each phase is dictated by the avail
able time and the candidate's background. In the 
first phase I tell the candidate abou t Bausch & 
Lomb's history, organiza tion and produ cts, using 
charts we have for that purpose . .Nex t, I explain 
the stru cture of the research and developlllent divi
s ion and describe the ac tivitiPs of various labora
tories and departments. I specifl cally emph as ize the 
cooperation and interaction among the depart
ments. A sub stantial amount of time is spent in re
viewin g the purpose, organ ization and ac tivities of 
th elec troni cs department, as well as privi leges 
and duties of its melllbcrs. 

Us ing as an example a typi cal colllpletcd projec t, 
the progress of a produ ct throu gh variou s stages 
of development is then explained, pointing out the 
role of the electronics engineer in each of the 
s tages. Th e opportunity for continu ed (co mpany 
sponsored ) edu cation an d advancement, perform
ance and sala ry n~v i ew poli cies are discussed. Dur
ing th is and sub sequent parts of the interview the 
candidate's opinions and comments are welcomed 
and ques tion s are answered. 

A tour of the departments and other facilities 
(library, computer room ) fo llows . Th e appli cant is 
introd uced to our employees, and projects of a 
nonconfidcntial na ture are shown and discussed . 
The tour has se eral purposes: to meet our people, 
to show our faci lities and equipment, and to dis 
cuss projec ts of interes t to the candidate. \Ve find 
tha t the candidate's remarks concernin g the work 
he is shown are helpful in evalu atin g hi s techni cal 
colllpetc'nce. Sometimes one can sense enthusiasm 
in an engineer, when he is confronted with a par
ticularly interes ting solution to a challenging tech
nical problem. 

At this time the appli cant is usually introdu ced 
to the head of th e section where th e opening 
exists, to give the latter an opportunity to talk 
with his prospective employee about the work in 
which the particular section is engaged. 
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At lun ch in the company's cafe teria th e con
versa tion continu es behYcen th e candidate, th e 
section head , the departm ent head and other en
gineers. If th e opportun ity presents itself, the can
dida te is also introduced to the direc tor (in my 
case, the direc tor of the biophysics and electroni cs 
laboratory) who mav \\·ant to spend some timf; 
talkin g to tlw engineer. So far, our own qualifica
tions , job content and oth er topi cs of interes t to 
the applican t have been discus sed . 

Th e second phase of the interview is occupied 
by a review of the applican t's qualifica tion s. Any 
qu es tions concerning the res11 me are cleared up 
and th e candid ate's current work and pas t experi
ence are discussed in general term s. Of parti cul ar 
interest is his ability to resolve techni cal problems 
and to ge t thin gs clone. If th e man has indu stri al 
experience I usu all y suggest tha t he select a past 
project of hi s choice to describe the problems and 
the solutions. A new graduate can pi ck a term 
project or hi s thes is . 

A number of years ago we started to give every 
engineer appl yin g fo r a job a technical quiz, in
cluding qu es tion s on ne twork analys is, c ircu it de
sign and elec tromagnetic th eory. The ques tions are 
at abou t th e sophomore or junior engin eering col
lege level and are selected to represent ac tu al 
problems routinely encoun tered by people worki ng 
here. ;\o calcu lations are in volved and no refer
ences should be necessary, since onl y funclalll ental 
relations are involved , like Kirchhoff's and Thev
enin 's theorems-which any engineer co min g to 
work for an H&D organization should know thor
oughly. About half of the appli cants are able to 
do more than seven out of 14 qu es tions , whi ch is 
considered adequate. Th e tes t is reviewed w ith 
the applicant to flnd out the reasoning behind the 
solutions. 

In addi tion to the techni cal qui z we ask new 
graduates without previous indu strial experience 
to take two or three tes ts on ability to reason 
and adapt, as well as mechanical comprehension . 

It can be seen that the flr st phase of the inter
view gives tlw applicant as mu ch information as 
poss ible about the job. The second gives us some 
in sight into the candidate's education , experience, 
motiva tion and job objec tives. On the bas is of 
this information we can lllake a reasonable judg
ment of the candida te' s su itability for our group. 
Hopefull y, by thi s time the candidate will have 
enough data to be ab le to decide wheth er he cares 
to join us. 

Finall y, if the candidate seems promisin g, the 
qu es tion of salary is di scussed . It is our pol icy 
to hire engin eers at salary levels comparable 
to those earned b y our own people with s imi lar 
educa tion an d length of experience. The flnal 
salary fi gure offered is decided by an administrative 
depar tment but it's based on our recommendation 
and those of the employment department. 

The offer is sometimes made while the applicant 
is s till in the plan t, especially if he shows an out
standing potential. Or it is made a few days after 

103 



the visit, once we've compared his qualifications 
with those of other applicants for the same po
sition. If there's no offer, the candidate is informed 
by a le tter that gives our reasons. Or, if it b ecomes 
obvious during the interview that the engineer 
lacks the necessary qualifica tions , he is told so 
immediately. I expect th e applicant to be as frank 
with me. This saves his time and mine. The inter
view with a promising candidate generally takes 
all day. 

Why go to all this trouble? Simple arithmet ic. 
To illustrate, le t's consider an actual case. Three 
years ago we hired John Smith (not his real name). 
H e had a degree in engineering, a few years ex
perience, impress ive resume, and good references. 
H e was also a very good talker. At that time we 
were naive enough to judge a man 's potential on 
the basis of his forma l edu ca tion, his resume (pre
pared by an agency), and an account of past 
ach ievements, without seriously attempting to ex
plore the engineer's technical ability or motivation. 

John received and accepted an offer of $10,000 
a year. W e paid the agency's 10% fee or $1,000. 
\ Ve also paid his $800 movin g expenses. On his first 
day, John was sent to th e medical department 
for a checkup. His papers were processed b y the 
personnel department, H.&D administration and 
myself. That probably cost th e firm another $100 
including overhead. And it was just the b eginning. 

John joined one of our sections and was assigned 
a project involving digital logic that seemed to 
fit his past experience. Some two to three month s 
were spent by his colleagues and superiors in the 
department familiarizing him with our methods , 
facilities , standard circuits , technical reports , 
sources of supply, lines of communication, and 
thousands of other trivial matters that one has 
to learn to .function efficiently in a new environ
ment. 

John seemed to enjoy his new work. About four 
weeks after he had joined us his section head 
inquired abou t his progress. John had not reached 
a definite decision as to the circuit configuration. 
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H e did, however, have the problem "well in hand." 
Another four weeks passed- still no block diagram, 
the probl em was still "under advisement." \Vhen 
fin ally given a deadline (the probl em was latC'r 
solved in a few days by on e his colleagues) he 
produ ced, after a furiou sly busy week, some cir
cuits that defied all Jaws of electricity, in cluding 
Ohm's. 

His patient and despair ing section head ex
plained th e mistakes and asked John if he woulcl 
care to try his hand at something less complicated. 
The result was exactly the sallle. Finally, when 
I asked him to tell me in more detail about his 
prior cirC'uit des ign experience, he admitted that 
it was , as he put it , " marginal." After consnlt ing 
with his section head and my boss I asked John 
to resign. He walked out without saying good-by. 

\Vhile it is hard to put a dollar value on the 
time and efforts vvasted, and on projec t delay, a 
figure of $5,000 is probabl y very conservative. So 
let's add it up : 

John 's salary fo r 3 months: 
Overhead (fringe benefit 's, 100% ), etc. 
Agency's fee: 
Moving expenses 
Process ing costs 
Intangible losses 

Total 

$2,500 
2,500 
1,000 

800 
100 

5,000 

$11,900 
This in itself is a sizable inves tment and we 

protec t it as bes t as we know how. \ Vhat can ' t 
be measured in dollars is the bad effec t on the 
morale of John's colleagues and probably on his 
own. 

John has had several jobs in the area since, and 
he is looking for work now. How do I know? A 
few weeks ago, we again received his resume. It 
was much improved. 

In articles of opinion, authors are g iven complete 
freedom for the expression of their vi ews. The editors 
we lcome comments on th is author's thesis and will 
publish those letters which are most interesting. 
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""" The Army tested and bought. ln 
fact, two image orthicon cameras 
are now in operation for nighttime 

.. surveillance in Vietnam. 
The night operation test didn't 
bother us since we're the largest 

., • manufacturer of low-light level TV 
cameras. And we know our image 

~ orthicon cameras produce high 
resolution pictures in near total 

-
1 darkness (at 1 x 10- 5 foot can

dles). But we weren't too sure 
about the vibratory factor. Lab 

.,, tests simply aren't like the real 
thing. There was no need fo~ con
cern. The MTI image orth came 
through with flying colors-and we 

' mean flying. (Now we know why 
they call helicopters egg-beaters.) 
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the 
Huey 
gave 

us 
a 

fair 
shake 

and 
we 

gave 
it 
a 

steady 
picture

even 
at 

night 
MTI manufactures over 65 differ
ent products and a complete line 
of television cameras. And inci
dentally, our vidicon cameras will 
take the same kind of rough treat
ment. We're so particular we even 
make our own monitors. It's the 
only way we know to guarantee the 
best products on the market. 
If you want to know anything about 
the closed circuit television equip
ment-try the specialists first. 

m"t-i 
MARYLAND TELECOMMUNICATIONS, INC. 
York & Video Roads, Cockeysville, Md. 
301-666-2727 
World's largest manufacturer of 
low light level television cameras. 

Circle 105 on reader service card 105 
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Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement 

UHF tuner employs FET 
for low cross modulation 

Here - for the first time - is a practical 
UHF tuner which offers considerable cross
modulation improvement in the RF stage . 
This circuit is made possible by the supe
rior high-frequency performance of Tl's 
2N3823 N-channel silicon FET. ln addition 
to its low cross-modulation characteristics, 
the circuit has a power gain of 12 to 15 dB 
from 400 to 900 MHz and a VSWR of less 
than 2 from 500 to 900 MHz with an input 
impedance of 50 !1. 

The accompanying graph shows the ex
cellent cross-modulation performance of 
the tuner. 

Circle 291 on the Reader Service card 
for application note on this tuner. 

Charge-sensitive preamplifier 
uses Tl FET for lowest 

noise, highest resolution 
This preamplifier, developed by Oak Ridge 
Technical Enterprises Corporation for nu
clear detectors, limits noise to only 170 
electrons rms when used with low-capaci
tance detectors. The extremely low noise 
level of field-effect transistors from TI 
permits detection and accurate measurement 
of low energy X-rays and gamma rays (less 
than 20 keV). 

ORTEC determined that specially-selected 
2N3823s resulted in superior amplifier per
formance. The graph at the left illustrates 
improvement in noise level compared with 
vacuum tubes, nuvistors and bipolar tran
sistors. 

Circle 292 on the Reader Service card 
for data sheet on the 2N3823. 

500 MHz FET oscillator achieves 
frequency stability without 
temperature compensation 

This oscillator demonstrates the excellent 
high-frequency characteristics of the 2N4856 
N-channel silicon FET from Texas Instru
ments. Power output, at 500 MHz with a 
V DD of 20 V, is greater than 140 mW. 

Frequency stability is a major advantage 
of FET oscillators. The graph at left com
pares frequency drift with temperature 
change for a 100 MHz FET oscillator versus 
a bipolar transistor. FET oscillators result in 
simpler biasing and possible elimination of 
AFC circuitry. 

Circle 293 on Reader Service card for 
Silicon Technology Seminary paper on FET 
oscillators. 
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demonstrate versatility 
- · ~ Texas Instruments ,.. 

FM tuner employing FETs has 
< 2.0 µ,V sensitivity, spurious 

response rejection > 79 dB 
.,, This FM tuner uses both N-channel silicon 

and P-channel germanium FETs for high 
- ·r- performance with simple circuitry and low 

component costs. 
The RF stage employs a TIS34 N-channel 

silicon FET for better than 2.0 µ, V sensitiv
~ ity with 30 dB quieting. 

For maximum conversion gain, the RF 
stage is coupled to a TlXM12 P-channel 
germanium FET. The TIXMJ2, being an 
almost perfect "square law" device, gives 
better than 79 dB spurious response rejec
tion . Image rejection of the tuner is 70 dB, 

. ..-. 6-d B bandwidth is 525 KHz, and power 
gain neglecting loss of IF transformer sec
ondary is 25 dB. 

> 

Circle 294 on Reader Service card fo r 
appli cation information on this circuit. 

Wideband correlator uses 
complementary FETs for 

signal multiplication 
This correlator, developed by the National 
Laboratory for Radio Astronomy, Bologna, 
Italy, employs SILECT™ FETs from TI to 
provide exceptional rejection of unwanted 
responses. A 35 dB rejection of uncorrelated 
components is achieved for random signals 

..,;. on a 10 percent band centered at 300 MHz. 
Previously tested correlators had rejections 
ra nging from 15 to 30 dB . 

Complementary 2N3819 and 2N3820 si li
con FETs are used as direct multipliers 
operating in the near-zero region of the 
I oss vs. Vos curve. Spurious responses are 
balanced out by the complementary charac-

...,. teristics of the FETs. 
Circle 295 on the Reader Service card 

for data sheets on 2N3819 and 2 3820 
. .,. plastic-encapsulated, economy FETs. 

.. , 
FET Fact File by TI -

the most complete collection 
of FET information available 

.. Herc, in one handy 81/z x 11" file folder, 
is 270 pages of the most up-to-date FET 

• ~.t information. Included are data sheets, per
formance and reliability data, and applica
tion notes containing circuit diagrams, cir

,,. cui t theory, and design suggestions. 
It is all yours for onl y five dollars. This 

.J low price includes periodic supplements 
which will keep your file current and con
tinuously useful. Get your copy from any 
authorized TI distributor. 
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(I] Wideband correlator uses complementary FETs 
for 35 dB rejection of unwanted responses 

~ FET Fact File- industry's most compreh ensive 
FET reference guide- contains 270 pages 

TEXAS INSTRUMENTS 
INCORPORATE D 

For specific information on these circuits and devices 
write us at P.O. Box 5012, Dallas Texas 75222 
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One way to check for power loss 
Visual inspection may sometimes reveal the source of a power loss. 
Most transmitters, however, require more sophisticated test equip
ment. Fortunately, the cost of wide-range power meters like Sierra 's 
new Series 401A r-f termination wattmeters need not sound a sou r 
note in your budget. 

At prices you can appreciate (see below) , Series 401A wattmeters 
make prec ise measurements of power on tour selectable ranges up to 
1,000 watts, with frequency cove rage of 2 to 1000 Mc. Single-knob 
switching lets you read down to two watts on the 1,000-watt model . 
Sierra's "Twist-Off" connectors permit quick field changes of eight 
connector types . Permanent sealing eliminates coolant leakage. 

You can bring on a full range of data concerning Sierra Series 401A 
r-f wattmeters with a note to Sierra/Philco, 3885 Bohannon Drive, 
Menlo Park, California 94025. 

Sierra 401A R-F Termination Wattmeters 

401A (120 w) $195.00 401A (500 w) $275.00 
401A (250 w) $225.00 401A (1 ,000 w) $365.00 

Circle 108 on reader service card 

A better way from Sierra 
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Two high-speed pulse code modulation channels are impressed on a single gas laser beam by new lithium tantalate 
m odulators developed by group headed by R.T. Denton , shown here making fine adjustments on the mu ltiplex system. 

Communications 

Laser modulator 
handles high-speed 
pulse-code systems 
The big question Bell Telephone has yet 

to answer is whether it will ever need 

the tremendous channel capacity of lasers 

By Samuel Weber 
Senior editor 

The wedding of two young tech
nologies-lasers and pulse code 
modulation-was announced by 
Bell Telephone Laboratories last 
week, but the honeymoon is being 
delayed because the couple has no 
place to go. 

The recent development of an 
opti cal modulator broadband 
enou gh to handle Bell's develop
mental T -4 pcm system, which op
erates at 281 megabits per second 
and .is sla ted for produ ction in the 
early 1970' s, indicates that hard
ware for laser communication sys·· 
tems is ca tching up with more con
ventional equipment. But the 
knotty problem of how to tran smit 
light beams without prohibitive 
losses is still to be solved. And the 
Bell management is uncertain 
whether the tremendous channel 
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In basic optica l pcm system, l ithium tantalate 
crystal gates narrow-pulse output of gas laser. 

capacity of lasers will ever be re
quired. 

For the same reason, the co m
pany is keeping on ice long-com
pl e ted des igns for a 70-gigahertz 
mi ll imeter wave system whose ca
pacity will be greater than wi ll be 
required in the foreseeable future, 
according to some Bell engineers. 
But others, citin g the growth of 
data transmiss ion and the poten
tial proliferation of Picturephone, 
Bell's experimental sys tem for 
transmitting pictures along with 
conversation, think that ultimately 
a choice will have to be made be
tween lasers and millimeter waves . 

I. New light on pcm 

The new opti cal modulator, de
scribed at the Electron Devices 
~1ceting in Washington, D.C. last 
week, overcomes one of th e big 
obstacles that has b locked the use 
of lasers in communica tions. The 
modul a tor is des igned to 
operate at an information 
rate of 224 megabits per 
second. but can readi ly be 
modified to accommodate 
the slightly faster T-4. Th e 
lower clock rate was es tab-

plexed on one beam from a solid 
state laser, an ultimate capacity of 
about 5 Gh z. The concept of replac
ing 24 coaxial lines with onP light 
beam is understandably intriguing 
to Bell 's management. 

Better material. The broadband 
optical modulator owes its success 
to the development of a new modu
lator materi al, lithium tantalate. 
According to Ri chard T . Denton , 
under wh ose direc tion the modu
lator was conceived and built, 
LiTaO,~ is the bes t electro-optical 
material now avai lable. 

It operates on the same princi
ple as potass ium dihydrogen phos
phate (KDP) which is in common 
use now as a moclu la tor material
tha t is, it relies on the Pockels ef
fect, which rotates th e polari zation 
of any light beam passing throu gh 
the material in accordance with 
the strength of an elec tric fi eld ap
plied tran sverse to the direc tion of 

th e beam. But lithium tantalate h a3 
an electro-optic coefficient ahou t 
eight times lower than KDP, which 
means th at for the same s ize crys
tal , lithium tantalate requires onl y 
one-twentie th the power to dri ve 
it. \Vhat' s more, large single crys
tals of lith ium tantalate can b e 
conveniently grown from seed crys
tal s by the Czochralski method. 

Such crys tal s arc strain-free, can 
b e polished without clanger of 
breakin g, and res ist mois ture. KDP 
and other materi als are easi ly 
stra in ed , break easily and are 
prone to absorb moisture, which 
degrades their optical properties. 

A sin gle crystal of lithium tan
tala te in th e form of a p arallele
pi peel 0.02.5-cen ti meters square by 
1-cPntimeter long is the basis of 
the new mo du la tor system. Th e 
crys tal has an antireRection coat
ing on one encl , and a dielectri c 
refl ec tin g coating on th e other. Th e 
tempera ture is s tabi li zed to within 
0.04°C to eliminate any changes in 
electro-optic properties clu e to 
temperature varia tion s. Modulatin g 
pulses are applied to the crystal 
through electrodes plated on op
pos ite sides of th e crys tal. 

\ Vith thi s geometry, 30 volts ap
p lied to the elec trodes will rotate 
90° the polari za tion of a light b eam 
pass ing throu gh the crystal. 

Phase-locked laser. Th e prin ciple 
governin g the operation of the mod
ulator is illu s trated in the s impli
fi ed diagram of a sin gle-channel 
optical pcm sys tem shown above. 
By a techniqu e developed at Syl
vania E lec tronic Sys tems, [Elec-

tronics , September 20, 
196,'J, p. 101) the hclium 
neon laser operating at 
6,328 angstroms is phase
lockcd at a frequency of 
224 ~Ih z, so th a t the resu lt 
is a continu ous train of op-

lished for a high-speed ex
perimental pcm sys tem 
whi ch was ann oun ced by 
Bell a year ago. Th at sys
tem had a capacity of 3,456 
voice channels or alterna
ti ve ly, 900 voice channels 
and one b roadcast-quality 
television chann el. Up to 
four times th at capacity 
can be handled by the 
modu lator when it's cou-

BERYL LIA ti cal pul ses 0.6 nanosec
onds wide and 4.46 nan o-

pled with a gas laser, and 

SPRING 

L ; T0 0 3 
CRYSTAL.....,---;~~ 

LIGHT 
BEAM 

TERM INAL 
(UPPER) 

seconds apart. Accordin g 

24 such 224-megabit sys
tems can be time-multi-

Cutaway view of modulator const ruction shows careful 
control of temperature to stabil ize operation. 

to Denton , the width of the 
pu lses is a fun ction of the 
laser medium , and not of 
the elec tronic circu itry; the 
pulses could be redu ced in 
w id th an order of magni
tude if a solid sta te laser 
were used. Denton poin ts 
out that a recently devel
oped neodymium-eloped 
Y AG (yttrium alum inu 111 

garne t) la ser would b e 
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ideal fo r this purpose. A g-bi t pcm 
word generator provides 10 milli
watts to a transistor pulse amplifier, 
which in turn drives th e optical 
modul ator crys tal with about 700 
milliwatts. 

Optical pulses that arri ve a t the 
modul ator simultaneously with the 
occurrence of a 1 from the word 
generator have th eir polari za tion 
ro ta ted go0

, whi le those that arrive 
concurrently with a 0 are unaf
fec ted. The b eam-splitting polar
izer is des igned so that goo polar
ized pulses are directed toward 
the detector, a germanium aval
anche photodiode, while th e un
affected pulses emerge from an
other face of the polari zer. 

In effect, the modulator acts as 
a ga te for the laser pulses, allowing 
only those correspondin g to l 's to 
pass through, and skippin g th e 
O's by blocking them. At the modu
lator output, the power ratio be
tween the pu lse and no-pul se 
condition is 23 decibels , and the 
modu lator introdu ces an in sertion 
loss of 0.6 db, which includes all 
the associated optical components. 

In the laboratory, Den ton 's group 
has se t up a more elaborate sys-

tcm in which two 224-mcgabit pcm 
channels are time multi pl cxcd on 
a sin gle laser b eam and separated 
at th e receiving encl by an clec tro
optic polarization sw itch , also of 
lithium tantalate. 

11. Multiplexed system 

The pcm outputs of two word 
generators-in th e sys tem shown 
below-each drive separate op tical 
modulators in the mann er pre
viously described. For illu stra tion, 
the in s tan tancou s output of word
gcncrator 1 is shown as 1011 and 
that of generator 2 is 1101. The 
pul sing laser beam is fed through 
a lens and beam splitter where il 
is divided and each half passed 
throu gh LiTaO:; modulato rs. An ar
rangement of prisms, mirrors and 
beam spli tters recombin es the 
beam components at the output. 

A 224-~1 h z sinusoidal clock s ig
nal, derived from " ·ord generator 
2 synchronizes the laser phase mod
ulator, the polarization switch and 
the other word generator. The op
ti cal path length for channel 2 is 
adjusted so that pu lscs in this chan
nel are delayed half a clock cycle. 
As a result, the bits from each 

PLANE MIRROR PR IS M 

n n o 

MIRRO R 

PHASE 
MOD 

DET 

n oo 

DET 

IR IS 

\
MIRROR 

PRISM 

LENS PRISM 

BEAM SPLITTER 

E-0 
POL AR
IZ AT ION 
SWITC H 

LEN S 

DET 

001\0M 

0 0 /} 0 vvvv 
224 MC SINE WAVE 

chann el are effectively interlaced 
on alternate half cycles . Th e com
bined 11011011 output is observed 
at the detector in the center of the 
diagram. 

The two channels are separated 
at the rcceiver end by the electro
opti cal polariza tion swi tch which 
is driven by the clock. The switch 
is designed so that any incident 
optical pul ses that occur at the 
peaks of th e clock vo ltage arc ro
tated in phase go 0

, and those tha t 
arri ve co in cid ent with the valleys 
arc unaffec ted. Th e output prism 
separates the two channels by vir
tu e of the difference in th eir polar
izations and routes the beams to 
separa te detec tors. 

Denton says hi s group h as 
worked out schemes based on this 
general plan for time multipl exing 
three and six chann els on the beam. 

111. The transmission problem 

Despite the avai lability of a 
broadband optical mod ulator, if 
lasers are ever to be used, some 
way must be fo und to tran sm it 
light point-to-point without exces
sive losses and by methods that are 
economi ca lly jus tifi ab le. Transmis-

PCM 
OPTICAL 
MOD 

PCM 
OPT ICAL 
MOD 

PCM 

n no 

WORD 
GENERATOR 
N0. 1 

PC M 
WORD 
GENERATOR 
N0 .2 

Optical signal paths in a two-channel system are differentiated in diagram by co lor. Add it iona l mod ulators are 
required for each pcm channel on transmitter end, and an electro-optical switch separates combi ned signa ls at the receiver. 
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NEC DC-Excited 
Single Frequency He-Ne Laser 
GLG759/GLS759 

Applications 
education 
light detection and ranging 
metro logy 
scientific applications 

spectroscopy 
laser communications 

surveying 

• GLS 759- power pack and cont rol circuits 

· GLG 759- FM Ga s Laser 

• extremely compact 
• highly accurate 
• exceptionally low cost 
e long life 

Specifications 
Output-wavelength: 6,328A 0 (He-Ne) 

-power : 0.1 mW, CW 

-mode : TEMoo Single Frequency 
Long term stability, i.e. output frequency deviation from 

the centre of the emission line of the natural Ne: 

10'8/ day ( maximum ambient 
temperature variation :t 1 ° C) 

Warm up time: 40 minutes from OFF condition 
Beam diameter : 
Beam divergence: 
Servo FM deviation: 
Input power : 
GLG759 dimensions: 

GLG759 weight: 

approximately 1 .5 mm 
approximately 5 x 1 0·3 rad. 
30 Mc/ s P-P at a 1 Kc rate 

11 5 volts, 50/ 60 c/ s, 200 VA 
225 x 140 x 185 mm 
8 kg 

Products for today
Innovations for tomorrow 

Five other types are ava ilable from over 0.1 mW to over 
1 5 mW in power range. Also av8i l8ble are Laser Ruby 
Rods in four grades guaranteeing from about 1 0 MW to 
30 MW peak laser output. NEC 

Mppon Electric Company limited 
P. 0. Box 1, Takanawa, Tokyo, Japan 

MAIN PRODUCTS: electronic computers, data communication systems, electron ic compo
nents, telephone, carrier transmission, radio communication, radio and television broadcasting, 
navigat ion , electronic data processing, and satellite communications equipment. 
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sion through the atmosphere is 
pretty well ruled out for long-dis
tance optical transmission because 
of the varying conditions imposed 
by moisture, smoke and other light
absorbing elements. Thus, much 
of the development effort is being 
directed toward some type of trans
mission line buried under the 
ground, or mounted along the sur
face. But losses in snch lines are 
critically dependent on beam align
ment, and therefore any deviation 
from a straight line must be cor
rec ted by a series of built-in lenses. 

Hollow pipes. Several types of 
optical waveguide are being in 
vestigated to solve this problem 
[Electronics, May 16, p . 83]. They 
are all variations of the basic idea 
of hollow pipes containing periodic 
lenses to redirect the beam. The 
lenses may be of the conventional 
type, or they may be gases that act 
like lenses by virtue of controlled 
temperature gradients within the 
pipes. The latter type are b eing 
investigated at Bell Telephone and 
are reportedly virtually lossless. A 
four-inch aluminum tube with 
built-in lenses has been tes ted at 
Fort Monmouth and exhibited 
losses of about 0.3 db per mile. 

The amount of loss in the trans
mission line is important in pcm 
systems , because this determin es 
the number, and distance apart. of 
repea ters that must be used to re
generate th e signal between ter
minals. In Bell's commercial T-1 
pcm sys tem, a repeater is required 
at about every mile of th e cable 
pairs over which it operates. 

vVhile beam waveguides are at
tractive from the point of view of 
low loss , the necessity for close 
control of beam alignment makes 
th eir cost prohibitive at this time. 

The millimeter wave system 
would transmit over circular wave
guide. " ' hile the alignment of such 
a guide is not as critical as in an 
optical system, to keep losses low, 
a high degree of manufacturing 
accuracy is required , thus pushing 
up costs. Another trade off that 
must be considered in choosing 
between lasers and millimeter 
waves, is the fact that in a mm
wave pcm system, frequency mul
tiplexing is mandatory and this 
requires costly filtering and com
plex mixer circuitry, compared to 
the relatively simple time-division 
multiplexing of the laser system. 
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GET THE MESSAGE THROUGH • • • 
... the depths of space, through jungle brush and canopy, through 
intricate computer networks. Use VHF, microwaves, lasers. Across 
the complete spectrum of communications, Sy lvania Electronic Sys
tems gets the message through. 

Doing this job demands the best of scientists, engineers, and tech
nical managers of many disciplines, working in the best of facilities, 
where the climate is strictly professional and optimal toward new 
ideas and advancement. 

With locations in suburban Boston, Buffalo, and San Francisco -
close to major universities where you can further your education -
Sylvania Electronic Systems offers the complete spectrum of job 
opportunities. 

Got the message? Then get through to the Manager, Professiona l 
Staffing, Sylvania Electronic Systems, Division of Sylvania Electric 
Products Inc., 59 Sylvan Road, Waltham, Mass. 02154. 

The complete spectrum of , opportunity - job diversification , geographic location , professional satis· 
faction - is awaiting you at Sylvania Electronic Systems . 

SYLVANIA ELECTRONIC SYSTEMS 
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RESEARCH • SYSTEMS DEVELOPMENT • PRODUCT & FIELD ENGINEERING 

An equal opportuniiy employer 
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Microwave 

Million-dollar insurance program 
Expecting microelectronics to dominate microwave in the 1970's, 

RCA is investing millions in an integrated-circuit transceiver module 

for systems ranging from low-power links to array radar 

By George Sideris 
Senior editor 

In the 1970's microelectronics will 
rule in microwave systems. That's 
what the Hadio Corp. of America 
believes-and it's backing its fore
cast with a million-dollar-a-year 
program called Blue Chip. Its ob
ject is to develop an all-purpose 
transmit-receive module and to de
s ign systems to use the module by 
the thousands. 

The integra ted circuits in each 
module would put ou t only a fe"v 
watts . But large combinations of 
the modules , backed by digital con
trol, signal processing and distri
bution subsystems are expected at 
the outset to provide phased-array 
radar systems with beam powers 
of 10 kilowatts. At the other end 
of the power scale one or two 
modules wou ld form a line-of-sight 
microwave relay system. Between 
wou Id fall most other types of 
microwave equipment: telenwtry 
links , airborn e terrain-avoidan ce 
radar , some types of ship radar, 
phased communications systems 

and transponders for satellites. 
Solid-state multipliers have been 

designed to convert the S-band 
frequencies of the basic module to 
C or X bands-a range from 2 Ghz 
to about 8 or 9 Ghz. 

Blue Chip is more than a million
a-year bet for HCA; it is necessary 
insurance. Several of HCA's com
petitors are also developing inte
gra ted microwave systems. How
ever, the HCA program is unique 
in the amount of company money 
being invested and in the versatility 
that HCA expects of the modules. 

I. Competition grows 

The full impact of integrated cir
cuits on microwave technology and 
sales won ' t be felt until after 1970, 
according to Leon S. Nergaard. di
rec tor of the microwave research 
laboratory at the HCA Laboratories 
in Prince ton , N. J. Military experts 
agree on the estimate, he says, but 
feel that if production orders are 
to he booked, operating prototypes 
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Basic build ing block of both complex and simple systems would be transmitter
receiver module (color). Only the subsystems that control module operation 
would be custom built in next-generation microwave equipment. 
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wil l be required before 1970. 
Competition is already heavy at 

the laboratory level in companies 
such as Motorola, Inc., Bell Tele
phone Laboratories, Inc., and in 
many military research programs. 
The largest program previously 
made known is the three-year, $3-
million effort at Texas Instruments 
Incorporated to build an airborne, 
terrain-avoidance radar with 600 
I-watt, X-band modules [Electron
ics , F eb. 21, p. 138]. The Air F orce 
is underwriting 75% of the cost. 

Microwave developers can 
scarcely be unaware of the pros
pects of integrated microwave de
vices and circuits. Heports by TI 
and other mili tary contractors 
amount to a fair-sized book on the 
subject. HCA, however, has kept 
Blue Chip under wraps, although it 
has reported on some foundation 
s tudies that began in 1963. A re
port on microstrip transmission 
lines appeared in the September, 
1966, HCA Heview. Microstrip is 
vital to Blue Chip design , since it 
eliminates microwave plumbing 
and forms much of the circuitry. 

TI got a head start of nearly a 
year in actual integration of its 
module circuitry. At last report, TI 
had worked its way to the trans
mit-receive switch , the stage be
fore the antenna. HCA put its cir
cuit development into high gear in 
January, 1966. This month , Ner
gaard and Harold Sobol , who heads 
the microwave integrated-circuit 
group at HCA Labs, were able to 
disclose breadboards of their es
sential circuits . There are still a 
few missing links: as yet undevel
oped is a fl a t-plate antenna that 
could be fabrica ted as part of the 
module. Also under study is the 
possibility of building digitally con-
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trolled ferrite phase shifters into 
the modules. 

\Vork is moving along rapid ly, 
however, helped by five other 
HCA divisions: Aerospace System~ , 
Astra-Electronics, Electronic Com
ponents and Devices, .Missile and 
Surface Radar and Communica
tions Systems. Planning for the use 
of the modules in systems is cf'n
tered at the Aerospace division, in 
Burlington , Mass. 

11. A systems philosophy 

RCA chose to develop a univer
sal transmitter-receiver because of 
a basic conRict between microwave 
needs and integrated-circuit pro
duction costs. Microwave is a cus
tom business, explains Nergaard, 
but development of integratf' d cir
cuits doesn 't pay except for mas s 
production. 

The module represents a mass
produceable buildin g block for 
many types of systems. Custom 
work is confin ed to circuits that 
perform the signal modulation , 
processing and control, represented 
by the uncolored blocks in the dia
gram on page 114. The special-pur
pose circuitry for a low-power co m-
111unica tions system would be sim 
ple; for a powerful phased array, 
it would be complex, including a 
computer to phase the signals to 
point and combine the multiple out
put beams and do other chores . 

111. A choice of technologies 

Sobol and hi s staff are keeping 
an open mind on which circuits 
to make monolithic, which to makP 
as hybrid integrated circuits and 
which to make as microstrip tran s
mission-line circuits-actually a 

~ 

X-band c irculator is made by burying 
fe rri t e or garnet in microstrip . 

form of hybrid IC-or monolithic 
IC. A prime objective of the re
search program is to identify the 
cost and performance trade offs. 

Tun ed circuits , for instance, can 
be made in at least four ways: 

• Integra ted circuits can have 
thin-film coils and capacitors for the 
tuning function. Thin-film coils 
on ly 40 mils in diameter have b een 
made. 

• Lead inductances of compo
nents in hybrid IC's can take the 
place of the coils. Sobol , however, 
prefers th e co il s. 

• Resonant sec tions of microstrip 
can be used for filtering. 

• External filters can tailor the 
bandwidth of wideband monolithic 

Hybrid integrated c ircuit is breadboard model of i-f st rip that will be 
produced as a monolithic IC. The center strip contains four transistors. 
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Confusing? Not to Sperry ESR. 
The multiple target tracking requirements 
of tomorrow's defense systems have made 
today's radars obsolete_ Hundreds of tar
gets, all traveling faster than ever, may 
have to be tracked almost simultaneously. 
Computer-controlled ESR (Electronically
Scanned Radar) is the system for this new 
multi -function task. ESR delivers position 
and velocity at greater ranges with higher 
data rates and reliability than mechani-

cally-scanned radars. ESR can be installed 
in the nose of fighters forterrain mapping 
and avoidance, search and track of ground 
and air targets , air-to-ground ranging and 
air-to-air fire control. On bombers or for 
early warning in ASW. On ships or mobile 
ground stations. HAPDAR, Sperry 's ESR now 
in successful operation at White Sands, is 
a prime example of this new breed of radar. 
ESR could be the answer to your problem. 

RADIATION DIVISION, Sperry Gyroscope Company, Great Neck, N. Y. 11020 

DIVISION OF 
SPERRY RAND 
CORPORATION 
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Where ean you 
get a power supply 

designed to furnish the 
EXACT CURRENT 

&VOLTAGE 
you need for that 

beautiful system you 
are designing'! 

CAL PDUIER 
CORPORATION 

Formerly Perkin Electronics Corp. & Power Instruments Corp. 

delivered To provide your electronic power package, 
h select a successful organization that puts 

W en ~OU technical integrity first - an organization 
need it with a solid history of performance. 

Select Cal -Power. Our power supplies are riding in space, 
probing the oceans, performing in laboratories, assisting in 
automatic checkouts , keeping production lines humming. 
Precision power packages -from milliwatts to megawatts
standard lab supplies or custom-packaged to fit your specific 
requirements . Whether it's a 28-volt de bench supply or an 
exotic multiple-output power package, we can design, develop 
and manufacture the power sources you need . Toss us your 
challenges _ 
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Times-four multiplier built as 
microstrip raises frequency from 
S band to X band. It was made at 
the Communications Systems division. 

integra ted circuits. 
The thin-film and microstrip ap

proaches look like winners since 
either can be fabrica ted on the 
ceramic dielec trics of microstrip or 
on semiconductor substrates con
taining active devices. 

Microstrip-based hybrid circuits 
form several stages of the module. 
For power amplification at S band, 
overlay transistors are inserted in 
the ceramic. The primary S-bancl 
frequ ency is raised to C and X band 
by microstrip multipliers. The 
times-four multiplier in the photo
graph above contains an inserted 
diode, thin-film res istor and a 
double-tuned filter, formed by the 
three parallel lines. To make the S
hand circulator on page 116, ferrite 
-or yttrium-iron garnet-is in
serted in the ceramic. Mixers are 
presently microstrip with inserted 
diodes, but mixers may later be
come monolithic integrated circuits 
composed of thin-film microstrip on 
semiconductor. 

Eventu ally, compatible micro
strip circuitry will probably be 
combined on common substrates. 
The bulky conn ectors in the photos 
are needed now only to make tests. 

Plans are to make the driver 
chain in the transmitter and the i-f 
strip in the receiver monolithic 
IC's. Th e 500-megahertz i-f cir
cuitry has been breadboarded as a 
hyhrid integrated circuit. It con
tain s four transistors in the center 
strip, which is 120 mils across , and 
thin-film capacitors and resis tors on 
the adjoining substrates. 
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Medical electronics 

Automation in the test labs 
Help is on its way to the harried medical technician in the form of electronic 

equipment for rapid, accurate testing of blood and other body fluids 

By Carl Moskowitz 
Instrumentation editor 

Anxious patients, overburdened 
doctors and understaffed hospitals 
know the frustration of waiting 
for test reports. Now, with Medi
care adding to the work load, the 
nation's labs are facing a gigantic 
problem, intensified by the short
age of technicians and adequate 
equipment. Tes ts are still per
formed manually and, even in 
emergencies, reports may take 
hours to complete. Often doctors 
reques t repeats because they have 
lost confidence in the labs' results. 
This snag has doubled the number 
of tests required in the last few 
years, according to Robert S. Mel
ville, program administrator of the 
National Institutes of H ealth's re
search branch. 

Now the electronics industry is 
helping to solve this vast problem. 
Three companies have developed 
equipment for automatically an
alyzing blood and other body-fluid 
samples that will permit hospitals 
and labs to make hundreds of tes ts 
every hour. The lab cos t of a typ
ical series of such tes ts will be 
sharply reduced from an average 
of $100 to an amazingly low $2. 

These devices could go a long 
way toward breaking the tes ting 
logjam. Dr. Kamill Gal , director 
of clinical pathology at the hospital 
of Albert Einstein Medical College 
in New York, reports , "one instru
ment, serviced by one technician 
does the work of almost 20 tech
nicians. The equipment occupies 
kss premium hospital space and 
the cost is less than half that of con
ventional equipment needed to do 
the same work. The automatic ana
lyzer at Einstein has given the doc
tors something that was never 
before feasible-Fu II lab service 
around the clock." 

A word of caution. Although 
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these instruments have provoked 
wide interest, one NIH expert 
warns that they are by no means 
the final answer. Changes in test 
procedures, for example, cou ld ob
solete many of the electronic mod
ules in this type of laboratory 
equ ipment. 

Technicon Instruments Corp. 
has already installed 85 of its 
SMA-12 Autoanalyzers which sell 
for about $30,000 each. A company 
spokesman says that another 125 
have been ordered and are being 
readied for delivery. ' Varner-Chil
cott Laboratories, on the other 
hand, will ship the first production 
unit of its Robot Chemist shortly . 
Pre-production prototypes, how
ever, have been evaluated at Kaiser 

Foundation H ospital in San Fran
cisco and Norfolk (Va.) General 
H ospital. Hycell Corp. will not 
ship the first units of its Mark X 
until early in 1967. 

I. Continuous flow 

Technicon's Autoanalyzer is a 
continuous flow analyzer. The 
SMA-12 performs 12 differen t 
chemical tes ts simultaneously on 
each sample. Samples are analyzed 
at a rate of 30 per hour and the 
machine provides a complete 12-
deterrnination analysis on each 
sample [see page 120]. The cos t 
of such a report, according to a 
Technicon official, is about $1.70 
at a rate of 100 samples per day. 
This includes the machine's amor-

==ea === == :: 

Dr. Ka mill Gal, left, chief pathologist at th e Al bert Einstei n hospital, 
says " one Autoanalyzer does the work of 20 technicians." 
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tization, the cost of reagents and 
$40 per day for a technician. The 
hospital model determines the con
centration of sodium, potassium, 
chloride, carbon dioxide, total pro
tein, albumin , urea, glucose, cal
cium, bilirubin, alkaline phospha
tase and glutamic oxalacetic trans
aminase in the blood. These tests 
comprise nearly 90% of a typical 
hospital's biochemical job load. 

The sample to be analyzed is 
inserted into a continuous stream 
of diluent flowing through the 
SMA-12. Air pumped into the 
stream produces bubbles that seg
ment the stream into discrete 
quantities and separate the sam
ples. The smaller samples are 
mixed with the necessary reagents 

and the readout is made by color
imeters , or, in the case of potassium 
and sodium, by a flame photom
eter. The instrument is programed 
to record each tes t only when a 
steady signal plateau is reached 
by the colorimeters or photometer. 

Promising, but not perfect. Al
though unofficial evalu ations indi
cate the Autoanalyzer is a prom
ising development, it docs have 
problems. A basic difficulty has 
even created some doubts about 
the continuous flow concept. All 12 
channels of the SMA-12 are tightly 
interlocked in the sense that re
agents and temperature controls 
for each tes t must follow in a 
strict sequence. It is therefore im
possible to lift one tes t out of the 
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PATIENT'S NAME--------------------------

NO .. _ _____ ·---~ WARD•-------DATE--------~ 

Typical readout of th e const itu ents in a patient 's blood sample processed 
by the Autoanalyzer. Thirty such reports can be done an hour with the 
machine. The gray areas on the chart indicate normal values for each con
centration so a doctor ca n spot discrepancies immediately. 
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system and substitute it with an
other without affecting the 11 other 
channels. 

11. Batch principle 

Another device is Warner-Chil
cott' s Robot Chemist. This instru
ment operates on the batch prin
ciple. One single tes t is made on 
up to 1,000 samples and then th e 
machine goes back to the begin
ning and makes additional tes ts, 
one by one, until the required 
number have been completed on 
the entire batch . A spectropho
tometer reads out the absorbance 
of reagents in the samples, and a 
programer controls the sequencing 
of tes ts. The Robot Chemist sell s 
for about $16,000 and makes two 
determinations per minute. 

Digital output. While each deter
mination is made and the results 
printed out within 30 seconds, the 
final result for any one patient is 
not available until all the determi
nations for a group of 100 is com
plete-about five hours. 

The Robot Chemist seems b etter 
suited for a huge number of sam
ples where prompt readout is not 
a particular virtue-as in preven
tive care medicine. Samples can 
be removed at any point without 
disturbing other samples . If one 
channel breaks down it will not 
des troy the results received from 
the other channels. 

Even though ' Varner-Chilco tt has 
yet to ship the first production 
models of th e Robot Chemis t, Ed
win 0. Brown, ' V-C's marketing 
manager of in strum ents. r<.'nor ts 
Kaiser and some clini cal labs have 
placed orders for the machine. 

111. Batch and flow 

A third in strument is the Hycell 
Corp.'s Murk X. Combining both 
batch and continuous flow analysis, 
it can perform 10 chemical an 
alyses on a sample and make al
most 400 determinations per hour 
with color in1c lers and photoce lls. 
H ycell will sh ip its firs t unit cost
ing $45,000 in 1967. 

A company spokesman claims 
that although the l\!Iark X operates 
on the continuous flow principle, it 
is poss ible to break in cleanl y at 
any point. Al so it can b e pro
gramed to leave out a specific tes t 
for a specifi c patient without up
setting th e delicate mix and se
quence of re a gen ts. 
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This s1800 counter won't 
do everything 
our s2950 model will. 

. " 
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But it takes the same plug-ins. 
And one of those plug-ins can take you directly to 12.4 
GHz with 1 Hz resolution. But that's not all. Look at some 
of the other nine plug-ins you can use with this remark
able counter : 

• Direct readout prescaler, de to 350 MHz 
•Time interval, 1 µsec to 106 sec. 
• Video amplifier with 1 mv sensitivity 
• Preset counting and normalizing 
• Digital voltage measurement to 1000 v 
• Four frequency converters-up to 12.4 GHz 

The 5246L is an economy instrument that can't be 
matched in performance for dollar. It can use every one 
of the high-performance plug-ins we developed for our 
5245L Counter . Hewlett-Packard's counter experience is 
built into the new 5246L, along with traditional HP re
liability. And you can't beat the price. 

HEWLETT 
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SPECIFICATIONS: 

Frequency Range : 
Gate Times: 
Readout: 
Input Coupling: 
Input Impedance : 
Max. Sensitivity: 
Readout Storage: 
BCD Output : 
Time Base Aging Rate: 

Price: 

de to 50 MHz 
1 µsec to 1 sec 
6 digits (7 and 8 optional) 
ac or de 
1 meg/25 pf 
100 mv rms 
yes 
optional 
< ± 2 parts/107 /month 
( < 3 parts/109 /day optional) 
$1800 

Want more information? Call or write your Hewlett
Packard field engineer for complete data, Hewlett
Packard, Palo Alto, Calif. 94304, Tel . (415) 326-7000; 
Europe: 54 Route des Acacias, Geneva. 

Data subject to change without notice. Price t .o.b. factory. 

~ PACKARD 
An extra. wcmwrc of q11ality 

Circle 121 on rea der service card 
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Meet any programable or fixed voltage need 
Up to 150 volts • Up to 95 amps 

B c 

-,~- ! ~:.-~ 
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FEATURES and DATA 
Full line of accessories and options to meet your system 
needs. Meet Mil. Environment Specs. RFl -MIL-1-16910: 
Vibration: MIL-T-4807A: Shock: MIL-E-4970A •Proc. 1 & 2: 
Humidity: MIL-STD -810 • Meth. 507 : Temp. Shock: 
MIL-E-5272C • (ASG) Proc. 1: Altitude: MIL-E-4970A • 
(ASG) Proc. 1: Marking: MIL-STD-130: Quality: MIL-Q-9858: 
Fungus Proofing (optional) all models available with 
MIL-V-173 varnish for all nutrient components. 
Convection cooled- no heat sinking or forced air required 
Wide input voltage and frequency range-105-132 VAC, 
(200-250 VAC, optional at no extra charge) 45-440 cps 
Regulation (line) 0.05% plus 4MV (load) 0 .03% plus 3MV: 
Ripple and Noise - 1 MV rms, 3MV p to p 
Overvoltage protection available for all models up to 
70 VDC 
High Performance Option-All models available with these 
specifications for $25.00 extra : Line regulation - .01 % 
+ lMV; Load regulation- .02% + 2MV: Ripple and Noise-
1hMV rms; 11hMV p top: Temp. Coef.- .Ol%°C 

ACCESSORIES 
and OPTIONS 

System Rack Adapters 
LRA-5 • 31h" height by 2Yi 6 " depth. Price $35.00 

LRA-4 • 3 1h" height by 14" depth. (For use with chassis 
slides) Price $55.00 

LRA-5 and LRA-4 mount the following combinations of 
LM models: up to 4 A package sizes • 3 B or 3 C package 
sizes • 2 A and 1 B or 1 C package sizes 

LRA-3 • 51A" height by 2Yi 6 " depth. Price $35.00 

LRA-6 • 5V.." height by 14" depth. (For use with chassis 
slides) Price $60.00 

LRA-3 and LRA-6 mount the following combinations of 
LM models: up to 4 A, B or C package sizes • 3 CC package 
sizes • 2 D or 2 E package sizes • 2 A, B or C and 1 CC or 
1 D or 1 E package sizes • 1 CC and 1 D or 1 E package 
sizes • 1 D and 1 E package sizes 

Metered Panels • 3 112'' Metered panel MP-3 is 
used with rack adapters LRA-4, LRA-5 and packages A, 
B and C. Price $40.00 

5V.." Metered panel MP-5 is used with rack adapters 
LRA-6, LRA-3 and packages A, B, C, CC, D and E. Price $40.00 

To order these accessory metered panels, ·specify panel 
number which MUST BE FOLLOWED BY the MODEL 
NUMBER of the power supply with which it will be used. 

F and G LM Packages are full rack power supplies avail
able metered or non-metered . For metered models, add 
.suff ix M to the Model No. and $30 to the non-metered 
price. 

Other Options • Also available are Overvoltage 
Protectors, Fungus Proofing, and High Performance Op
tions at moderate surcharges. 

E 
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WIDE VOLTAGE RANGE 
PROGRAMABLE LM SERIES MODELS 

PACKAGE A ADJ . VOLT. • MAX. AMPS AT AMBIENT OF: 

33/1 •" Xl;'4" 16l/2" RANGE voe 40°c 50°C 6Q• c 71°e Price•• 
LM 251 0-7 0 .3 5 0 .31 0 .29 0 .27 $ 69 
LM 201 0-7 0 .85 0 .75 0 .70 0.55 79 
LM 202 0-7 1.7 1.5 1.4 I.I 89 
LM 252 0-7 2.0 1.8 1.4 I.I 99 
LM 257 0-14 0 .27 0 .24 0 .23 0.22 69 
LM 203 0-14 0 .45 0 .40 0 .38 0 .28 79 
LM 204 0-14 0 .90 0 .80 0 .75 0 .55 89 
LM 258 0-14 1.2 I.I 1 .0 0.80 99 
LM 259 0-24 0 .18 0 .16 0 .15 0 . 14 69 
LM 260 0-24 0 .35 0 .30 0 .25 0 .20 79 
LM 261 0-24 0 .70 0.65 0 .60 0 .45 89 
LM 262 0-24 0 .80 0 .75 0 .70 0 .60 99 
LM 263 0-32 0 .14 0 .12 0 .11 0 .10 69 
LM !05 0·32 0 .25 0 .23 0.20 0.15 79 
LM 206 0-32 0 .50 0.45 0.40 0 .30 89 
LM 264 0-32 0 .66 0 .60 0 .50 0 .32 99 
LM 265 0-60 0 .08 0 .07 O.D7 0 .06 79 
LM 207 0-60 0 .13 0 .12 0 .11 0.08 89 
LM 208 0-60 0 .25 0 .23 0 .2 1 0 .16 99 
LM 266 0 -60 0 .35 0 .3 1 0.28 0 .25 109 
LM 267 0-120 0 .10 0 .09 0 .08 0 .07 109 
LM 268 0·120 0 .13 0 .12 0 .10 0.09 119 

PACKAGE B ADJ . VOLT. • MAX. A MPS AT AMBIENT OF: 

J :Y1 •"x4 1Sf1 •"x6'h" RANGE voe 4o• e 5o• e 6Q• e 7l°e Price•• 

LMB-0-7 0 - 7 2.8 2.6 2 .3 1.5 $109 

LMB-0-14 0 - 14 1.6 1.5 1.3 1.2 109 

LMB-0-32 0 - 32 0 .80 0 .70 0 .60 0.5 109 

LMB-0-60 0 - 60 0.45 0 .40 0 .35 0 .3 109 

LM-217 8 .5 - 14 2.1 1.9 1.7 1.3 119 

LM-218 13 - 23 1.5 1.3 1.2 1.0 119 
LM-219 22-32 1.2 I.I 1.0 0 .80 119 

LM-220 30-60 0 .70 0 .65 0 .60 0 .45 129 

PACKAGE e ADJ . VOLT. • MAX. AMPS AT AMBIENT OF: 

3¥,.''X4 1Sf1t." X9l/1' RANGE voe 4o• e 5o• e 6Q• e 7 l°e Price •• 

LM-225 0 - 7 4 .0 3 .6 3.0 2 .4 $1 39 

LMC-0-14 0 - 14 2.2 2.0 1.8 1.5 139 
,~ 

LMC-0-32 0 - 32 I.I 1.0 0.90 0 .80 139 

LMC-0-60 0 - 60 0 .60 0 .55 0 .50 0 .45 139 

LM-226 8 .5 -14 3 .3 3 .0 2.5 2.0 139 

LM-227 13-23 2.3 2.1 1.7 1.4 139 
LM-228 22 - 32 2 .0 1.8 1.5 1.2 139 

LM-229 30-60 I.I 1.0 0 .80 0 .60 149 ..... 
PACKAGED ADJ. VOLT. • MAX. AMPS AT AMBIENT OF: 

41s;,,."17 •fi"x9 l/a" RANGE voe 4o• e 50°C 6Q• c 7 l°e Price• • 

LM-234 0 - 7 8 .3 7 .3 6 .5 5 .5 $199 

LMD·0-14 0 - 14 4 .9 4 .2 3.4 2 .7 199 

LMD-0-32 0 -32 2.5 2. 1 1.7 1.3 180 .. 
LMD·0-60 0 - 60 1. 3 I.I 0 .95 0.75 239 
LM-235 8 .5 - 14 7.7 6 .8 6 .0 4 .8 199 
LM-236 13-23 5.8 5 .1 4 .5 3 .6 209 
LM-237 22 32 5 .0 4.4 3.9 3. 1 2 19 
LM-238 30-60 2.6 2.3 2.0 1.6 239 ' • 

PACKAGE E ADJ. VOLT. • MAX. AMPS AT AMBIENT OF: 

4 15116" x7 1/,"x11 7fe" RANGE voe 40°e 5o• c 6Q• e 7 l°e Price •• 
LME-0-7 0 - 7 12.0 10.5 8.5 6 .8 $249 
LME·0-14 0 - 14 7.4 6 .4 5 .2 4.1 249 

l" LME-0-32 0 -32 3.7 3 .2 2.6 2 .1 249 
LME-0-60 0 - 60 2. 1 1.7 1.4 I.I 249 

" PACKAGE F ADJ. VOLT. 0 MAX. AMPS AT AMBIENT OF: 
J lh"X19" X16 1f2" RANGE voe 40° C 5o· c 6Q• e 7l°C Price • • 

LMF-0-7 0 - 7 25.0 21.0 17.0 14 .0 $425 

PACKAGE G ADJ . VOLT. * MAX. AM PS AT AMBIENT OF: 
51 " x1 9"x16 1f: " RANGE voe 4o · c 50°e 6Q• e 7 l° C Price •• 

LMG-0-7 0 - 7 35.0 29 .0 24 .0 20.0 $575 ,... 

, 
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FIXED VOLTAGE RANGE 

PACKAGE B ADJ . VOLT. • MAX. AMPS AT AMBIENT OF: 

3 l/16"X4 1 V1.''X6 lfi" RANGE voe 4o• c so•c 50•c 7 l°C Price•• 

LM 83 3 ± 5% 3.8 3 .3 2.6 1.6 $119 
LM B3P3 3.3±5% 3 .8 3 .3 2 .6 1.6 119 
LM B3P6 3 .6± 5% 3.8 3 .3 2.6 1.6 119 
LM 84 4 :t5% 3 .8 3.3 2.6 1.6 119 
LM 84PS 4 .5 :±:: 5% 3 .7 3 .2 2.S l.S 119 
LM BS s ± 5% 3.7 3.2 2.S l.S 119 
LM 86 6 :!::5% 3 .2 2.9 2.4 1.4 119 
LM BS 8 := s% 3 .2 2.9 2.4 1.4 119 
LM 8IO 10 ± 5% 2.7 2.5 2.2 1.4 119 
LM 81 2 12 ± 5% 2.5 2.3 2. 1 1.3 119 
LM 815 15 ::!:5 % 2.2 2.0 1.8 1.3 119 
LM 8I8 18 :±:: 5% 2.0 1.8 1.7 1.3 119 
LM 8 20 20 :!::5 % 1.8 1.6 1.5 1.2 119 
LM 8 24 24 :!:: 5% 1.4 1.3 1.2 I.I 119 
LM 8 28 28 .±: 5% 1.3 1.2 I.I 1.0 119 
LM 836 36 ± 5% I.I 1.0 0 .90 0.85 I 29 
LM 848 48 ± 5% 0 .9 0.85 0.80 0.75 I29 
LM 860 60 ± 5% 0.7 0 .65 0 .60 0.54 I 29 
LM 8100 100 ± 5% 0.37 0 .34 0 .30 0.28 I39 
LM 81 20 120 ± 5% 0 .30 0.28 0.25 0.23 I39 
LM 81 50 150 ± 5% 0 .2 5 0 .23 0 .20 0.19 I49 

NOTE: 
Space does not permit listing all LM Series fixed· 
voltage power supplies. In every package size there 
are models for each voltage range listed under the 
B package and all units are multi-current-rated for 
40°C, 50°C, 60°C and 71 °C. Call or write for data 
and prices. 

• Current rating is from zero to I max. at ambient. 
Current rating applies over entire output voltage 
range. 

Current rating applies for input voltage 105-132 
VAC 55-65 cps. 

For operation at 45-55 cps aerate current rating 
10%. 

For operation at 360-440 cps consult factory for 
ratings and specifications. 

• * Prices F.0 .B. Factory, Melville, N. Y. All speci· 
fications and prices subject to change without notice. 

LM SERIES MODELS 

PACKAGE C ADJ. VOLT. • MAX. AMPS 

3l/1•"14 1V16"x9¥1' RANGE voe 4o• c 50•c Price•• 

LM C3 3 ::: 5% S.3 3.7 $I39 
LM C4 4 ± 5% S.2 3 .6 139 
LM C4P5 4 .5= 5% S. I 3 .S 139 
LM CS 5 :!::5% S.l 3 .4 139 
LM C6 6 =: 5% 4 .8 3 .3 139 
LM Cl2 12 ± 5% 4 .0 2.9 139 
LM CIS I5 :!::5% 3.5 2.8 139 

LM C20 20 ± 5% 3 .1 2 .6 139 
LM C24 24 :!:5% 2 .S 2 .2 139 
LM C28 28 :!:: 5% 2 .3 2 .0 139 

LM C48 48 ± 5% 1.6 1.3 149 
LM ClSO lSO ± 5 % 0 .39 0 .33 169 

NEW ADJ . VOLT. • MAX . AMPS 
PACKAGE CC RANGE voe 40°c 50°c Price •• 4 1 i/1•"1(4 1 i/1•" •9%" 

LM CC3 3 ~5% 11.0 8 .2 $179 

LM CC4 4 :::::5% 11.0 8 .2 I79 

LM CC4P5 4 .5::!: 5% 10.5 8.0 179 

LM CC5 5 :!:::5% 10.S 8.0 179 

LM CC6 6 :::: 5% 9 .0 7.7 179 

LM CC1 2 12 = 5% 7.3 5.9 169 

LM CCIS lS :!::: 5% 6 .0 5.1 I69 

LM CC20 20 = 5% 5.0 4 .2 I69 

LM CC24 24 =:: 5% 4 .0 3.4 I69 

LM CC28 28 _ s% 3.5 3 .1 169 

LM CC48 48 ::::: 5% 2 .5 2.2 189 

LM CCI SO 150 ::::: 5% 0 .7 0 .62 199 

PACKAGED ADJ. VOLT. "' MAX . AMPS 

4 15/1•"X7 1/i"X9l/a" RANGE voe 4o• c 50•c Price•• 

LM 03 3 ± 5% I3. l 9 .2 $199 
LM 04 4 = 5% 13. I 9 .2 199 
LM D4P5 4.5± 5% 13 .l 9 .2 199 
LM 05 s ± 5% 12 .6 9 .2 199 
LM 06 6 ± 5% 12.4 8 .9 199 
LM DI 2 12 ± 5% 10.0 8 .3 199 

LM DlS l S ± 5% 9 .0 7.9 209 

LM 020 20 ± 5% 7 .4 6 .5 209 
LM 0 24 24 = 5% 6.7 S.8 219 
LM 028 28 ± 5% 6 .0 S.2 219 
LM 048 48 ± 5% 4 .1 3 .6 239 

LM DISO 150 ±5% 1.1 0 .90 2S4 

PACKAGE E 
4• 5/16" x7 1f,"x11 %' 

LM E3 

LM E4 
LM E4PS 
LM ES 
LM E6 
LM E12 

LM EIS 
LM E20 
LM E24 
LM E28 

LM E48 
LM El SO 

PACKAGE F 
J 1fi"x19" x16 •h" 

LM FAJ 
LM FA4 

LM FA4P5 

LM FAS 

LM FA6 

LM FA1 2 

LM FAlS 

LM FA20 

LM FA24 

LM FA28 

LM FA48 

LM FA1 50 
LM F3 
LM F4 
LM F4P5 

LM FS 

LM F6 

LM F1 2 

LM FI S 
LM F20 

LM F24 
LM F28 

LM F48 

LM F150 

PACKAGE G 
s •~"x19"x16 1h" 

LM G3 
LM G4 

LM G4P5 

LM GS 

LM G6 
LM Gl2 

LM GlS 

LM G20 

LM G24 

LM G28 
LM G48 

LM GlSO 

SEND FOR NEW CATALOG ON FIXED VOLTAGE 
AND WIDE RANGE MODULAR POWER SUPPLIES 

ADJ . VOLT. • MAX. AMPS 

RANGE voe 40°C 60°C Pri ce•• 

3 ± 5% 22.0 16 .5 $ 269 
4 ± 5% 21.0 16.S 269 

4 .5± 5% 20.0 16.4 269 

s ±5% 20.0 16.4 269 

6 ±5% 19.0 15.6 269 

12 ±5% IS .O 12.3 269 

IS ± 5% 14 .0 11.5 269 
20 ::::5% 12.0 9 .8 269 

24 =::5% 11.0 9 .0 269 

28 ± 5% 10.0 8 .0 269 

48 ::=:5% 6 .0 4 .9 299 

150 =5% 1.4 1.2 299 

ADJ . VOLT. 0 MAX. AMPS 
RANGE voe 40 c 60 c Price •• 

3 =5% 31.5 24.0 $375 
4 =5% 31.5 24.0 375 

4 . 5::::5~ 31.5 24 .0 375 

5 =5•o 3 1 5 23 .7 37S 

6 =S°'o 30.5 22.0 375 

12 ::::5% 22.0 16.2 37S 

15 = 5% 19 4 15 2 37S 

20 = s% 16.0 12 .6 3SO 
24 =5% 14 .0 l 14 3SO 

28 = 5% 13 .5 10.4 3SO 
48 ::::5% 8 .1 65 37S 

150 =so,,, 2 .4 1.8 4IO 
3 ::::5% 48 .0 34 .0 425 
4 :::::5% 48.0 34 .0 4 2S 
4.5=5% 48.0 34 .0 425 

5 = 5% 48.0 33.0 42S 
6 :::::501c, 47 .0 32.0 425 

12 =::5% 33 .0 22.0 425 
15 =5% 28.0 19 .0 42S 
20 = 5% 23.0 17.0 39S 
24 :::::5% 20 0 14 0 3 80 
28 = 5% 19 .0 13 0 380 
48 ::::5% 10.0 7.5 42S 

150 =5% 3 .1 2.1 460 

ADJ . VOLT. • MAX . AMPS 

RANGE voe 4o•c 60°C Price•• 

3 =:: 5% 95.0 62 .0 $ S75 

4 =5% 85.0 62.0 57S 

4.5=::5% 85 .0 6 2.0 S7S 

s =::5% 80.0 62 .0 S7S 

6 ±5% 80 0 62 .0 52S 

12 =5% 56.0 37.0 52S 

15 ±5% 45 .0 36.0 S2S 

20 ±5% 35.0 28.0 S2S 
24 =s% 32.0 21.0 480 
28 ±5% 28.0 21.0 480 
48 ± 5% 17 .0 12 0 S7S 

lSO :::!::5% S.5 4 .5 675 

--&LAMBDA E L E c T R o N 1 c s c o R P. A rV~ suBs1 DI AR Y 
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The 
devil's 
advocate 

That's one of the many roles played 
by our Corporate Director of Reliabil
ity. He 's responsible for the reliability 
of all I RC products. He double-checks 
basic designs. Keeps an eagle eye on 
production. Never goes easy on in
spection and testing . 

He 's not above stopping a ship
ment at the door if it doesn 't meet 
IRC 's standards . Even if it does meet 
the customer 's specifications. 

This IRC att it ude toward total relia
bility has practical advantages for 
yo u. Now yo u can choose from sev
eral opt imum eco nomical levels of 
reliabi lity in res istors, potentiometers 
and sem iconductors. And IRC is the 

Circle 124 on r--::'e r service card 

first to publish prices for standard 
metal films at three reliability levels. 

At IRC, reliability is a management 
responsibility ... not just a specif ica
tion gesture. For top management 
attention, address your questions on 
reliability to our Director of Reliab ility. 

President 

l 
I l l 

Di rector of 
Reliabil ity 

IRC , Inc ., Philadelphia , Pa. 19108 
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"I New Products 
.,. 

Field effect multiplies tube's gain 100 times 
Eliminating the grid and channeling electrons with a magnetic field 

g:ves a simple but rugged triode with high gain and efficiency 

-. 

Many problems associated with us
ing vacuum h1bes as a high-power 
source arc eliminated in a triode, 
ca ll ed a field effect tube, introduced 
at the Electronic Devices Confer
ence in " ' ashington last week. 
Since many of the vacuum tube's 
problems stem from the fin e wire 
grid in the path of electron flow, 
the manufacturer, the Amperex 
E lec tronic Corp. , h as eliminated the 
grid in the path of electron flow, 
tween and are controlled by two 
parall el pla tes, called the gate; 
other versions have a concentric 
cylinder for the gate, with the elec
tron flow along the axis. 

In conventional vacuum tubes, 
electrons s triking the grid reduce 
the h1be's gain, cause secondary 
em issions that reduce the grid's 
control and may cause the grid to 
emit gases that poison the cathode. 
Grids also present problems of ther
mal deformation and mechanical 
damage. 

In th e Amperex tube, a magnetic 
fi eld applied parallel to the gate
plates or along the cylinder axis 
prevents most emitted electrons 
from hitting th e ga te structure. The 
res11 lt: th e tu b e' s gain increases by 
a factor of over 100, and gassing 
and secondary emission are re
clu eccl. 

Because the gate is solid metal, 
it is ex tremely rugged and has 
better heat conductivity than a grid. 
Because of th e tube's simplicity, 
Ampcrex expects it to b e cheaper 
to build than other power amplifier 
t11 b es. And because the gate can 
h andle high input powers without 
overheating, Amperex says it is 
possible to build h1bes with con-

.. tinuous wave outputs as high as 1 
megawatt. In a conventional h1be, 
the power that the grid can handle 
limits the maximum power outpu t 
of the tube. 

Amperex claims that the power 
"\ gains are in the order of 5,000 to 

10,000 and power outputs are in 
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COLL ECTOR 

GATE 

In the field effect triode, the emitter, 
gate and co llector correspond to a 
conventional tube's cathode, grid 
and plate . Gate structure is solid 
metal , however, and therefore is ve ry 
rugged . Magnetic field prevents 
electrons from hitting gate and 
increases tube's gain. 

the kilowatt range. Conventional 
triodes have gains of 10 to 40 while 
tetrocles have gains less than 500. 
According to Eduard G. Dorgelo, 
Amperex's vice pres ident of re
search and development, pen tocle 
power amplifiers can have gains 
in excess of 10,000, but they also 
have all the problems of a multi
gricl tu be. 

Dorgelo indica tes that the basic 
principles in the new design have 
been known for years and says he 
considers the fi eld effect tube as 
the simples t three-elec trode tu be 
that can b e built. 

Arnperex will market the first 
fi eld effect tube early next year. It 

will be a 1.2 kw tube with a gain 
of 5,000 and an effi ciency of 80% 
to 85%. Dorgelo indi ca tes that the 
tube's effi ciency is as much as 20% 
greater than conventional triodes 
b ecause fewer electron s are in ter
cepted b y the gate and the mag
netic fi eld reduces the effect of 
secondary em ission from the plate. 

M achlett Laboratories, In c., 
Springdale, Conn. , an affi li a te of 
the Ray theon Co., also produ ces 
tubes with a magneti c beam in g 
principle that reduces th e nu mber 
of elec trons that the grid intercepts 
from abou t 20% to 25% to abou t 
2 % or 3% [Electronics, July 27, 
1965, p . 32). The tubes have gains 
of about 500 and supply powers of 
up to 200 kw. H ovvever, the tubes 
still have grids. 

Amperex began developing its 
tube in 1964. In July, 1965, it re
ceived a contract from the Navy 
Bureau of Ships' electronic divi
sion to determine if the h1be would 
surpass commercially available 
tubes. The Navy is considering it 
for shipboard applications such as 
sonar. 

The tu be bas also been tes ted at 
frequencies as high as 450 mega
hertz for an Air Force application. 
Dorgelo says that th e large spac
ings in th e tube result in large 
transit times-the time it takes for 
an electron to get from the em itter 
to the collector-and consequ en tly 
th e tube is not suitable for micro
wave frequ encies. 

Amperex says that the tube also 
has annlica tion s in amplih1de-mod
ulatecl broadcas ting, induction and 
dielectric hea ting and as a power 
switcher for a radar modulator. Ap
plications in frequ ency-modulated 
broadcasting are also possible al
though th e tu be has not b een tes ted 
in this fi eld. 

Am perex Electronic Corp. 230 Duffy Ave. 
Hicksville, L.I ., N.Y., 
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New Components and Hardware 

Nonmagnetic guides 
hold p-c boards 

Board guides for printed circuits 
include integral cantilever spring 
grips that prevent lateral motion 
and provide high retention under 
severe stress, shock and vibration. 
Th e series 30 units are polycar
bonate, nonmagnetic, one-piece, 
and lightweight. Gauges from 0.050 
to 0.125 in . can be held. Integral 
press lugs let the guide snap into 
place without fasten ers. 

The corrosion-proof gu ides with
stand temperatures up to 250°F. 
Open areas in the holders permit 
air to Row easily to the circuits. 

The guides, which recover rap
id ly from stress, are priced at 15 
cents each in quantities of 5,000. 
Taurus Corp., Academy Hill , Lambert
ville, N.J., 08530. [351] 

Small relay provides 
clean switching action 

Miniature 4pdt relays provide ex
tremely low contact res istance of 
0.05 ohm maximum at first and 

126 

0.10 ohm maximum after li fe . 
Measuri ng 1 in . in diameter by 
1 in. high, the series 350 relay of
fers optimum operation for dry cir
cu it (low-level) to 2-amp applica
tions. 

A " ·edge action contact mecha
nism and a linear solenoid motor 
for minimum contact bounce and 
chatter provide a dry-c ircuit con
fidence of 90% based on a failure 
rate of 0.001 % per 10,000 opera
tions. 

The relays meet or surpass :\UL
R-5757 /7 requirements and are de
signed to operate under these con
ditions: temperatures from - 65° 
to + ns °C, vibration , 30 g to 3,000 
hz, and shock of 100 g for 11 msec 
(± 1 rnsec). 

\Ye ighing only 2.2 oz, the relays 
are interchan geable with other 
makes. They are offered with 
solder hook or plu g-in terminal s. 
Standard sockets are ava il able for 
plug-in types . Contact surfaces are 
eleetrodepos ited gold over elec tro
dL'J'ositecl fin e si lver. 
Electro-Tee Corp., P. 0. Box 667, Or· 
mond Beach, Fla ., 32074. [352] 

Miniature capacitor 
inserts automatically 

-tl1illt ------ ---
~ 

A rnicrominiature ceramic capacitor 
of rugged molded construction and 
uniform size is intended for auto
ma tion insertion and use in any ap
pli cation that must meet :\IIL-C-
1101.SC. Layers of dielectric are 
controlled so uniformlv that vol t
age hreakclO\\·n run s as much as 
15 times the rated voltage. 

The C-02 capac itor measures 
0.19.5 in . long by 0.070 in. in cli
am etC:' r. Leads of tinned copper or 
gold-flashed dumet, which can be 
welded or soldered, are 1 in. long 
and 0.015 in. in diameter. 

Capacitance ranges from 100 to 
2,200 pf and 2,700 to 4,700 p f at 
100 and at 50 v, respectively, with 
operating tempera ture from -55° 
to + 125°C for all conditions. 
Standard tolerances are ± 10% and 
±20%, with closer tol eran ces, in
cluding unbalanced toleran ces, on 
requ es t. 

Prices range from 41 cents to 
$2.54. Small quantities are ava il
able from stock; production quanti
ties , 4 to 5 weeks ' delivery. A sam
ple of the C-02 and a techni cal 
bulletin are available. 
American Components, Inc., 8th Ave . 
at Harry St., Conshohocken, Pa., 19428. 
[353] 

Metal film resistors 

feature low values 

The PME me tal Rim res istors fea
ture a temperature coeffi c ient of 
± 10 ppm/ °C and valu es as lo\,. as 
10 ohm s. Th ey are also available: 
in temperature coeffic ients of ± 25, 
50 and 100 ppm/ °C and res istance 
valu es up to 3 megohms. 

Th e res istor, rated at 1/ 10 watt , 
measures on ly 0.250 in . long x 0.095 
in. in diameter. It features the 
rnanu facturer ' s Pyroclacl protecth·e 
coverin g and a scecial encl cap 
cons tru ction which th e company 
says offers exce~ . tionally high pro
tec tion against moisture and en
vironnwntal ex tremes. Their small 
size suits th e units for precision 
miniaturized equipm ent with either 
conventional wiring or p-c boards. 
The PME 55 is designed to meet 
all the requirements of MIL-R-
10509. 
Pyrofilm Resistor Co., In c., 3 Saddle 
Road, Cedar Knolls, N.J . [354] 
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GRAPHS AND CHARTS ARE INTERESTING DON'T YOU THINK? 
The ones appearing below feature our 2SC684 transistor and 1S750 diode, 

both recommended for use in UHF TV sets . 

Item Condition of Measurement 

Collector Cut-off Current VeB=lOV, IE =0 

DC Current Transfer Ratio VeE=lOV, le =lOmA 
Collector to Emitter Saturation Voltage le =20 mA, IB =4 mA 
Collector Output Capacitance VeB=lOV, IE =0, f=l MHz 

Gain Band Width Product VeE=lOV, le =lOmA, 

Base Time Constant VeB = 10 V, le = 10 mA, [=31.8 MHz 

Oscillation Power Output VeB = 10 V, le = 10 mA, [=930 MHz 

Item 

Is =887MHz, N1F =2.8dB 
Total Noise Figure Io =2mA IZ1Fl =1550 

RL =6.3 0 fI F =44 MHz 

Is =887 MHz, N1 F =2.8 dB 
Conversion Loss Io =2mA IZ1Fl =1550 

RL =6.3 0 fI F =44 MHz 

EmlEmEDEmll ------------_ ....... ------llillllllD-Eml -------------

If you found all this informative you may like to inquire further to · 

@!:!i!~£~ 
HITACHI SALES CORPORATION: 333 N. M ichigan Avenue, Chicago, Ill. 60601, U.S.A. Tel : 726·4572/ 4/ 666, 5th Avenue, New York , N.Y. 10019, 
U .S.A. Tel: 581 ·8844 / HITACHI, LTD., DUESSELDORF OFFICE: 4 Duesseldorf, Graf Adolf Strasse 37, West Germany Tel : 10846 
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New Semiconductors 

Dual-gate MOS FET mimics cascade tubes 

A transistor tha t acts like a pair of GATE 2 

triode elec tron tu bes in a cascode 
GATE I 

circuit arrangement has b een de-
veloped by the Racl io Corp. of 
America. An in sula ted dou hie-gate 
fi eld effect transistor, it may offer 
better performance characteri stics 
than an y bipolar or single-ga te fi eld 
effect transistor on tho market, RCA 
says. It coul d mean a whole fam ily 
of new tran sistors. Sample quan
tities of hYo version s are ava il abl e. 

:\fodel T A7010 is des igned for 
military and industrial communica
tion s receivers in th e very high fr e
qu ency and ultrahigh frequ ency 
ranges up to 500 megahertz. :\1odol 
T A2644 is intended for mobile com
munications receivers in the vhf 
range, up to 275 Mh z. Although 
this unit could be used for radio 
and television receivers, RCA is 
planning to market a specialized 
version fo r consumer applications. 

All versions are n-channel, metal 
ox ide semicondu ctor, fi eld effect 
transistors . Each contain s two in
su la ted gates effectively connected 
in a series cascode confi guration 
on the silicon base. RCA believes 
it is the first transistor with dual 
ga tes integrated in this fashion. The 
su bstra te or junction gate is not 
used ; it is shorted out by tying it 
back to th e source. 

\Vhat makes th e new FET su
perior, RCA says, is its combination 
of characteri stics . In addition to th e 
wide dynamic ranges, both versions 
have low cross-modulation char
acteristic [see curve] and low noise 
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CROSS -MODU LATION 
CH ARACTE RISTIC 

10 0 200 300 4 00 
IN TERFER ING SIGNAL LE VEL-rnv 

Cross modulation for common source 
circuit in which desired signal 
frequency is 200 Mhz and 
interfering signal is 150 Mhz. 
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figures. For th e high-reliability unit 
the noise fi gure is 4.5 db at 400 
Mliz; for the lower-level unit, it 
is 3.5 db a t 200 Mhz. Typical power 
gain for both units at 200 Mliz is 
20 db ; a t 400 Mh z for the mi litary 
unit, it's 14 db. 

1\ih cn used as an amplifier , the 
input signal is applied to gate 1 
and automatic gain control to ga te 
2. Because of the series arrange
ment of the two gates in rela tion 
to the channel, two separa te inputs 
can be fed to the two ga tes. There
fore the transistor can be operated 
as a product detector. \Vhat's more, 
the good isolation between gates 
makes the unit usable as a mixer, 
converter or demodulator. 

RCA expects to have production 

Hot carrier diodes 
exhibit low noise 

Subminiature hot carrier diodes are 
optimized For low-noise perform
ance in mixer/ detector service a t 
frequ encies beyo11d 8 Ghz. Series 
2600 diodes have maximum single 
sideb and noise figure specifica tion s 
of 7 and 7.5 db (dependin g on type) 
with a local oscill ator of 1 mw at 
8 Gliz, using a 30 Mh z, 1.5 db i-f 
amplifier. The 1/ f noise character
istics are similarly low. Series 2600 
is useful well into the X-band. 

Th e devices are metal-silicon 
Schottky barrier diodes, op timized 
for use as r-f mixer/ detectors from 
low frequencies through 10 Gh z, 
intended primarily to replace point 
con tact cl iodes in critical receiver 
applications . 

In the manufacturer's Style 15 
glass package, the series 2600 
diodes measure only 150 mils in 

quantities of th e TA7010 by next 
July. Sample quantities of l to 99 
cost $.3.S each. 

E ach T A2644 cos ts $8 in any 
quantity. Samples of th e consum er 
version , as yet without number or 
price, will be available later this 
year. Both vhf units will b e off 
th e product ion lines in th e fir st 
quarter of 1967. 

Specifications 

Model T A70 10 TA 2644 
Frequency 

range D·c to 5 00 D·c t o 2 7 5 
Mhz Mh z 

N oise figure 4.5 db a t 3 .5 db at 
4 00 Mhz 2 00 Mhz 

Gate l eakage 
curre nt 0 .00 1 na 0. 00 1 na 

Foward 
tra nscon du ct-
a nee 
from gate 1 to 
drain 10,0 00 8, 000 

µmhos µmh os 
Package T0·72 ca n , T O· l 04 ca n, 

4 leads 41ead s 
Operati ng 

tem perature 
range - 65° to -65° to 

85° c 85° c 
Drai n-to-source 

vol ta ge 22v. max. 22v, max . 
Gate 1-to-

source 
vol ta ge +5 to -20 + 5 to - 20v, 

v, max. max. 
Gate 2-to-

source 
voltage ± 20 v , max. 40 v , max. 

Tra n sistor 
dissipation 150 mw, 100 mw, 

max. ma x. 

Electronic Components and Devices 
division, Radio Corp. of America , Har
rison , N.J. [361] 
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length and 68 mils in diameter. 
They are also avail able in Style 19 
ferrule packages of similar dimen
sions for easy replacement without 
soldered connections, and in Style 
20 configuration, which is mechani
cally interchangeable with the 
1N23WE cartridge package. 

Operatin g temperature range is 
- 60 to + 125°C. C-w power di s
sipa tion at 2.5°C is 125 mw. Peak 
power dissipation (for l 0 sec pul se, 
duty cycle 0.001) is 0.8 watt. 

HP Associates , 1501 Page Mil l Road, 
Palo Alto, Calif • 94304. [362] 
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WHEREV ER CO M PL'TER PEOPLE M EET- THE TALK IS ... 

THE NEW COMCOR Ci-500 
ALL SOL. I C-STATE 

OPERATIONAL AMPLIF I ERS 

I 
-~ IBC 

-· 
ANAL.OG / HYBRIO 

" ... 

... .. 
r ... 

First delivery of our newest system, the Ci-500 took place 
in October 1966. The Ci-500 is a medium-scale general
purpose analog / hybrid compute r that will accommo
date up to one-hundred and sixty 100-volt, 
50-ma operational amplifiers. All computing 
components are identical to those used in the 
larger field-proven Ci -5000 system. High-speed 
digital logic circuits are used for address and 

contro l functions-the flexibility inherent in all COMCOR 
systems makes interface with digital equipment for hy
brid operation simple and inexpensive. The Ci-500 is the 

perfect system for simulating and solving your 
research, development, production, and proces
sing problems. For delivery date, see your 
COMCOR representative or con tact COMCOR 
direct. (714) 772-4510 TWX: 714-776-2060. 

CCMCOR SEE IT AT THE 

FALL .JOINT COMPUTER CCNFERE;NCE 

A SUBSIDIARY OF AS T ROOATA, INC. 

I 
1335 SOUTH CLAUDINA STREET/ ANAHEIM, CALIFORNIA 92803 

Career opportunities available now in eng1neenng anrl marketing. 

... 



New Instruments 

Finding phase angles to 100 khz 

.. 
r 

Exploit ing a new broadband phase 
shifter, North Atlantic Industries, 
Inc., has developed a phase angle 
voltmeter that overcomes a tradi
tional limitation of these instru
ments-operation only at discrete 
frequencies. NAI's voltmeter, 
model 301A, can operate over a 
continuous frequency range from 
10 hertz to 100 kilohertz and is 
accurate to within 15 minutes of 
arc over its full 0° to 360° range, 
even with distorted input signals. 

The new goo phase shifter, for 
which the company seeks patents, 
is in the reference channel of the 
instrument. It allows half-decade 
frequency variations without com
ponent switching and, as a result, 
the voltmeter covers the four-dec
ade frequency band in only eight 
steps with only one variable com
ponent. Instruments of comparable 
accuracy divide the same fre
quency band into hundreds of spot 
fr equencies. 

Basic measurements include de
termining the phase angle between 
an input and reference signal, de
termining the in-phase and quad
rature components of an input sig
nal with respect to a reference and 
the absolute value of the funda
mental frequency and the absolute 
value of the total input voltage. 
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But, the instrnment has hidden 
features which broaden its appli
cability, the company reports. The 
demodulation process, basic to 
phase-sensitive voltmeters for 
measuring in-phase and quadrature 
components of a-c signals, also en
ables the instrument to function as 
a very-narrow bandwidth filter
typically 2 hz-tunable over its op
erating frequency range. This sig
nal selection capability makes it 
possible to measure signals im
mersed in heavy noise. The volt
meter inherently rejects harmonics 
of signals being measured. The 
phase-sensitive demodulation proc
ess cancels even harmonic compo
nents and reduces odd harmoni cs 
by a factor equal to the order of 
the harmonic. 

Many phase-angle voltmeters 
display the phase angle readings 
on the moving coil meter used for 
voltage readings, thereby limiting 
phase measurements to the meter' s 
accuracy-usually about 2% . Read
ings made with the model 301A are 
taken directly from a calibrated 
dial mounted on Hie shaft of the 
wideband phase shifter. Optical 
magnification allows dial readings 
to 0.1°. The phase shifter is cali
brated from 0° to 90° and addi
tional goo phase shifting networks 

can be switched into the reference 
channel to span the range from 
0° to 360°. 

To make a measurement, the in
put and reference signals are ap
plied. The instrument is switched 
to its quadrature reading mode by 
introducing a fixed go 0 phase shift 
into the reference channel and the 
quadrature voltage is measured. 
Next the calibrated phase shifter in 
the reference channel is adjusted 
to reduce quadrature voltage to 
zero. The instrument's sensitivity 
is progressively increased by 
switching to lower voltage ranges 
until the accuracy desired is 
reached. The actual phase shift is 
then read direc tly from the cali
brated dial. 

Specifications 

Voltage range I mv to 300 v full scale 
Phase angle 0 ° to 360° in four quadran ts 

range 
Frequency range 10 hz to 100 khz 
Phase dial 0 ° t o 90°, 0.2° divisions 
Accuracy 

Voltage ± 2% full scale over full 
frequency range 

Phase a ngle ± 0.25°, 31.6 hz to 31.6 khz 
derati ng to ± 1° at 100 
khz and ± 0 .6° at 10 hz 

Overload 10 times full scale rating 
Input power 115/ 220 volts, 50 to 400 hz, 

80 w 
Price $2,290 

North At lant ic Indust ries, Inc., 200 
Termi nal Dr., Plainview, N.Y. [ 371] 

Audio voltage standard 
cooled by convection 

Solid-state audio voltage standard, 
model 631, is convection cooled and 
offers variable output voltage from 
1 mv to 1011.0 v. An internal oscil
lator provides full frequ ency cover
age from 50 to 10,000 hr. 

Output is automatically protected 
against overload damage with 
pushbutton reset. Bas ic absolute 
accuracy, including stabi lity for 
one year, is ± 0.035 % . 

Model 631 is capable of 10 volt
amps of power with less than 0.1 % 
distortion . A three-digit voltage de
viation system permits calibrated 
plus and minus o!Ise ts at anv volt
age setting. 

Price will be under $6,500; deliv
ery, 60 days. 
Holt Instrument Laboratori es, P.O. Box 
230, Oconto, Wi sc . 54153. [372] 
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, Honeywell introduces Hot Start 
in a new, low-cost Visicorder 

,.. .. 

Fast restart ends data loss due to momentary power failure! 
o more wai ts for res tarts after a 

powe r interruption w ith th e new 
Honeywe ll 2106 V isicorder ! This 
com pact. low-cost direct recordin g 
oscillog raph features Hot Start - a 
new starting circuit w hich allows re
sumpt ion of recording wi th a mercury 
vapor lamp w ithin % second after a 
momentary power failure. Tests can 
be resumed w ithout losing irretriev
able data and va luable time. 

Like all Honeywe ll Visico rd ers. the 
new 2106 produces permanent. im 
mediate ly rea dable records of dynam 
ic data by means of ultraviolet light 
and sensitized record ing paper. No 
inks. styli. vapors. chemical s. or de
veloping solut ions are used . 

Feature for featu re. no other oscillo
graph in its price range offers the con
venience and versat ility of the 2106: 

• 12 recording channels; DC-13.000 
Hz response; 6" w ide paper 

• Optional Integ ral Latensifier ava i !
able 

• Writing speed in excess of 50.000 
inches per second 

• 8 paper speeds from 0.4 to 80 
inches per second; fast. conven ient 
pushbutton se lection 

• Low profile - just 8.5 " high in 
bench cab inet; 8.75" high in rack 
mount 

• 120° thermostatically control led 
magnet bank is a standard feature 

• Built-in 4-speed time line system; For dynamic data appl icati ons that 
manually adjustable 
trace and grid in 
tensity contro ls on 
th e 210 6's front 
pane l 

• Comp lete remote 
cont rol capab ility: 
power; lamp sta rt ; 
pape r drive; chart 
speed se lec ti on; 
time lin e interval 
se lecti on; externa l 
time line drive 

r----------------------------, 
I 9-116 I 
1 Honeywel l. Test Instruments 1 

l Division 
1 

Denver. Colorado 80217 

Please send 2106 Visicorder 
literature to: 

Name 

Company 

Address 

City State 

DATA HANDLING SYSTEMS 

Honeywell 
L----------------------------~ 

do not require the 
sophisticati on or 
capac ity of larger 
Visico rder models. 
the new 2106 has 
n o e qu al 1 See 
yo ur Honeywell 
Repre se nt ati ve 
for a demonstra 
tion of the 21 06, 
or mail th e coupon 
for co mpr ehen
sive lit erature . 

HONEYWELL IS WORLD WIDE • Sales and service ollices in all princ ipal cities ol the world. Manufactur ing in Brazil, Canada. France, Germany, Japan. Mexico. Netherl ands. Uni1ed Kingdom. Un ited States 
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New Subassemblies and Systems 

Wide highway into a computer 

A digital magnetic tape transport 
that triples the amount of data that 
can be recorded by conventional 
transports has been introdu ced by 
th e Ampex Corp. Built specifically 
to meet the requ irements of oceano
graphic sounding vessels used in 
undersea oil prospecting, the trans
port is also applicable in any in stru
mentation situation where the out
puts of many tran sdu cers are b eing 
recorded. Seismic and medical data 
are examples cited by the company. 

Th e new tran sport, a special 
model of Ampex's standard TM-11 
magnetic tape drive, records 21 
channels of data on a one-inch tape. 
Bit density per track is 356 bits per 
in ch with the tape traveling at 90 
in ches per second. The standard 
TM -11 records up to 800 bits per 
in ch on half-inch tape at up to 120 
in ches per second. The packing 
density and speed provide the max
imum practicable data rate without 
exceeding the tran sport's skew
co mpensa ting capability. 

Skew is a major problem in any 
magnetic tape transport, and par
ticularly so wh en wide tape is used. 
Ideally, the bits in all tracks on the 
tape would b e read at the same in 
stan t as the tape passed over the 
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read-write head, entering the com
puter exactly in step, like a rank of 
well-drilled soldiers on parade. But 
just as soldiers of varying height 
parading on rough ground are likely 
to get out of step, so one "frame" 
of bits written at the same ins tant 
across the width of tape is likely to 
be read a t slightly different instants. 
This can throw off the process ing 
of th e data in the computer, which 
operates under control of a clock 
and requires all the bits in a char
ac ter or word to he available at 
once. 

Mechanical skew is caused by 
misalignm ent of the read-write 
heads and tape guides, and bv flut
tering of the tape in motion; elec
tronic skew arises from varia tion in 
th e elec tricai parameters of the 
read-write circuitry and from com
plexities in the pick-up of recorded 
data at high packing densitie ~. The 
skew is small in Ampex's TM series 
tape transports because a singl e 
caps tan contro ls the tape motion 
without squeezing the tape between 
pinch rollers, as do some competi
tive machines. Skew that does oc
cur is corrected by the standard 
"character ga te," which opens to 
set bits at random intervals into a 

register, and closes while those bits 
are transferred in parallel to the 
compu ter. 

Tape transports ordin arily feed 
data into computers from seven or 
nine tracks at once, in parallel. :\ o 
standard computer can accept data 
from as many as 21 tracks at oncc'; 
Ampex expects its customers wh o 
buy the new 21-track machine 
either to process the data serial!~' 
from one track at a time or to pro
vide a special con trol unit that can 
funnel the data from 21 tracks into 
the usual format for computer proc
essing. Ampex does not build con
trol units for any of its tape driws. 

Specifications 

Speed 
Packing den si ty 
Ta pe w i d t h 
Tape thickness 
Rewind speed 
Start/ stop t i me 
Instantaneous 

speed va riation 
Voltage and 

frequency 
Environment 

Dimensions 

90 inches/sec 
356 bits/i nch 
1 inch 
1.5 mil 
180 inches/sec 
7 millisecon ds 

±3% 
105·127 or 205·2 50 volts 
a ·C, 48-62 hz 
40° t o 110° F., 20 % to 
80 % relative humid ity 
68 •lz in . h ig h , 28 1/ 2 in. 
wide, 29 in . d ee p 

Ampex Corp., 40 1 Broa dway, Redwood 
City, Calif. (381] 

Position indicator 
for machine tools 

• •• .. , • II -· • '• :-- -

,., ~ · 

~ I 
A compact, solid-s tate position in
dicator has been des igned for ap
plication on any machin ery with 
lead screw drive or precision rack
and-pinion posi tion take-off. The 
sys tem provides reliable, direct
read ing dig ital indication of tool 
position . Linear or angular pos ition 
in either two or three axes ·can b e 
indicated with separate displ ays 
for each axis. 

The 11ew :system employs optical 
absolute, nonarnbiguou s sl1aft en
coders which provide fi xed mech
anical zero reference. A built-·in 
electronic calcula tor continu ously 
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computes the difference b etween 
encoder position and a preset ref
erence point for fu ll floatin g zero. 

A un ique circuit des ign time
shares calcula tor and electronics 
with two or three encoder inputs, 
resulting in minimized circuitry, 
package size and cost. 

T he circuitry is all silicon solid 
s ta te for dependability, and con
sists of replaceable plug-in modules 
for s imple fi eld service. 

T he system can be u sed with 
mill ing and grinding machines, 
boring mills, lathes, jig borers, co
ordinate measuring machines and 
other tools. 
Wang La boratories , Inc., 836 North St., 
Tewksbury, Mass. [382] 

Reference source 
boasts high stability 

A high-stability, low-impedance 
reference source is announced. The 
output voltage of the model X-336 
is nominally 10,000 \! d-c, adjus t
able over a ± 50-mv range by a 
multi tu rn potentiometer wi th a res
olution better th an 25 p,v. Load 
regt1 lation is better than 10 p,v for 
a 10-ma step change. 

The uni t features a stabili ty of 
0.005% per month , a source im
pedan ce of 0.5 milliohm and a 
maximum current ratin g of 25 ma. 
It also features remote voltage 
sensing provisions, self-restoring 
electron ic overload, short-circuit 
protection and complete repair
abil ity. 

The unit operates from a 115-v 
± 10%, 60-hz input and weighs 
2% lhs. It is housed in a gray 
enamel case, 3 x 31/2 x 51/4 in. (MIL
T-27 A) with a solder-lug h eader. 
Price is $275; delivery, 3 to 4 weeks. 
Power Design s Inc., 1700 Sha mes 
Drive, Westbu ry, N.Y. [383] 
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Reeves-Hoffman's new fi lter performs the functions of several filters of different 
bandwidths, making it ideal for applications where space is a problem. Band
width at 3 db can be varied from 5 to 200 Hz by regulating input voltage from 
0 to 10, either linearly or in a series of discrete steps. Center frequency of 100 
KHz is standard, but other center frequencies can be provided upon request. 
We invite your inquiry. 

Curves a bove f or M odel F 32 64 ( illus
tra t ed ) show tra ns fer function s o f t wo 
basic v a riable-ba n dwidth sect ions a n d a 
st andar d fixed bandw idth filter, w hi ch 
limits the 60 db bandw idth. M odel F32 6·1 
is 4 1/1" x 2" x 3 % " hig h. 

PRECISION POWER INVERTER 

60 to 400 CPS, 115 VAC-10 to 
200 watts, accuracy to .001% . 
Power inverter employs preci 
sion Oscillator as a time base. 
Can be used to drive motors for 
clocks, tape decks, facs imile 
machines, etc. 

~ 1, ~~~y~~~ ~ 
7f'* DIVISION OF DCA ~ 
~00 W EST NORTH STREET, CARLISLE, PENNSYLVANIA 17013 

Circle 171 on reader service card 

SMALLEST 
COMPLETE 

OSCILLATOR 
Model MO, in a 
crystal can, with 
a frequency range 
of 800 CPS to 10 
KC and accuracy 
to .005 %. Size : 
3/4" x 1 ~2" x 1 o/s"· 

ECONOMY 
OSCILLATOR 

Model T - gives 
long-term stability 
.. . 800 to 7000 
CPS. Priced singly 
from $29.00 each . 
Measures 1" x 1" 
x 2lfe"· 

INC. 

Circle 133 on reader service card 



New Microwave 

Pulses latch analog phase shifter 

·1 

The established latching, ferr ite 
phase shifter may warran t a fresh 
look as a result of a new techniqu e 
called flu x tran sfer. By operatin g 
the unit a t magnetic states inter
mediate between the ferrite satura
tion levels, it is poss ible to reduce 
the insertion loss to 0.6 db, main
tain voltage standing wave ratios of 
1.2 over a 20% frequency band, and 
make the change in phase relatively 
insensitive to temperature. Further
more, the phase shifter operates as 
a continuously shifting analog unit 
or a discretely shifting digital unit. 
Pulsed by a transistorized driver, 
the unit requires only two terminals 
to achieve any phase shift from 0° 
to 360°. 

Irwin Bardash, an engineer at 
Sedco Sys tems, Inc., says the phase 
shifter was conceived about a year 
ago at the Massachu setts Institute 
of Technology's Lincoln Labora
tory, and that Sedco experimented 
with the device for a phased array 
antenna the company was des ign
ing. " It had so many advantages 
over conventional la tching devices 
th at we decided to build and use 
it," Bardash reports. 

A driver circuit " transfers " flux 
to the ferrite, changing the mate
rial's remanent state and conse
quently the phase shift. The 
amount of flux , t:..cp , transferred to 
the ferrite is proportional to the in
tegral of the pulse voltage, V, and 
the differential time, dt-that is, t:..cp 
ex: JV dt. Since the pulse voltage is 
h eld constant, the change in flu x, 
and consequently the change in 
phase, is proportional to the time 
duration of the pulse. When the 
pulse is removed the ferrite remain s 
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Specif ica tions 

Unit 

Type 
Typical frequency 

range 
Operating mode 
Insertion loss 
Voltage standing 

wave ratio 
Power ha ndl ing 

Peak 
Continuous wave 

Latching , f er r it e phase 
shifter 

2003 
8 to IO g igahertz 

An alog or d igita l 
0 .6 db 
1.2 

2 kilowatt s 
20 watts (w ithout 

cooling) 

in its new magnetic state. A fu 11 
360° phase shift requires about 10 
mi croseconds. 

Since the flu x transfer is de
pendent only on the pulse's magni
tude and duration, temperature 
variations which might changp the 
ferrite's characteristics have little 
effect on the phase shift. In con
trast, con ventional phase shifters 
are temperature sensitive because 
the ferrite is driven between two 
tempera tu re-sensitive 
levels. 

saturation 

For a 360° unit, the maximu m 
change in phase shift in Sedco's 
unit is only about 11° from dry ice 
temperatures to 160°F . Bardash 
says it is possible to temperature 
compensate the unit by using a 
thermistor and controlling the 
driver's pulse duration . 

Bardash points out that only t\vo 
driver terminals are needed to 
switch the ferrite. In conventional 
digital phase shifters , there are at 
least as many terminals as there 
are bits . The new design signifi
cantly cuts the amount of wiring 
needed in large arrays which might 
use thousands of phase shifters. 

The phase shifters are not stock 
items, but are designed to special 

order. Bardash says that a single 
unit including the phase shifter and 
driver would cos t about $400 to 
$500. Units can be des igned for 
C, S and X b and. 
Sedco Syst ems, Inc., 130 Schmitt Blvd ., 
Farmingdale, N.Y. [391] 

Elliptical waveguide 

for 1.7 to 2.4 Ghz 

Type EW17 Heliax elliptical wave
guide des igned for 1.7- to 2...f-Ghz 
sca tter communica tion sys tems will 
take the place of WR-430 rigid 
waveguide. The flexible wavegui de 
has an a ttenuation of 0.29 db / 100 
ft and an average power ra ting of 
27 kw. \Vith tuned connectors, a 
200-ft leng th has a guaranteed vswr 
of 1.10 or less . 

Ava ilable in continuous length s 
of up to 500 ft , type EW 17 ~1ay 
be easily form ed to a radi i of 28 
in ches in the E plane. 
Andrew Corp. , P.O. Box 807, Chicago, 
Ill. , 60642. [392] 

F-m/c-wtransmitter 

is compact and light 

An f- m/ c-w tunable, solid-s tate 
source th at can accept f-m inputs 
has been designed for operation in 
communications equipment an<l 
other f-m/ c-w applications. The 
transmitter, the MA-82Cl0, is well 
suited for wideband television 
transmission . 

The unit provides power output 
of 200 mw at 4 Ghz. Frequ ency re
sponse is flat within ± 1 db from 
5 Ghz to 5.5 Ghz. Linearity is 
within 2% for 5-Mhz peak devia
tion. Modulation sensitivity is 30 
Mhz per volt. 

Compact and lightweight. the 
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transmitter-exciter operates from 
+28 v at 300 ma, - 28 v at 250 ma 
and +5 to +10 v for frequency 
tuning. 
Microwave Associates, Inc., Northwest 
Industrial Park, Burl ington , Mass. [393] 

Solid-state switch 

acts in 10 nsec 

A broadband. solid-state switch 
operates within 10 nsec, maximum . 
It is useful from d-c to more than 
12.4 Ghz; its insertion loss is low 
(0.5 to 2.0 db); and its isolation, 
high (20 to 46 db). 

The model 3540 characteristics 
include miniature size (562-mil di
ameter, 170-mil thickness, 4.3-gram 
weight) and hermetic sealing; 
every unit is helium-leak tested. 

The switch, as an electrically ac
tuated control element, is suited 
for high-frequency and microwave 
applications in pulse modulators, 
amplitude modulators , phase shift
ters , multiple-throw switches, 
phased-array an tennas, power
leveling circuits and pulse shapers. 

Switching is accomplished by 
changing the bias on either center 
conductor. Signal is passed when 
the bias voltage is zero or negative. 
When the two diodes in the switch 
are forward-bias ed the matched 
pair divides current equally. Tl1e 
magnitude of the forward bias cur
rent determines the attenuation. 
Full isolation is obtained with bias 
currents of the order of 100 ma. 

The 3540 consists of two-oxide
passivated silicon p-i-n diodes 
which are integrated into a broad
band 50-ohm microwave structure. 
The dimensions are optimal for 
50-ohm strip line. 

The switches are priced at $175 
each in small quantities; $166.25 
in quantities of 10 to 24; and 
$157.50 in quantities of 25 to 99. 
Delivery estimates are two weeks. 
HP Associates, 1501 Page Mill Rd., 
Palo Alto, Calif. , 94304. [394] 
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Western distribution problems? 
Call us, we've got connections. 
The shortest distance to ALL major markets of the West is from 
UTAH ... because it's right in the middle. • Locating your plant 
or distribution center in Utah puts you 
just a day away from the major cities 
in a market of 30 million people. This 
market is growing 30% faster than all 
America for both population and in
dustry. It's the area of the future. • 
FREE: Write for information on "Th e 
New Industrial Utah " to Utah Indus
trial Promotion Commission, Dept. 
119, 167 Social Hall Ave., Salt Lake 
City, Utah 84111. 

Win the WE$T •• from 

Utah 
Circle 135 on reader service card 

To order reprints: Fill in, cut out coupon below, insert in envelope 
and mail to: Electronics Reprint Dept., 
330 W. 42nd Street, New York, N.Y. 10036 

Reprint order form 
For listing of reprints available see the Reader Service Card. 

Communications Satellites Part II 

Send me reprints of Key no. R-90 at 75¢ each . 

For reprints of previous special reports fill in below: 

Send me . . reprints of Key No.(s) . . . . . .. . @ ... •.. . . ¢ each. 
(For prices, see Reader Service Card) 

Name . 

Number of street 

City, State, Zip code . 
---------- - --------- - --------------------- - --- -------------------------- -------------------------- ----------
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New Production Equipment 

Production laser 

welds and drills 

A water-cooled laser welder-with 
the pulse length variable in six 
steps-is suitable for micro-spot 
welding applications. A production 
unit, equipped with a 10-kw power 
supply, it produces pulse lengths 
up to 4 msec and is capable of op
eration at 1 pulse per sec. ·with 
these pulse rates and a feedback 
to the power supplies, the system 
is compatible with numerical con
trol systems and complete automa
tion, say the manufacturers. Output 
energies and pulse lengths are re
producible to 5%. 

A microscope with infinity- cor
rected lenses has par focal focusing 
ability, that is , viewing is coinci
dent with impact point of the laser 
beam. It can position within 0.0002 
inch; spot size of 0.001 inch can 
be obtained. 

The manufacturer's split cavity 
design allows interchanging of 
components without disturbing the 
alignment with the microscope. 

Long pulses up to 20 joules and 
short pulses to 50 joules are prac
tical as well as pulse reproduci
bility and low pulse energies. The 
welder can be operated either au
tomatically or manually. Equipped 
with safety interlocks , it has pro
tective tape between lens and work
piece to protect the focusing lens 
from material sputtering off the 
workpiece. The variable pulse 
lengths make the laser suitable for 

136 

drilling as well as welding. 
Prices start at $12,000. 

Applied Lasers division of Spacerays, 
Inc., 72 Maple St., Stoneham , Mass. 
[401] 

Sequencing system 

selects and packages 

A punched-tape-controlled se
quencing system for axial lead com
ponents selects parts from up to 39 
individual input stations and reel
packages them ready for automatic 
insertion into printed-circuit 
boards. 

Controlled by a conventional 8-
channel punched tape, the se
quencer operates at 12,000 cycles 
per hour regardless of length or 
complexity of sequencing, or varied 
sizes of components . Sequence 
length is not limited to the number 
of input stations, nor is it necessary 
to load the stations in the sequence 
order as in mechanically programed 
in-line and carousel-type systems. 

Where a new sequence utilizes 
components already loaded in the 
input stations, only the few minutes 
needed to change punched tape 
and take-up reel are required for 
changeover. 

Well suited for long and short 
production runs, the self-contained 
system achieves labor savings 
through nominal operator attend
ance. Interchangeably dispensing 
stations are available for lead taped 
parts as well as magazine loaded 
and corrugated cardboard pack
aged parts. All transport of se
quenced components is conveyor
ized. 
Universal Instruments Corp., East 
Frederick St. , Binghamton, N.Y., 13902. 
[402] 

Solder reflow machine 
for flatpack operation 

A solder reflow machine joins flat
packs or miniature components to 
p-c boards. Basically, model 950, 
type SRM consists of an a-c power 
supply, a programer and controller 
for the head actuation, a dual re-

flow solder head which will handle 
all 14 leads of a flatpack at one 
time, a p-c board holding and lo
cat ing fixture, a swing-away com
ponent loading device, cooling 
equipmen t, and a '\ vhite-roorn" 
Formica-topped table. 

Th e operator manually positions 
a flatpack in the loading device, 
shoves it under the solder reflow 
head and then actuates the ma
chine for automatic pickup, posi
tioning and reflow soldering of the 
flatpack to a predetermined loca
tion on a p-c board. The entire 
cycle, including loading, takes 10 to 
11 seconds. The machine will ac
commodate a p-c board up to 5 in . 
x 7 in. 

The programer/ controller guides 
the operation of the pick-up quill , 
the reflow solder arms and the 
cooling mechanism. 

P-c board locating .6xture are 
customized for individual applica
tions. 

The cost is $5,935. Manufactur
ers who use more than 25,000 flat
packs a year can justify the use of 
the machine, according to the com
pany, which says the machine will 
pay for itself in 6 to 10 months. 
Delivery on the standard console 
is 6 to 8 weeks. 
Weltek division , Wells Electronics, Inc., 
1701 S. Main St., South Bend , Ind ., 
46623. [403] 

Soldering station 
is foot-operated 

A soldering work station has been 
developed for training and as a 
production line tool for Catalog 
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No. 3 soldering to NASA specifica
tion NPC-200-4. It can be bench 
mounted or used as a semiportablc 
unit for high-quality soldering in
side aircraft assemblies, on air
borne missile equipment and in 
similar applications. 

The station has a minimum life 
of 100,000 hours and is foot-op
era ted, freeing t11 e operator's 
hands. A safety fuse and grounded 
circuitry safeguards the equipm ent 
and operator, an asset in training 
sess ions. 

Included is a power supply 
with a meter accurate to ± 1 %, a 
360° ball-mounted vise with posi
tive azimuth control for locking in 
any position , insulated vise jaws, 
safety can, cutters , pliers, hea t 
sinks, resistance soldering iron 
with transformer, conduction 
soldering iron, foot-operated switch 
and other equipment and supplies. 
Florida Genera l Elect ronics, Inc., P. 0. 
Box 948, Daytona Beach, Fla. [404] 

Laser metalworker 

in modular design 

The 9000 series of modular laser 
metalworking system has been in
troduced. The basic 9001 system 
shown is designed for microper
foration, for micromachining and 
for microwelding. It includes a 
proven, efficient laser head, heavy
duty power supply, binocular mi
croscope with X-Y-Z work stage 
and pulse-forming module, all at a 
base price of $3,770. 

Other laser head and power sup
ply con.Sgurations are available 
along with options to suit any cus
tomer requirement. 
Maser Optics, Inc., 89 Brighton Ave., 
Boston, Mass., 02134. [405] 
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0.001 CPS TO 18 GC PHASE METERS DIRECT READING IN DEGREES, 
PLOT PHASE CURVES 

DIRECT READING PHASE METERS 
TYPE 406 SERI ES 

1 CPS To 500 KC, Accuracy ± 0.25 Degree 

205.61 -2 . 20511 -5 

I crs . soo I C ?S crs . 40 IC 100 IC. 1S MC lO crs . 10 MC ll MC . 1700 MC 

± 0.S o . ± O.U' 0 or ±2Y· ± 0.004 ° or ±2•/. ± 0.2S 0 or ± 11• ± 0.75 ° .or ± 2Y• ± O.OS 0 or ± 1Y• 

2• . 120. o.os. . '°' 0.4• . 100. O.h • 10. O.lw • 20Y rms l"" . 10. 

0.01 ° 1/ 12 ° 0.002 ° D.1 ° o.s 0 0.1° 

ELECTRONICS INC. 
249 TERHUNE AYE.. PASSAIC, N. J. 

PHONE: 472-5622 
CABLE: ADYU PASSAIC 

SEE OUR BOOTH # 1A70 AT THE NEREM SHOW 

Circle 137 on reader service card 

ELECTRICAL/ ELECTRONIC 

ENGINEERS 
DESIGN ·ANALYSIS ·TEST 

BSEE, plus appropriate experience in any of the 
foll owing areas: 

• Communications • Microwaves 
• Computer Software • Power Systems 
• AGE Systems • Propulsion 
• Field Engineering • Instrumentation 
• Circuits/Systems • Guidance & Controls 
• Electro-optics • Batteries 

Wri te : Lo ckheed Miss il es & Space Compa ny, 
Professional Placement Staff, Suite 456, 599 
North Math il da Avenue, Sun nyva le, Ca li forn ia. 

L O CKHEED 
MISSILES & SPACE COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT COFfPORATION 

AN EQUAL. OPPORTUNITY EMPLOYE R 
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NEW EG&G 
SILICON DIFFUSED 

PHOTODIODE 
• HIGH QUANTUM EFFICIENCY 

•WIDE SPECTRAL RANGE • FAST 
RESPONSE TIME • LOW NOISE 

SGD-100 PHOTODIODE 

The SGD-100 Photodiode - successor to 
the popular SD-100 - offers greater sen
sitivity and lower noise characteristics. 
Embodyi ng EG&G's improved diffused 
guard ring design, the SGD-100 has~ wide 
spectral range with an unusually high re
sponse in the "b lue" region, fast response 
time and high quantum efficiency. The 
photodiodes are hermetically se<!led in a 
T0-5 package. 
Sensitivity ... .. 0.5 µNµW at 0.9 microns 

(70% quantum efficiency) 
Spectral Range ..... 0.35 to 1.13 microns 
Capacitance ........ 7 picofarads at 90v 
Rise Time ............. 4 nanoseconds 
Leakage ............ . .... 0.2 µA at 90v 
NEP (0.9µ, 10', 1) ........ 7.9x10-" watts 
Linearity of Response .... over 7 decades 
Applications include CW, pulsed light and 
laser detection and measurement, star 
tracking, optical navigation, communica
tion and guidance, and range-finding sys
tems. The new SGD-100, also available in 
calibrated versions, is in quantity produc
tion for fast delivery at low price. 
Fo r information, write: EG&G Inc., 166 
Brookline Avenue, Boston, Massachusetts 
02215. Telephone : 61 7-267-9700. TWX: 
617-262-9317. 

A EGc.G1NC. 
138 Circle 138 on reader service card 

New Materials 

Lead metaniobate 

for transducer use 

•
'19 

. > . ••• 
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A new ferroelectric ceramic trans
ducer material, lead metaniobate, 
has low mechanical Q, high Curie 
tempera ture and negligible aging 
characteristic, making it useful for 
delay lines, thickness gauges, flaw 
detectors and accelerometers. 
Suited to wide bandwidth applica
tions , the material complements the 
company's existing lines of barium 
titanate, and lead titanite-lead zir
conate. 

Designated Glennite G-2000, the 
lead metaniobate ceramic has elec
tromechanical properties similar to 
barium titanate. However, the new 
ceramic also exhibits several su
perior characteristics which are im
portant in many transducer appli
cations. 

The material is available in most 
standard ceramic shapes including 
thin plates, thin disks and cylin
ders. 
Gulton Industries, Inc., 212 Durham 
Ave., Metuchen , N.J., 08840. [406] 

Lightweight resin 
casts and encapsulates 

Stycast 1090 is a lightweight cast
ing and encapsulating resin suited 

for space applications. Cured spe
cific gravities of 0.85 are realized 
in contrast to 1.25 for an unnlleci 
epoxy and higher still for conven
tional Riled systems. 

The material also provides pro
tection against mechanical shock. 
In tes ts a transmitter encapsu lated 
in Stycast 1090 emerged undam
aged and still operating after ex
posure to forces up to 50,000 g. 
Another transmitter embedded in 
Stycast 1090 was Rred from a 5-in. 
gun into a lead block and con
tinued to operate. Estimated forces 
were in excess of 50,000 g. Illu
strated is an encapsulated module 
floating in water. 

Stycast 1090, which is called out 
in Navy Specincation OS-11891-B 
for the encapsulation of flight con
trol modules, has been exposed for 
100 hours to 250°F at a pressure 
of 10- 6 torr. Weight loss was 
0.3% to 0.4%. The combination of 
low density, ruggedness and low 
outgassing makes the product ideal 
for the encapsulation of modules 
for outer space, the company says. 
Emerson & Cuming, Inc., Canton, Mass. 
[407] 

Insulation coating 
in aerosol container 

An electrical insulating coating, 
HumiSeal type 1Bl2, is available 
in 16-oz aerosol cans, a packaging 
that permits rapid coating of re
paired areas. 

In aerospace programs the coat
ing can insulate printed circuits 
and electrical assemblies. The prod
uct has low outgassing and super
fast drying at room temperature, 
which contributes to high-speed 
production. 

It is used as a masking material 
for silicone elastomers when inhi
bition of the curing system is 
caused by contact with certain 
types of materials , such as amine
cured epoxies. 

The cans are available from 
stock at approximately $2.70 per 
can in carton quantities. 
Columbia Technical Corp., 24·30 Brook
lyn-Queens Expressway, Woodside, N.Y., 
11377. [408] 

Electronics I October 31, 1966 

, _,,. 

,, -
(" .. 

,,, .. 

,... .. 



- ... 

~ .. 
... 

- 1 

"~ 

Great editorial 
is something 

he takes home 
(What a climate for selling!) 

Electronics " I 
A l\kGraw-Hill Market-Directed Publicat ion ' 

:!Jo Wes t 42 nd S tree t , N ew York, N. l : 100.1 6 
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SERVO 
PACKAGESr • . 

New Free Handbook 
on Servo Packages 

Getting our new Servo Package catalog is 
almost like ge tting a servo design engineer 
through the mail. It gives you details about 
integrators, in-line servos, geared assemblies, 
data converters , synchronizers, and custom 
units , pre-engineered by Ced ar. Write or call 
us for your free copy. 

CEDAR CONTROL DATA 
ENG IN EER ING D IVISIO N 

CORPORATION 

5806 West 36th Street, M inneapol is, Minn . 55416 
Phon e: (61 2 ) 9 2 9-1681 

Circle 172 on reader service card 

Make the circuit 

~ .......... 

fit the 
package 

FLEXPRINT® circuitry solves interconnection problems 
... it fits the package and lowers installed costs. It also 
offers repeatability, ease of assembly, reliab ility and 
reduction of rework. Got a circu it interconnection 
problem? Call us (area code 603) 627-38l 1. Free litera
ture. Sanders Assoc iates, Inc., FLEXPRINT Products 
Division, Grenier Field, Manchester, New Hampshire. 

SANDERS ASSOCIATES, INC. ~ 
FLEXPRINT PRODUCTS DIVISION ~ 

Creating N ew Directions in Electronics 

•J.M., Sander s Assoc iales. Inc , 

Circle 139 on reader service card 139 
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ULTRA 

CARBON 
® 

CORPORATION 

The shape of 
tomorrow, 
today 
For more than 20 years, Ultra 
Carbon consistently has pro
vided industry with advanced 
graphite technology. "F" 
purity graphite for the AEC 
. . . semiconductor crystal 
crucibles, boats, headers and 
fixtures made from Ultra 
purity graphite-these are 
typical of our past contri
butions to the electronic 
industries. 

ULTRA/GRAPHITE 
masks, for processing thin 
film deposition circuits , are 
precisely machined. Write for 
information to Ultra Carbon 
Corporation, Box 747, Bay 
City, Mich. 48709. 

Circle 140 on reader service card 

New Books 

How to use IC's 

RCA Linear Integrated Circuit 
Fundament als 
RCA Technica l Series IC-40, 
Rad io Corp. of Ameri ca, 240 pp., $2 

It is always gratifying when the 
content of a book lives up to its 
title. The Radio Corp. of America's 
manual provides this kind of satis
faction. 

The book was intended to guide 
sys tem designers in the use of 
RCA's silicon integrated circuits. 
By explaining the basic principles 
of linear IC's, along with their 
performance requirements and ca
pabilities, the book will help engi
neers to determine optimum de
sign specifications of IC systems. 

After a discussion of general IC 
theory, the basic differential ampli
fi er is thoroughly analyzed as the 
building block for RCA's IC's. Of 
considerable value is a discussion 
of the operational amplifier; its 
versatility makes it adap table to 
IC synthesis. Operational ampli
fi ers can provide solu tions to spe
cific circuit problems and perform 
a variety of mathematical functions. 
The book ends with an examina
tion of practical circuits for spe
cific applications. 

The text is clear and enlighten
ing; all rela tionships and equations 
are derived from fundamental prin
ciples. Circuit diagrams and per
formance curves help to explain 
the ideas. 

Edward Keonjian 
Grumman Aircraft 
Engineering Corp. 
Bethpage, T.Y. 

High-frequency heating 

Heati ng with Microwaves 
H. Puschner 
Philips Technica l Library, 
Spri nger-Ver lag New York Inc., 320 pp., 
$ 10.80 

The potential of microwave heating 
is limited in scope only b y human 
imagination. This point is empha
sized by Puschner in his readable, 
well-organized work that will prove 
valuable to anyone concerned with 
microwave heating. Unfortunately, 
however, his applications are 
limited to those undertaken by the 
Philips Gloeilampenfabrieken NV. 

It is too bad, for the sake of com
pleteness, that contributions by 
other companies to magnetron in 
ventions, research and developmeut 
were not included. 

Since this is a book on applica
tions it would have been better if 
the author had stated the design 
equations for magnetrons rather 
than provide incomplete deriva
tions. 

Applications are presented in an 
order that allows easy assimilation 
of new ideas. First come applica
tions of heating in the radiated 
fields of such devices as spiral 
antennas , parabolic feeds and 
waveguide feeds. Next, waveguide 
theory serves as the basis for intro
ducing cavity resonator concepts. 
Approximate methods for deter
mining the most effective cavity 
dimensions are given, and there 
is a table usefu l in calculating un
loaded resonances. The reader is 
warned that the inser tion of a load 
changes the resonance patterns, 
making experimentation necessary 
before finishing a design. A cavity 
with one feed and another with 
two feeds are described to illus
trate how multiple feeds improve 
heating uniformity. 

The logical flow of ideas con
tinues throughout the book. A 
chapter on using triodes in dia
thermy apparatus at 435 and 915 
megahertz is fo llowed by a chap
ter on the biological effects of 
microwave energy. The maximum 
legal exposure limits for the United 
States and many European coun
tries are listed. The author con
cludes with techniques for measur
in g microwave energy, including 
calculating leakage fi elds as a 
safety precaution. 

The appendixes give loss factors 
and dielec tric constants for a num
ber of common materials and de
scriptions of Philips' continuous
wave magnetrons. There is also an 
extensive bibliography. 

The translation from German is 
good, with only occasional lapses , 
such as the use of "slight reso
nances" for "few resonances." 

Paul W. Crapuchettes 
E lectron Tube division, 
Litton Indus tries, Inc. 
San Carlos, Calif. 
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Technical Abstracts 

Defense radar 

Hard point demonstration array radar 
P.J . Kahrilas and Dale N. Jahn 
Sperry Gyroscope Co., 
division of the Sperry Rand Corp., 
Great Neck, N.Y. 

A unique thinned aperture com
puted lens (Tacol) antenn a makes 
the hard point demonstration radar 
(Hapdar) an attractive and prac
tical phased array antenna sys tem. 
The lens, a pass ive array capable of 
collimating a radar b eam and steer
ing it in the desired direction , wa_s 
built for Project D efender, an anti
missile radar study sponsored by 
the Army's Advanced Research 
Projects Agency and the Anny Mis
sile Command. 

Hapdar is a computer-controll ed 
multifunctional array radar sys tem 
capable of electronically sweeping 
a pencil beam in two dimensions
azimu th and elevation. A single 
transmitter illuminates the Taco! 
lens through a monopulse feed, and 
electronic scanning is obtained by 
three-bit diode-controlled phase 
shifters . Search acquisition and 
track functions are time sh ared in 
the single beam. The result is an 
inexpensive, highly flexible sys tem 
that is completely automatic, al
though Hapdar has provisions for 
test and manual modes. Since J anu
ary, Hapdar has tracked controlled 
aircraft and random aircraft in the 
sys tern area as well as numerous 
Athena missile shots. 

Hapdar's subsys tems were espe
cially designed to work with a very 
rapidly moving inertialess pencil 
beam. A conventional monopulse 
receiver was modified to obtain 
single-hit normalization and com
puter-controlled autom atic ga in 
control. None of the receiver's cir
cuits has a memory or transients 
that carry over to th e following 
pulse period; this permits inde
pendent data samples on each 
tracked object each pulse period. 
Hapdar' s general-purpose digital 
computer processes all tracking 
data and con trols and integrates 
the system's elements. 

The ti·ansmitter and the micro
wave equipment are conventional, 
though several novel techniqu es 
in the receiver provide for better 
computer control. The computing 
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subsys tems are a U nivac 1218 com
puter, a Univac 1232A input/ou t
put console and a Univac 1240 
dual tape transport, all made by th e 
Sperry Rand Corp. 

At the beginning of a mission, 
the H apdar is given a target to 
track by the White Sands Mi ss ile 
Range data sys tem. The design a
tion coordinates are those of an
other radar, the discrimination 
radar, and referenced to its loca
tion . The Hapdar computer con
verts the coordinates so they are 
referenced to the Hapdar site, and 
it computes beam steering com
mands for the beam steering unit. 
After the coordinates have been 
converted, the radar executes a lim
ited search of the des ignated posi
tion. The search scan stops when 
a return signal exceeds threshold 
level. Additional transmissions 
verify the existence of a target. 

Target amplitude, range and 
angular signals of the monopulse 
receiver are in analog form and are 
converted by the video data proc
essor into digital data. The com
puter smooths the data for b es t 
es timates of posi tion and velocity. 

Development of the Hapdar pro
vides a basis for future des ign of 
low-cos t radar sys tems that must 
track many targets and perform 
several fun ctions with high per
formance. 

Presented at the Aerospa ce a nd Electronic 
Systems Convention, Washington , Oct . 3·5. 

Checkup for IC's 

New test techniqu es for digital 
integrated circuits 
William T. Rhoades 
Hughes Aircraft Co., Fullerton , Calif. 

Integrated - circuit manufacturers 
haven't standard ized on the char
acteristics of monolithic digital 
circuits and the user can' t take 
the IC's apart to probe the quirks 
of individual elements , so the sys
tem des igner needs adequate tech
niques for evalu ating IC perform
ance in systems. Manufacturers ' 
specifica tions are not necessarily 
meaningful when a number of cir
cuits are uniquely combined in a 
sys tem. 

Variations in definitions of such 
values as "normal" on or off volt-

age make noise margin specifica
tions an inaccurate means of com
paring different gate circuits. The 
amounts of noise energy that pro
duce a given chan ge in input volt
age also vary from one type of gate 
to another. So, direct-current noise 
margin is useful as a figure of 
merit, but not to accurately deter
mine true noise margin in a sys
tem. 

Noise margin is properly the 
magnitude of an ex traneous input 
that will cause an error in a logic 
chain when added to the worst-case 
input level. The point at which a 
gate changes state depends grea tly 
upon fan out and other in-use char
acteristics. Breakpoints in the gate 
transfer curves are likely to b e dif
feren t from threshold points. The 
author illustrates this by showing 
the transfer curves , and varia
tions in curve slopes, for a 
typical high-level transistor-tran s
istor-logic gate. 

The uncertainties can b e made 
ins ignificant by measuring the 
transfer curves across a pair of 
gates. A pair of HLTTL gates ex
hibits sharp transition points in 
the transfer curve. Tes ts which 
simula te dynamic conditions in the 
sys tem are also needed. A standard 
method is to cascade the gates and 
subject them to worst-case d-c 
noise. The designer should ascer
tain that gain th rough the circuit 
does not raise the noise level to a 
point that causes a ga te to switch 
in error. If the noise is attenuated 
as it propagates throu gh the chain, 
it can be kept low enough to pre
vent errors. 

Tes tin g of a pair of gates is also 
useful in determin in g ground-noise 
margins, the amoun t of noise sig
nal that can safely be added to or 
subtracted from ground. Tes ts can 
be made at worst-case polar ities as 
well as under worst-case noise, 
again making uncertainty low. 

The au thor also reviews d-c and 
a-c noise margin s under dynamic 
system conditions , dynamic imped
ances for matching gates to tran s
mission lines, the capacitance fac
tor in propagation delay and the 
indu ctance factor that affects cur
ren t drain. 
Presented at Na tiona l Electronics 
Con f erence, Chicago, Oct. 3-5 
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elay ines 

Low L'li• 

~:~,·o4:;>f 

One of a series of miniature delay 
lines compatible with h igh density 
computer circuitry, 
BF-14-155. Delay: 15 nsec tapped 

every nsec. 
Impedance: 93,200 or 
500 ohms. 
Bandpass: 60 mega· 
cycle. 
Size: Under 1,4 cubic 
Inches. 

For delay line miniaturization 
where reliability, bandpass, and 
quality must be maintained at 
reasonable cost, let us show you 
what can be, and has been done. 

Price: Under $8. ea. 

~ 
~~~~ ·t~t,r ·~kAvail. : 

CATALOG AVAILABLE ON REQUEST 

I FUSE. INC . e 198 Van Vorst St. 
Jersey City 2, New Jersey 

----------·· Circle 173 on reader service card 

LOW LOSS 
CASTING RESINS 

c.' Cit.JI 

I 

! "'"'*-""··" 
; " t ~ l,llthH~ j 

l ~p_ .. ,;t1' 't' 

i 

FREE CHART 
Ten Low Loss systems are offered 
for both room and elevated temper
ature cure. Dissipation factors are 
below 0.001 for minimum effect on 
ci rcuit operation. Dielectric Con
stants as l ow as l. 7. Tempera cure 
capabi lity to 400°F. 

1 A'> 

This valuable Chart is yours . 
Write or Use Reader Service Card 

EMERSON & CUMING, INC. 
CANTON, MASS. 

604 W. 182nd St. 

Gardena, Calif. 

3450 Commercial Ave. 

Northbrook, Ill. 

f' i.-r lo 1 A? nn ,.~~rlf:llr c;P.rvir.P.: card 

New Literature 

Sea led capacitors. The Gudeman Co., 
340 W. Hu ron St., Chicago, Ill ., 60610. 
Engineering bulletin No. 410 covers a 
series of miniature metalized poly
carbonate capaci to rs in hermet ical ly 
sealed (glass-to-metal) tubular meta lli c 
cases. 
Circle 420 on reader service card. 

Interval timers. Eagle Signal division of 
E.W. Bliss Co., 736 Federal St., Daven· 
port, Iowa, has available a t wo-page 
bulletin describing the CEl 1 series 
transistorized interval timers . [421) 

High-voltage supply. Keithley Instru
ments. Inc., 12415 Euclid Ave .. Cleve
land 6, Ohio, has published a two-page 
engi neering note on the model 240A, a 
compact, accurate high -voltage supply 
for laboratory and production testing. 
[422) 

Sweep oscillator. Spect ral Dynamics 
Corp., P.O. Box 671, San Diego, Calif ., 
92112, has an eight-page manual de
scribing 12 distinct applications for a 
linear or log sweep oscillator. [ 423) 

Operational amplifiers. Analog Devices 
Inc:. 221 Fifth St. , Cambridge, Mass., 
02142. Nine operational amplifier 
types, ranging from $19 to $85, with 
most listed below $60. are described 
in a short-form catalog . [424) 

Module tester. Radio Engineering Lab· 
oratories, a division of Dynamics Corp. 
of America. 29-01 Borden Ave., Long 
Island City, N.Y., 11101. A technical 
data sheet discusses a module test 
fixture that permits easy testing of 
printed circuits, subassemblies and 
other modules of REL's 2600 series 
radio relay equipment. [425) 

Pushbutton switch. The Arrow-Hart & 
Hegeman Electric Co.. 103 Hawthorn 
St., Hartford, Conn. Bulletin PB-1 gives 
information on the advantages and 
operating characteristics of the type 
PMQ submin iature, pushbutton snap· 
action switch . [426) 

Power spectral density analysis. Spec· 
tral Dynamics Corp. of San Diego, P.O. 
Box 671 , San Diego, Calif., 92112. A 
four-page data sheet deals with the 
SDlOOl -1 and SDlOOl-2 automatic 
power spectral density analysis sys· 
terns. [427) 

Acetone soluble adhesive. Aremco 
Products, Inc., P.O. Box 145, Briarcliff 
Manor, N.Y .. 10510, has published a 
bulletin on Crystalbond 509, an acetone 
soluble adhesive suited as a temporary 
bond for delicate crystals, glass com 
ponents and ceramic substrates during 
machining, slicing , dicing, grinding and 
polishing. [428) 

Limiter-attenuator. Microwave Assoc
iates, Bu r lington, Mass. Bull et in 7034 
g iv~s complete specificati ons for the 
MA-8446-SlT l imiter-attenuator wl1ich 
provides receiver prot ect ion over the 
2.2-g iga hertz to 2.3 -Ghz ra nge with a 
maxi mum insertion loss of 1 db. [429) 

Switch selection guide. MicroSwitch, a 
division of Honeywell, Inc., 11 W. Spring 
St., Freeport, Ill ., 61032. Said by t he 
com pany to be the most com plete 
switch selection guide ever assemb!ed, 
the 72-page ca ta log, 50b, is bo rder
indexed for reference to more th an 
1,000 switches. [430) 

Facilities brochure. Superior Manu 
factu r ing & In strument Corp ., Long 
island City, N.Y. A 16-page brochure 
contai ns a descripti on of the company's 
engi neering and quality assurance pro· 
grams and a list of facilities for the 
production of components and systems. 
[431) 

Variable leak valve. Vacuum division of 
Varian Associates, 611 Hansen Way, 
Palo Alto , Calif ., 94303, has released a 
four-page data sheet showing features, 
specifications and drawings of a vari 
able leak valve. [432) 

Shipboard recorder. Leach Corp ., 1123 
Wilshire Blvd ., Los Angeles, Calif., 
90017. Bullet in MTR-4200-866 covers 
a rugged shipboard tape recorder, with 
signal-to-noise performance of better 
than 40 decibel broadband and better 
than 75 db single cycle. [433) 

Germanium detectors. Technical Meas· 
urement Corp ., 441 Washington Ave., 
North Haven , Conn ., 06473. Speci f ica 
tions and a reduced price schedule for 
lithium-drifted germanium detectors 
are contained in product bulleti n No. 
45. [434) 

Filters. Spectrum Systems, Inc., Bea r 
Hill Ir .ustrial Park, 11 Fox Road , Walt· 
ham, Mass., 02154, has issued a two
page bulletin describing and showi ng 
curves for visible light and near infra· 
red f i lters. [435) 

Time code generators. The A.W. Hay
don Co., 232 North Elm St., Waterbury, 
Conn .. 06720. Product information 
sheet No. 133 contains essential tech· 
nical data on series K42601 and 
K42602 low-cost electromechanica l 
time code generators. [436) 

Operational amplifiers. Melear Elec· 
tronics Corp., 1750 New Highway, 
Farmingdale, L.1. , N.Y., 11735. A con· 
densed two-page catalog, No. Cl002. 
describes an economy line of high· 
performance, miniature operational 
amplifiers. [437) 
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Tired of building 
"paper" phased arrays? 

GET HARDWARE-ORIENTED. Move to where the 
action is ... at Raytheon. We have worked on 
Phased Array systems for airborne, shipboard and 
ground-based applications. We've developed, built 
and tested radomes, arrays, beam steering com
puters, and components of all sizes and shapes. We 
have accumulated more hardware experience in this 
field than any of our competitors. 

If you are tired of being a "paper tiger", you'll 
enjoy helping us build the hardware that is chang
ing the face of radar. A variety of funded Phased 
Array programs are in urgent need of superior 
engineering skills: Nike-X (Missile Site Radar) ; 
NOTS Test Array; Overland Radar Program; 
RARF (Radome, Antenna & RF Circuitry) . 

Why spin your wheels on paper projects? Move 
into one of the exciting, hardware-based career 
openings that exist at Raytheon now for: 

• Microwave Engineers 
(antennas & components ) 

• Digital Engineers (circuit & logic design) 
• Radar Systems Engineers 
• Product Designers 
• Transmitter Engineers 
• Mechanical & Structural Engineers 

Electronics I October 31 , 1966 

Investigate the changing face of radar at Raytheon 
today. Call or send resume to: Frank DeChristo
pher, Employment Manager, Raytheon Company, 
Missile Systems Division, Hartw ell Road, Bedford, 
Mass. Tel: (617) 274-7100 collect. 

Ferrite array demonstration in operation for over 18 months 
to prove out advanced concepts. 

(RAYTHE~~, 
AN EQUAL OPPORTUNITY EMPLOYER 

143 



CIRCUIT DES IGN ENGINEERS 

TEST EQUIPMEN T 
DESIGN ENGINEERS 

NAVIGATION & COMMUNICATION S 
S YSTEMS ENGINEERS 

A .G.E. DESIGN ENGINEERS 

Exercise and elbow room. 

You'll find both at Lear Siegler 

You'd like it here. Plenty of latitude at 
LSI. A solid, dynamic company that likes 
creative thinking. Actively applying new 
concepts, seeking new ideas in guidance 
and navigation systems for sub- , super
and hyper-sonic air and spacecraft. 
You can grow professionally on long
term programs for design and production 
of advanced flight reference and naviga
tional systems ... in a half-million square 
feet of newly-completed aerospace engi
neering facilities. 
Send your resume in confidence or write 
for information to : 

E. A. Melltnger 
Professional Employment Manager 

LEAR SIEGLER INCh® 
' INSTRUMENT DIVISION 

H 41 EASTERN AVE., S.E., GRAND RAPIDS, MICHIGAN 49508 

EMPLOYMENT Electronics 

EMPLOYMENT 
OPPOllTUNITIES 

THE MARKET-PLACE 
FOR ALL EMPLOYMENT NEEDS 
Send new ads o r inqu iries to: 

ELECTRONICS 
Class . Adv. Div., P.O. Box 12, N .Y., N.Y. 10036 

POSITION VA CANT 

Electronic Shop Supervisor 3 years e xpee-i 
ence in nuclear i nstrumentation includi n g 
multi c h annel analyzers. Job inc ludes main
tenance of nuclear reactor and counting room 
system s, and requires experien ce in in ter
faci ng. Position is with a university ow ned 
non-profit corporation with liberal fri n ge 
benefits . ( An Eq u al Opportunity Emp loyer) 
Contact: Mr . P a ul T. Burnett, O perations 
Manager WNY Nuclear Resear c h Ce nter 
Power Drive, B u ffalo, N ew Yor k 142 14. 

PROFESSIONAL 
SERVICES 

GIBBS & HILL, Inc. 
Consulting Engineer1 

8:11tem1 En1taeertnc 
Operattona B.e1earch • Denlooment 
Field Stud.lee • Della• • Procurement 

Power • Tran1portat1on • Communtcatlons 
Water 8upplJ • Wu te Treatment 

393 Senath A.nnue New York l. N. Y. 

OPPORTUNITIES 

QUALIFICATION FORM FOR POSITIONS AVAILABLE 

ATTENTION : ENGINEERS, 
SCIENTISTS, PHYSICISTS 
This Qualification Form is designed to help you 
advance in the electronics industry . It is unique 
and compact. Designed with the assistance of 
professional personnel management, it isolates 
specific experience in electronics and deals only 
in essential background information . The adver. 
tisers listed here ore seeking professional ex .. 
perience. Fill in the Qualification Form below. 
STRICTLY CONFIDENTIAL: Your Qualification 
form will be handled as " Strictly Confidential " 
by Electronics. Our processing system is such 
that your form will be forwarded within 24 
hours to the proper executives in the companies 
you select. You will be contacted at your home 
by the interested companies. 

WHAT TO DO. (1.) Review the positions in the 
advertisements . (2 .) Select those for which you 
qualify . (3.) Notice the key numbers. (4.) Circle 
the corresponding key number below the Quali
fication Form. (S.) Fill out the form completely . 
Please print cleatly . (6.) Mail to : Classified Ad
vtg . Div ., Electronics, Box 12, N. Y. 10036. 

COMPANY Page # KEY # 
ATOMIC PERSONNEf;-1Nc-. -- - 147 1 

CONDUCTRON-MISSOURI 147 1 
GENERAL DYNAMICS 145 3 

Electronics Div. 
GENERAL DYNAMICS------165*--4 -

Fort Worth 
GENERALELECTRIC CO. 14_6 ___ 5 

HUYCK SYSTEMS CO. 214 
IBM CORP. ------146 

Boulder, Colo. 
ISM CORP. 213* 

Federal Systems Div. 

144 

6 
7 

8 

COMPANY Page # KEY # 

LEAR SIEGLER, INC. 144 9 

LOCKHEED-CALIFORNIA CO. 208* 10 

LOCKHEED MISSILES & SPACE CO 137 11 

MARTIN COMPANY 153* 12 

MITRE CORP. 148* 13 

NAVAL LABORATORIES 211 * 14 

NEWPORT NEWS SHIPBUILDING & 
DRY DOCK CO. 169* 15 -- -

RAYTHEON CO. 143 16 

SANDERS ASSOCIATES 215* 17 
SAN FRANCISCO-cB=cA~Y,..._---------

NAVAL SHIPYARD 212* 18 
SERVO CORP-OFAM.'"'E=R"'"'IC~A-- 212·--19-
SYLVANIA- ELECTRONICS ________ _ 

PRODUCTS, INC. 113 20 
UNION CAR81DE_ C_O_R_P-. - ----214*--21-

V-M CORP. 147--22-

' These ath·erl isements appear in the OcLOber I 7th 
i Sl<I UC. 

PERSONAL BACKGROUND 
Name 

Home Address 

City 

Home Te lephone 

Zone. 

EDUCATION 
Professional Oegree (s) 

Major(s) 

University 

Date(s) 

State . 

FIELDS OF EXPERIENCE (Please Check ) 10/ 31/ 66 
O Aerospa ce 
0 Antennas 
0 ASW 

O Medicine 
O Microwave 
0 Naviga t ion 

0 Circuits 
O Communica t ions 
O Components 

0 Operation Research 
O Optics 

O Computers 
O ECM 
O Electron Tubes 
O Engineeri ng Writing 
O Fire Cont rol 

O Packaging 
O Radar 
0 Radio- TV 
O Simulators 
D Solid State 
O Telemetry 
O Transformers 0 Human Faclors 

0 Infrared O Other . . . . .... .. . . 
O Instrumentation 0 ........... .. 

CATEGORY OF SPECIALIZATION 
Please Indicate number of months 

experience on proper lines. 

RESEARCH (pure, 
fundamental, basi c) 

RESEARCH (App li ed ) 
SYSTEMS (New Concepts) 
DEVELOPMENT (Model ) 
DESIGN (Products) 
MANUFACTURING (P roduct ) 
FIELD (Service) 
SALES (Proposals & Product s 

Tech
nical 

Experi · 
ence 

(Months) 

Super
vi sory 
Experi. 

ence 
(Mont hs) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES ' 
POSITIONS THAT INTEREST YOU 1 2 3 
4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 
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~ Lots of new openings 
~ -· in many active categories· 

. ' 

Aerospace Ground Equipment Engineers 
BSEE with two or more years experience 
in electronics support of airborne weap
ons systems. Two types of assignments 
requiring: (a) systems integration with 
specific experience in one or more of the 
following : RF, video , pulse techniques, 
computer and digital techniques , attack 
radar, penetration aids, flight control sys
tems; (b) design experience in AGE radar 
(indicator, synchronizers) , IA electronic 
equipment receivers (IF, video, RF), 
ECM (threat simulation) and HF SSB 
communication equipment. 

Engineers - Radio Communications 
BSEE with a minimum of three years de
sign experience in military radio com
munications· equipment design. Will be 
assigned as project leaders rn the design 
of single sideband radio equipment. Must 
be thoroughly experienced in the areas 
of receivers, exciters, synthesizers and 
modulation techniques. 

Mechanical Engineers 
Requires minimum BS/ME plus two to 
six years experience in mechanical de
sign of electronic equipment for both 
R&D and production use. Should be 
capable of overall electronic packaging 
design and equipment design to meet 
electrical, maintainability, structural and 
overall thermal requirements. 

Reliability Engineers 
BS plus two or more years experience 
with emphasis on electronic circuitry de
sign and overall equipment design analy
sis and review, experience in certain 
aspects of component engineering, pro
totype development and test evaluation . 
Experience in developing and implement
ing total Reliability Programs for proposal 
activity, including predictions, reliability 
demonstrations, tests and design review. 

Human Factors Specialists 
Degree plus 2 to 8 years experience. 
Positions will involve system analysis, 
optimizing man-machine relationships, 
design inputs, maximizing maintainability, 
task analysis and specifying qualitative 
and quantitative personnel requirements. 

Maintainability Engineers 
BSEE plus two or more years experience 
in Maintainability Engineering - the con
cept, maintenance flow, throwaway vs . 
repair criteria, etc . Positions involve de
sign input, analysis (MEARS), document
ing, reporting, auditing and demonstra
tion testing . 

Value Engineers 
BSEE, ME, IE. Assignment requires the 
analysis of both design and manufactur
ing procedures to improve overall prod
uct cost effectiveness. Will work in close 
conjunction with Design Reliability and 
Maintainability Engineers. 

Administrative Engineers 
BSEE or BSME plus graduate work in 
Business Administration plus 3 to 5 years 
experience in engineering project control 
or major program scheduling and control. 
Basic knowledge of financial , PERT and 
similar techniques required. 

Electronic Components Engineers 
BSEE with 3 to 5 years experience in the 
application and specification of electronic 
parts for advanced military products. Spe
ciality may be in computer peripherals, 
major electronic devices, magnetic de
vices, solid state components or general 
electronic components . 

Quality Control Engineers 
BS degree with 5 years military equip
ment quality control experience related 
specifically to electronic equipment or 
components. Assignments available in: 
Design Review, Vendor Quality Control, 
Test Audit and Evaluation, Configuration 
Control and Planning. 

Manufacturing Engineering Specialists 
Advanced manufacturing development 
staff positions requiring a BS degree, 
with specialization in one of the follow
ing: Microelectronic Equipment Packag
ing, Numerically Controlled Machine Tool 
Operations and other Automated Produc
tion Techniques, Advanced Production 
Test Techniques, Electromagnetic Com
ponent Manufacture, Chemical/Metallur
gical Process Engineering related to 
electronic equipment manufacture. 

Product Planning Engineers 
BS degree in EE , ME, IE or Industrial 
Management. At least 3 years experience 
in electronic manufacturing involving en
gineering liaison with production depart
ments, manufacturing methods, pre-re
lease design review, production area 
layout, process detail preparation , and 
technical assistance to assembly opera
tions. 

Industrial Engineers 
BS degree or the equivalent and five 
years experience in process specifica
tion , PCB fabrication or coil manufactur
ing and potting. 

Test Equipment Engineers 
BSEE plus three years of extensive ex
perience in the design of specialized 
production test equipment. 

Test Engineers 
BSEE or Physics, experienced in elec
tronics manufacturing test or environ
mental test. Specific background in low 
frequency vibration , temperature , humid
ity and altitude environmental test tech
niques required . 

Plant Engineers 
Three positions : (a) wire communications 
specialist - with BSEE and 3 to 5 years 
experience in telecommunications equip
ment installation, traffic studies and sys
tem layout ; (b) power distribution spe
cialist - with BSEE and 3 to 5 years 
experience planning and laying out in
ternal plant electrical power systems for 
electronic laboratories, manufacturing 
facilities and plant conditioning; (c) plant 
layout specialist - with BSME or BSCE 
and 5 years experience planning and im
plementing the construction and reloca
tion of manufacturing and engineering 
facilities. 

Procurement Specialists 
BS in Business Administration or Engi
neering with three to five years experi
ence purchasing electronic components 
for military product manufacturing. Spe
cialization in solid state components 
preferred. 

Lots of expansion, that's why. 
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Send your resume, in confidence , to Lewis A. Corwin, Dept. 167 

GENERAL DYNAMICS 
Electronics Division 

1400 N. Goodman St. , Rochester, New York 14601 
.An Equal Opportunity Employer (M&F) 
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TV / CRT: Engineering and Manufacturing 

Want to be part 
of our next innovation? 

We' re going places. 
We ·Can get you growing, 

too. 
Innovation means growth in this business. And our engineers- in circuit, set, CRT 

design and manufacturing engineering- work in a climate that's aimed at produc

ing the new and different approach right now. Successful designs like the 12" 

personal portable; the 9" battery set, and our sensational low-cost Porta-color set 

are putting a steep pitch in our growth curve. Further growth examples: expansion 

in our Electronics Park Headquarters Operation plus a brand new facility now 

expanding in Portsmouth, Va . We have other plans, too. You can figure in them

to your long-range personal profit. You can expect a full package of G.E. benefits, 

including our Savings and Security Plan; efficient work surroundings; a place in a 

diversified company with a history of 37 years in television research, design and 

production; and excellent local living conditions in Upstate New York or Eastern 

Virginia. Interested in our kind of growth- Investigate this partial list of openings 

now: 

CRT DESIGN, MFG., PROCESS AND QUALITY CONTROL ENGINEERING: design, 

develop and manufacture cathode ray tube products far both monochrome and 

color, including element, materials application, mfg. techniques, and QC. BS 

degree plus 2-10 years' related experience desired. 

TV MANUFACTURING, PROCESS AND QUALITY CONTROL ENGINEERING: estab

lish, plan and attain quality control programs. Apply producibility, manufactur

ability and quality control principles ta engineering designs. Requires BS degree 

plus 2-10 years ' related manufacturing, QC or reliability experience. 

CIRCUIT DESIGN ENGINEERING (BOTH SIGNAL ANO DEFLECTION): ta conceive, 

develop and apply TV signal processing circuits, deflection yokes and related com

ponents. BS degree plus 2 or more years' related experience. 

MECHANICAL PRODUCT DESIGN: requires BS degree plus 2-10 years' experience 

or equivalent in consumer electro-mechanical product design and packaging. 

COMPONENT DESIGN ANO / OR APPLICATION : conceive, design and apply elec-

tronic components for monochrome and color TV receivers. Needs 2-4 years' com

ponent design or application experience . 

For more information, or to arrange a personal interview, send a resume of your 

experience in confidence la M. H. FitzGibbons, Manager, Professional Relations, 

Television Receiver Dept., Section G, General Electric Co., Electronics Park, Syra

cuse, N.Y. 13201. 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 

Skiing, Hunting, 
Beautiful Surroundings, 
Hiking, The University 
of Colorado, Culture, 
Stimulating People, 
A Tremendous Climate . 

And IBM Boulder, Colorado 

Who could ask far anything more? You 

could, if you ' re looking far a career 

with a future . 

And that's what you'll find at IBM's 

New Boulder, Colorado facility - an 

opportunity to develop and grow in 

your career as rapidly and as far as 

your talents and ambitions will allow. 

You ' ll be working far one of America 's 

leaders in science and technology. And 

you' ll be working on almost everyth ing 

new in the world today. New knowl

edge, new problems, and new solutions 

to older problems. But most of all you'll 

be working in a climate of creative 

freedom and career opportunity. 

So ask far one thing more. An inter

view with an IBM representative. Open

ings exist in the fallowing areas: 

Magnetic Head Design: BSME or BSEE. 

Must have two years' experience in 

magnetic head design . Must be familiar 

with procedures required in magnetic 

head development, building and evalu

ation. Ferrite experience desired. 

Magnetic Head Manufacturing: BSME 

or BSEE. Must have three years' experi

ence in magnetic head manufacturing, 

including initial tooling and process 

control far product engineering work on 

magnetic heads in production . 

Electrical Engineers : Must have experi

ence in circuit design, digital and 

linear amplifiers, plus experience in 

magnetic recording, encoding and de

tection circuits. 

Quality Engineers: BSEE, BSME with at 

least 2 years' experience in quality 

control. Must plan quality programs, 

perform design analysis, define quality 

oriented product . Experience in evalua

tion of data processing systems and 

statistical applications desirable. 

Please write, outlining your qualifica 

tions and interests, to : Mr. K. E. 

Mcintrye, Dept. 554-X5M, IBM Corpo

ration, P.O . Box 1900, Boulder, Colo

rado. IBM is an equal opportunity 

employer. 

IBM 
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CLASSI FIED ADVERTISING 

BUS INESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

Color DIAL TELEPHONES $10.95 
Factory rebuilt Western Electric Complete 
In white. beige. ivory, pink, green. 
or blue. Tf 4 prong plug is re- 
quired add $2.00. Fully guaran-
teed. \Vrl te for free li st. A 11 · · 
shjpments FOB. · :, 

SURP L US SAVING CENTER . 
Dept. E - 103 16 

Waymart . Pa. 18472 

RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS 
3 & 10 CM. SCR 584 AUTOTRACK RADARS. M -33 RADAR 
TPS-10 SEARCH. APS-45 TPS-100 HT. FINDERS. WX RADARS. 
FPN-32GCA. APS-10 APS-158 APS-27 {AMTI) SEARCH. • • 
APN-102 DOPPLER. DOZENS MORE. CARCINOTRONS. PFN'S • 
. 25-.5-1-2-3-6 MEGAWATT PULSE MODULATORS. CAVITIES. 
PULSE TRANSFORMERS. IF STRIPS. WAVEGUIDE. BENDS 
200 MC. 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS. 

RADIO RESEARCH INSTRUMENT CO. 
550 STH AVE., NEW YORK 36, N. Y. JU 6-4691 

CIRCLE 468 ON READER SERVICE CARD 

Solder 
PREFORMS & WASHERS 

Indi um pel lets, Al uminum Discs, Silver, 

Gall iu m, Exotic metals, etc. 1 OO mm 

Washers .156 ID x .218 OD x .020 

(Sn -63 % , Pb-37%) Total Impurities 

.1 % Max . . ..... .. .. . ..... . $1.10 M 

SOLDERTRON 
).. 2711 Mil itary Ave, West L. A., Calif. 

CIRCLE 469 ON READER SERV ICE CARD 

CIRCLE 470 ON READER SERVICE CARD 

FOR SALE: 

ELECTRIC, GAS, and 
VACUUM FURNACES 

l?o1mi n1; Gas CeneratOl'S. Nitrogen G<>nrratots. l'.:n<lo -
1hermic Ct>nerators. Ammonia Dis.;;ociato1·s. lnduc·tion 
l feate1·s. Vacuum MC' ta llizers. Strip Chart Jt e<-·oi·tlt•r:'. 
Temperature Control lers . 1• roi;rnmnwrs. ) lass 8o<'l' -
1ro111etcrs. Spectl'Ophotornett"' IS . Hrfntctomrters. Ca .~ 

l' ul'ifirrs. J~lertron Tube :Manuf:u·tu1·ing, .\ gin;.:-, and 
Testing 1<.: <1 ni oment . 

INSTRUMENTS & MACHINES INC. 
1200 Grove Stree t 

201 -371-7900 

Irv ington , N.J . 

CIRCLE 471 ON READER SERVICE CARD 

D~•lllT• 
firui!i'ULl"i 
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WHEN 
YOU TALK SIMULATION, 

YOU'RE TALKING CONDUCTRON 
Conductron is the company that developed the Gemini Simulator and the Mercury 
Trainer, the 737 Simulators and Trainers, the Orbital Timing Device, the 
Lockheed CSA Simulator, and the Bio-Medical Crit ical Monitoring Device. From 
our aircraft and spacecraft avionics comes auto-pilots for missiles, side
looking ra da r displays and Marine battlefi eld coordination computers. Current 
projects include making simulators for commerci al aircraft, an operation 
which is expanding into helicopter and engineering f light simulators. 

Conductron has facili t ies in St. Louis, Los Angele s, Houston and Ann Arbor, 
with programs in Airborne Collision Avoidance Systems, Airborne Digital 
Navigation Aids and Holography. 

Right now Conductron needs experienced simulator specialists who want above
average compensation, generous benefits and I iberal tuition aids. Current oppor
tunities include openings in the following categories: 

ELECTRICAL ENGINEERS • ELECTRONIC ENGINEERS 
DESIGN ENGINEERS • MECHANICAL ENGINEERS 

OPTICS • SCIENTIFIC PROGRAMMERS 
COMMUNICATIONS SPECIALISTS 

Send your resume in complete confidence to : 
Mr. Richard Ayres, Personnel Office, Dept. E 

CONDUCTRON • lllllSSOURI 
Division of Conductron Corporation 

2600 N. Third Street• Box 426 • SI. Charles, M issouri 63301 

We are and always have been an equal oppor111ni1y employer 

R. u. answering more than1 
advertisement? Then please send a 
separate reply to each box number. It 
will help you get an answer sooner. 

·----------------®. El.El's 
'-e(fS For FEE PAID positions 

t 
throughout U.S. 

Send Coupon Today 
ATOMIC PERSONNEL, INC. 

Suite L, 1518 Walnut St ., Phila., Pa. 
Experienced Engineers. __ Working 

" Full Time" ... For You ! 
, Send resume today. (If none, send 

CQUpon for confidential application.) 

Name·-- -----------

Address•------------
Cily _________ state __ _ 

-----------------



Ingenious uses for a 

You design engineers are coming up with all sorts o f 
ingenious uses for Flexite Shrinkdown plastic tubing. 

Three years ago, Markel Shrinkdown was introduced 
as a better, more easily applied insulation for electrical 
components, connections and assemblies of irregular 
shapes. It still is ... only more so! 

But new uses, in countless applications, are bein g 
discovered every day. For instance: to bind things to 
gether-add strength and rigidity-seal against leaks
identify wires and parts-protect against abrasion, wear 
and breakage-resist corrosion, heat and moisture
keep out dirt, water, grease and chemicals-cover rough 
or sharp protrusions-prevent vibration-reduce noise
improve appearance-and so on ad infinitum. 

Put your ingenuity to work. See where a skin-tight 
sheath of tough, flexible, heat-resistant plastic would 
improve performance, prolong life or cut the cost of 
your products. 

There are fou r types of Shrinkdown to meet your re
qui rements. O ne is of Teflon*, for use at temperatures 

148 Circle 148 on reader service card 

h<>t 
up to 250°C. Two have shrinking temperatures under 
200°F for use where highe r heat wou ld injure compo
nents. A ll have excel lent electrical characteristics ... 
meet mil itary and commercial specifications. All shrink 
50% in diameter-less than 10% in length. 

To stimulate your thinking, we' ll 
be glad to send you our " Hot Idea" 
experimental sample kit of Markel 
Flexite Shrinkdown Tubings. No 
cost-no obligation-just write. 

.. 

I 

I 

•ouPont Trademark .,. <~ 

L. FRANK MARKEL & SONS 
Norristown, Pa. 19404 • Phone: 21 5/272-8960 
INSULATING TUBINGS AND SLEEVINGS 
HIGH TEMPERATURE WIRE AND CABLE 
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IC technology lag 
troubles Europeans 

Russia's 1970 goal 

for color tv: 

million sets a year 

Philips to market 

broad computer line 
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Newsletter from Abroad 
October31,1966 .. ~··~: ' 

A wave of anxiety is building up in the W~t.:. E;,w:opea,n electronics 
industry over the growing lead 0£ the United States -in ;-infograted circuit 
technology. Although European _9ompanies·- feel they're about on a par 
in basic IC research, they frankly admit they're running into trouble 
getting IC production lines . 9n ·stream. 

At last week's second Inte]J)ational Symposium on Microelectronics at 
Munich, the consensus was that the U.S. now has a lead of nearly four 
years in IC manufacturing techniques. A few years ago, the prevailing 
estimate was a two-year lead. 

The outlook for closing the gap is bleak. With few exceptions, Euro
pean companies still are using what amounts to large-scale laboratory 
methods to tum out !C's. The few companies with full-fledged IC pro
duction facilities for the most part have bought their know-how and 
production machines from U.S. companies. 

European companies say the gap stems to a large extent from a lack 
of government support for IC research and development. And even in 
their own domestic military markets, they're up against the handicap of 
American companies that have manufacturing plants in Europe. But for 
many a product-development engineer, the plaint is against management 
that failed to realize in time the revolution that IC's nieaiit for electronics. 
As a result the European market for IC's is still piddling. Even with an 
expected 10-fold growth, the market in West Germany will total only $8 
million next year. By contrast, the U.S. market for IC's is expected to 
run about $157 million this year. 

The Soviet Union's plans for color television apparently include a pro
duction target of between 1 million and 1.5 million sets annually by 
1970. Russian officials have informed Compagnie Francaise de Television 
they'll need know-how for a color-tube plant of that capacity. Under the 
deal in which the Russians adopted the French Secam color tv system, 
the French agreed to provide--for a fee-manufacturing information as 
well as key components to tide the Russians over until they can get into 
production. 

Unless a hitch develops, the Russians will produce a low-cost tube 
developed by CFT. Instead of a shadow mask, the tube uses a wire grid 
and brightener electrodes [Electronics, May 3, 1965, p. 157]. CFT expects 
to have the tube in production in France by mid-1969 • . 

Executives at Philips Gloeilampenfabrieken NV are ·scotching recent 
rumors that the company has decided against entering the big-computer 
market. They insist the company will go into the market in 1968 or 1969 
with a broad line of general-purpose computers, backed up with software, 
for both business use and industrial controls. 

At the outset, Philips won't offer a business machine competitive with 
the larger models in the 360 series of the International Business Machines 
Corp. But, says a Philips planning executive, "We cannot abstain from 
big computers." To prepare for the move, Philips this year bought whole 
ownership of NV Electrologica, a small Dutch computer maker that 
manufactures business and scientific machines. Philips has a large 
research staff working at its own computer division at Apeldoom, the 
Netherlands, and is now building a marketing staff. 
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British hopes 
for China market 
suffer setback ..• 

••. but big sales 
in East Europe cheer 
computer makers 

U.S. lifts embargo 
on large-computer 
exports to France 

150 

Newsletter from Abroad 

The cultural revolution in Red China has taken the zing out of a prom
ising market for British instrument makers. With the Red Guard on the 
rampage, few senior scientists and factory officials dared visit an exhibit 
mounted last month at Tientsin by the British Scientific Instrument 
Makers Association. Instead of selling nearly all the equipment off the 
stands as they did last year, the 53 companies that displayed brought 
back to Britain some 90% of the instruments they'd shipped to Com
munist China for the show. 

The flop flabbergasted British manufacturers, who up to last month's 
show thought they had a burgeoning market in Red China. Instrument 
sales for the first half of the year totaled more than $7 million, up from 
$3.4 million last year. And earlier this year, a Red Chinese trade mission 
visiting London disclosed that more than $22 million had been earmarked 
to buy scientific instruments from Britain. Now prospects are that instru
ment sales to Red China this year will wind up at last year's level, rather 
than doubling as the British had expected. 

British computer makers now see East Europe as one of their best export 
markets. All the heavyweights in the industry are either closing deals 
with prospects lined up during the international computer show at 
Prague last May or already have firm orders. 

English Electric-Leo-Marconi Computers Ltd. has picked up the con
tract for a Leo 326 system-worth just over $1 million-from Czecho
slovakia's Ministry of Social Security. The British company will deliver 
its system late next year for administration of the social security accounts 
of some 10 million workers. 

International Computers & Tabulators Ltd., the industry leader, also 
closed a big sale this month-an ICT 1904 computer for Bulgaria. 

The computer will be used in the first of a network of local govern
ment data-processing centers that is planned to eventually include 20 
cities. The sale brought to nearly $4 million the backlog of orders ICT 
has from Bulgaria, Czechoslovakia, Hungary and Rumania. Elliott
Automation is well along with negotiations for the sale of a 4120 NCR
Elliott machine and the rash of orders from East European countries 
figures to spread over the next few months. 

President Charles de Gaulle's knack for getting most of what he wants 
has spilled over from diplomacy to data-processing. The French this 
month agreed to a procedure that will make certain that large U.S. com
puters they get will not be used for nuclear weapons development. As a 
result, the Johnson Administration cleared for exp0rt 11 big machines, 
including a Control Data Corp. 6600 computer and an International 
Business Machines Corp. 360-92. The export licenses had been held up 
because of U.S. commitments under the nuclear test ban treaty. 

The batch of U.S. machines will supplement a line of medium com
puters the French intend to develop themselves as part of de Gaulle's plan 
to free the country as far as possible from dependence on U.S. technology 
[Electronics, Oct. 17, p. 223]. De Gaulle, though, still needs one more 
large computer to develop nuclear weapons for his "force de frappe." 
The French Atomic Energy Commissariat is making do with an IBM 
Stretch computer for the nuclear weapons program and badly wants a 
CDC 6600. But there's no chance a CDC 6600 intended for weapons 
research will be cleared for export. 
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Japan 

NC with IC 

In the scramble for market leader
ship in numerical controls for ma
chine tools, Fujitsu Ltd. apparently 
has outdistanced its Japanese rivals. 

At the Third Japan Intern ational 
Machine Tool Fair this month, 
some 40 machines had NC controls 
and nearly 75% of the control hard
ware carried the Fujitsu label. If 
this weren' t enough, Fujitsu fur
ther stunned the competition by 
showing the prototype of an im
proved version-with integrated
circuit logic- of its F anu c 260 unit, 
already a bes t seller. Fanu c is the 
acronym for Fujitsu automatic nu
merical control. 

Fujitsu will s tart delivering the 
improved IC version next June. In 
so doing, the company will become 
the first Japanese producer to offer 
NC with IC. However, the West
inghouse Electric Corp., Bunker
Ramo Corp. and Cincinnati Milling 
Machine Co. all have conh·ol sys
tems using IC' s on the market. And 
other NC producers in the United 
States will follow suit soon. 

Although the 150 transistor-tran
sistor-logic packages in the IC ver
sion of the Fanuc 260 will cost 
more at the outset than the discrete 
transis tors they replace, Fujitsu 
will sell the improved version for 
about the same price as the current 
model-$3,400 for a two-axis con
trol and $5,000 for a three-axis con
trol. Fujitsu anticipates savings in 
assembly cos ts with the IC's will 
more than offset the added compo
nent expense. And Fujitsu is so con
vinced the improved Fanuc 260 will 
sell well th at it plans to produce the 
units in batches of 100. 

Versatile package. The TTL 
packages th at F ujitsu designed into 
its NC sys tem are the same ones 
it will use in a control and scientifi c 
computer to be introduced next 
month at the Japan ese computer 
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show. As a hedge agains t unfore
seen troubles on its own IC produc
tion lines, Fujitsu has made the cir
cuits compatible with the Series 
7400 units produced by Texas In
sh·uments Incorporated. 

Like its predecessor, the IC ver
sion of the Fanuc 260 positions only 
one axis at a time, a cos t-cutting 
approach to NC s in ce it requires 
only a single regis ter for position
ing instructions. And Fujitsu has 
retained open-loop control throu gh 
pulse motors that rotate the ma
chine- tool lead screws 1.5° for each 
output pulse from the driving cir-

Lighter load. A switch to IC's for the 
logic circu its slashed t he size and 
weight of Fujitsu's Fan uc 260 NC unit . 

cuits [Electronics, May 17, 1965, p. 
162). 

Power cut. However, Fujitsu has 
reworked the motors, cutting their 
power requirements from 3.5 am
peres per phase to 0.5 ampere. The 
power requirement s till is too high 
for direct drive from a monolithic 
IC but the change has enabled 
Fujitsu to switch from high-power 
germanium transistors to medium
power silicon transistors for the 
output stages. 
The reduced driving power also 

allows another improvement-in-

dividu al driving circuits for each 
of the three five-phase pulse mo
tors. Before, there was a single set 
of five driving circuits switched 
onto each motor in turn. To hold 
the old motors locked when they 
weren' t powered, electromagnetic 
detents were needed, plus control 
circuitry for them. In the IC ver
s ion the motors are locked through 
their individual driving circuits 
when they are not receiving posi
tioning pulses . \Vith this arrange
ment all three motors can operate 
simultaneously in manual control. 

Above all , the switch to IC logic 
packages has slashed the over-all 
size and weight of the unit. The 
original F anuc 260 was about the 
size of a small refrigerator and 
weighed nearly 300 pounds . The 
IC version is about a third as big 
and weighs 120 pounds. 

France 

Gallic logic 

A major goal of President Charles 
de Gaulle's effort to build a 
French computer industry is de
velopment of a s trictly-French me
dium computer for indus trial and 
scientific use. The mos t likely 
choice for the computer's basic 
logic seems to be a new family of 
circuits conceived in France and 
called current mode complemen
tary transistor logic. 

Compagnic Europeenne d' Anto
matisme et d'Electronique (CAE) 
developed the CMCTL circuits. 
CAE says the logic bes ts class ic 
high-speed digital circuits in speed, 
package count and power con
sumption. 

A small central processing unit, 
CAE claims, wou ld use 440 
CMCTL integrated-circuit pack
ages. The processor would con
sume 80 watts and have a maxi
mum delay time of 8 nanoseconds. 
An identical processor with emit-
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ter-coupled logic would need 560 
packages, consume 100 watts and 
have a maximum delay time of 13 
nanoseconds, according to CAE's 
comparative study. Straight com
plementary transistor logic ran 
third-600 packages, 120 watts and 
16 nanoseconds maximum delay 
time. 

This comparison alone sugges ts 
that CMCTL will be the choice for 
upcoming French computers. Tip
pin g the scales further in CMCTL's 
favor is the fact that CAE and So
ciete d'Electronique et d' Automa
tisme are jointly developing the 
French medium computer line 
[Electronics, June 27, p. 198). CSF
Compagnie Generale de Tele
graphie sans Fil is developing the 
integrated-circuit packages based 
on the CAE circuits. CSF, along 
with Compagnie Generale d 'Elec
tricite, is a parent company of 
CAE. 

Gates. The basic circuit in the 
CMCTL family is an AND/OR gate 
that uses both coupled emitters 
and a current-mode amplifier. 
Logic decisions are made by a 
coupled-emitter pair made up of 
complementary npn and pnp tran
sistors. The output signal is trans
mitted through complementary 
emitter-followers and the voltage 
level is restored b y a current-mode 
amplifier. 

With this arrangement (see sche
matic) the CMCTL circuit pro
vides a two-level logic output with 
a swing of I.I volts , nearly 50% 
higher than the 0.8-volt swing for 
emitter-coupled logic. And the cir
cuit gives both tme and comple
mentarv logic outouts, simplifying 
over-all computer design . F an outs 
up to 20 are possible on both out
puts. Average delay time is 4 nano
seconds for the gate and its ampli
fi er with a fan out of 4. The circuit 
needs only one voltage supply, 
-4.5 volts. For complementary 
transistor logic, two are needed. 
And the CMCTL configuration per
mits a margin of ± 10% in the sup
ply voltage. 

Connections. Because the output 
of the CMCTL circuit is by emit
ter-follower, there's no need for im
pedance matching when the delay . 
time through a wiring interconnec
tion to an IC package is less than 

1">2 

-4.5v 

CMCTL gate combines coupled emitters and a current-mode amplifier. Both 
true (V0 ) and complementary (Vo') outputs can be picked off emitter-followers 
cascaded with coupled-emitter pair that makes logic decisions. 

one-fourth the signal rise time. For 
longer connections, matching re
sistors are incorporated in the 
package along with a low-imped
an ce bias driver; this arrangement 
avoids a second supply voltage in
side the computer. Unused inputs 
in the gates are internally con
nected to the single negative sup
ply voltage, again saving external 
wiring among packages. 

Packages. For its CMCTL logic, 
CAE settled on two series of five 
standard units ranging from a twin 
two-input gate to a single gate with 
10 inputs. In the 100 series, the 
two-level logic circuitry is pack
aged separately from the amplifier. 
In the 200 series, the logic and am
plifier are in the same package. For 
large computing systems, the 100 
series has lower power consump
tion but the package count is about 
25% higher than for the 200 series. 

The CMCTL family also in
cludes a fast flip-flop that can serve 
either as a delay memory element 
or as a counting memory element. 
The Hip-flop has a propagation de
lay time of 6 nanoseconds and op
erates at clock speeds up to 120 
megahertz. Power consumption is 
250 milliwatts. 

French nyet 
The Franco-Soviet IO-year scien
tific cooperation a,greement signed 
in Moscow with a flourish by Presi
dent Charles de Gaulle las t June 
has foundered somewhat over a 
Russ ian pronosal to launch a 
French satellite. 

The Russians offered to laun ch 
a deep space probe with a French
built spacecraft in the late 1960's. 
But France declined sin ce the pro
gram would cost her $22 million 
and her space funds are already 
committed until 1970. What's more 
the French want the same treat
ment they receive in joint launches 
with the United States . But Soviet 
offi cials have said that it's not 
likely French technicians would be 
allowed to live and work at Ru s
sian space installations. 

This month the two nation s did 
arrive at one space agreement. Be
ginning in 1967 the Soviet satellite 
Molniya will transmit French 
Secam color television programs 
between the two countries. To cap
ture Molniya's signals, the French 
will modify their receiving station 
at Pleumeur-Bodou, in Brittany. 

Sweden 

Looking up 
Except for data-processing periph
eral equipment, Sweden hasn' t 
been mu ch of an electronics ex
porter. The country's military hard
ware producns , especially, are 
handicapped becau se Sweden is 
neutral and thu s doesn' t come in 
for a cut of the military bu siness 
generated by ioi:nt equipment pro
grams of the North Atlantic Treaty 
Organization to which most West
ern European countries belong. 

This month . though, Standard 
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Radio and Telefon AB booked
for military equipment-the largest 
electronics export order ever re
ceived by a Swedish company. 
SRT, an affiliate of the Interna
tional Telephone and Telegraph 
Corp., will supply to Denmark a 
computer - controlled air - defense 
system. The Danish Ministry of 
Defense, of course, is keeping the 
cost of the system secret, but it's 
estimated the order is worth at 
least $5 million to SRT. 

The sys tem SRT will build for 
Denmark is similar to one the com
pany is supplying to Sweden. And 
the SRT equipment may well turn 
up elsewhere in Europe. The com
pany says it is negotiating with a 
half-dozen other countries-some 
of them l\ ATO members-for sim
ilar systems. 

Mufti to khaki. By and large, 
SRT' s military air-defense system 
is built up from units used in the 
company's Digitrac civil air-traffic 
control system. Signals from a na
tionwide network of radar stations 
are fed into an air-defense center 
and digitized for computer proc
essing and display; even the plan 
position indicators use digital 
sweep. 

The compu ter that calculates tar
get tracks and interception courses 
can handle up to 200 tracks. That 
capability can be ex tended by add
ing computers , linking them with 
a data bus-line that has a capacity 
of 166,000 forty-bit words per sec
ond. There are both permanent and 
semipermanent program memories. 
For the semipermanent program, 
faster of the two, addition time is 

0.75 microsecond, multiplication 
time 16 µ.sec and division time 17 
µ.sec. 

Soviet Union 

Red sales 
The Soviet Union's electronics in
dustry doesn't always reflect the 
political moods of the Kremlin and 
sometimes the differences are strik
ing. As expected , instrument sales 
to North Vietnam are skyrocketing, 
but surprisingly so are sales to 
Communist China. 

Despite the increasingly bitter 
relations between Moscow and Pe
king, the Soviets quintupled their 
sales of instruments to Red China 
last year. Exports jumped to $656.6 
million compared with $127.8 mil
lion in 1964. Sales to North Viet
nam soared even higher propor
tionately. 

Hanoi bought $271.3 million 
worth of instruments in 1965 com
pared with $10.1 million in 1964, 
according to official Russian figures. 
Soviet sales of radio sets and record 
players to North Vietnam surged 
to 5,555 units valued at $122.2 mil
lion, up sharply from 1,300 sets 
and $26.6 million in 1964. Hanoi 
also bought $47.8 million worth of 
relays, compared with $45.6 million 
the previous year. 

Custom from Castro. Communist 
Cuba, however, remained Russia's 
best customer for instruments, buy
ing $690 million, down slightly from 

Electronics Abroad 

$726.6 million. East Germany was 
the only Communist country whose 
instrument sales to Russia exceeded 
purchases last year. German ex
ports totaled $163.3 million , up from 
$146.6 million . 

The official figures do not tell the 
full story however. There is , for ex
ample, no indication in the figures 
that the Russians imported any 
computers although it is known 
that they did. Computer exports 
slipped from 22 units in 1964 to 19 
last year. However, the dollar value 
of the machines rose from $1.95 
million to $3.2 million . And in their 
bookkeeping th e Russians peg the 
ruble at $1.11, but exchange rates 
among Communist countries are 
usually more realistic with ruble 
credit set at about 60 cents. 

Great Britain 

Breakthrough in breakdown 
By any standard, the planar tech
nique of fabricating silicon sem i
conductor devices rates as an 
epoch-making technology. More 
than anything else, the technique 
made possible the monolithic in
tegrated circuit, which is revolu
tionizing electronics. 

But the planar process does have 
a drawback, especially when it 
comes to diodes. The junctions of 
planar devices break down at re
verse voltages of about 200 volts. 

Now a British company, Associ
ated Electrical Industries Ltd. , has 

~ Scandinavian scene. Both Sweden and Denmark have ordered air-defense systems from Standard Radio and Telefon AB. 
Each operator has access to all the targets tracked by the system. 

Electronics [ October 31, 1966 



Electronics Abroad 

found a way to produce planar sili
con diodes that can take reverse 
voltages as high as 900 volts . That 
means new applications for planar 
silicon diodes in rectifying circuits 
where high transients occur. What's 
more, the diodes have very low 
leakage current-I nanoampere or 
less-so they can be used in tele
phone exchange equipment where 
thousands of diodes operate in 
parallel. 

Gradual. In diffused junction di
odes, the breakdown voltage of the 
junction depends on the maximum 
electric fi eld that the junction and 
the surrounding bulk material can 
withstand. The fi eld, at a given ap
plied voltage, in turn , depends on 
the impurity gradient near the 
junction and its radius of curva
ture-the smaller the radius the 
larger the fi eld. 

For its diodes, AEI uses a slow, 
deep diffusion ; exact values are 
proprietary. The diffusion moves 
more rapidly along the interface 
between the silicon surface and 
overlying oxide layer; as a result, 
the junction meets the silicon sur
face on a slant rather than at right 
angles. Because of the angle, the 
diode breaks down in the bulk ma
terial in stead of at the surface. Also, 
the deep diffusion smooths out ir
regularities that cause small radii 
of curvature in the junction and 
thu s lead to local regions of high 
fi Pld. And with a deep diffusion , 
the impurity gradient near the 
junction drops. 

Along with the junction geom
etry, AEI uses a high-res istivity 
bulk material to help obtain the 
unu sually high reverse breakdown 
characteristics. 

Current limiter 
Like most facilities researching 
microwaves, the Services Electron
ics Research Laboratories of Bri
tain 's Ministry of Defense is de
veloping Gunn-effect oscillators. 

So far SERL hasn't reported any
thing in advance of the field but 
it has come up with some unex
pected fallout-a current limiter 
without a junction. 

It consists simply of a wafer of 
bulk gallium arsenide with gold-
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indium ohmic contacts mounted in 
a cavity made up of a pair of cop
per plates. A thin layer of barium 
titanate separates the plates. In ef
fect, the plates and the barium ti
tanate form a capacitance shunt 
around the wafer to damp out the 
microwave oscillations that other
wise would develop when an elec
tric fi eld is applied across bulk 
GaAs. To furth er inhibit oscillation, 
the cavity is lossy. 

The saturation curve for the lim
iter is symmetrical and the sa tura
tion current depends on the ca thode 
area of the GaAs wafer. In an ex
perimental unit with a 0.001-inch
thick wafer measuring 0.015 inch 
square, the saturation current was 
0.3 ampere and the knee voltage of 
the cu rve 15 volts. 

Power density in the wafer runs 
high, about 107 watts per cubic 
centimeter, so the limiter has limita
tions in duty cycle. However, SERL 
sees possibilities for the device as 
a protector for transistor circuits. 
And sin ce it limits current at both 
positive and negative saturation 
voltages, the device can convert 
sine waves into square waves. 

West Germany 

Faster flasher 
Many times the quickest way to 
find the answer to a research prob
lem is simply to photograph a 
phenomenon at high speed. Now a 
Hamburg electronics firm , Impuls
physik GmbH, is promising to 
brighten researchers' days by 
throwing light on the subject 
faster. The company is marketing 
a high-powered flasher that deliv
ers light pulses at rates up to 300,-
000 pulses per second-about three 
times faster than the bes t flashers 
previously available. 

At 300,000 pulses per second, the 
repetition rate of the flasher can't 
be precisely controlled. But at 
speeds up to 50,000 flashes per 
second, Impulsphysik's "Strobo
kin" has a timing accuracy better 
than 3 X 10- 7 seconds. Energy 
output per flash ranges from 1 to 
10 joules, depending on the repeti-

tion rate; pulse length is 1 µ,sec. 
Sparking. The sys tem uses a 

high-pressure spark in a rare gas 
-argon or crypton-helium-to ob
tain a brilliant point source of light. 
To fire the main spark, a starting 
spark of about 20,000 volts is ap
plied to a triggering electrode. The 
spark ionizes th e gas between the 
main electrodes, which then dis
charge when a 40-megawatt, high
voltage pulse is applied across 
them. The peak light emission is 
reached in 0.2 µ,sec and drops to 
about 30% of the maximum after 
1 µ,sec. A trace of hydrogen in the 
rare gas suppresses afterglow. 

One key requirement for the 
flash er is to make the deionization 
time between success ive spark dis
charges as brief as possible. In the 
Strobokin, this is done by a quench
ing gap in series with the spark 
chamber. The quenching gap is 
made up of a row of hmgsten disks 
spaced about 0.2 millimeter apart 
in a hydrogen-filled discharge tube. 

E ssentially, the gap function s as 
a high-frequency switch that dis
charges residual energy in the low
ohmic main spark chamber. The 
quenching gap can handle peak 
currents up to 10,000 amperes and 
peak inverse voltages to 12,000 
volts at repetition rates up to more 
than 300,000 pulses per second. 

Around the world 

India. A $1.6 million satellite 
communications center now under 
construction at Ahmadabad, 200 
miles north of Bombay, is sched
uled to start operating in June, 
1967. In addition to use as a work
ing ground station , the facility will 
serve as research and training cen
ter. The Nippon Electric Co. of 
Japan has the contract for the com
munications equipment. 

Sweden. Stockholm · may soon 
join the growing list of cities where 
traffic is computer controlled. The 
traffic police division is installing 
computer-controlled signals in a 
test area. If the tes t is successful, 
all the traffic lights in the city will 
be timed by a central computer. 
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RCA 
·Announces 
~ the l\IEW 31\1128 
- ~ (MOS) FET ror 
u "" F applications 
, .. features: o low feedback capacitance (0.2 pF max.) o high power 

'7> gain (18 dB typ. at 200 MHz) o high forward transconductance 
· (5,000 µmho min.) o low noise (4 dB typ. at 200 MHz) o low cross

modulation distortion o a hermetically sealed metal case 
J. 

.. 
.. • 

.,. ' 

'Price in quantities of 1,000 and up 

RCA's 3Nl28 N-channel, depletion type, MOS field-effect 
transistor is now available in production quantities for com

~ • munications and industrial applications. This new insulated 
gate MOS transistor exhibits ( I) extremely low gate-leakage 

> ~ current ( 0.1 pA typ.) which permits stable operation over 
wide temperature ranges, ( 2) feedback capacitance sub

. stantially lower than that of conventional junction-gate 
devices, and ( 3) extremely high input resistance of 1014 

ohms typ. 
The RCA 3Nl28.simplifies your designs because you can 

use conventional electron-tube type biasing techniques. In 

addition, the drain current exhibits a negative temperature 
coefficient which makes thermal runaway virtually impos
sible. These attributes, combined with a large signal-han
dling capability and low cross-modulation distortion, make 
the 3Nl28 MOS a "must" for critical front-end designs. 

Call your RCA Field Represen tative for complete techni
cal information, price and delivery on the new 3Nl28 (MOS) 
FET. For Application Note AN-3193, or for a technical data 
sheet, write RCA Electronic Components and Devices, Com
mercial Engineering, Section EN l 0-5, Harrison, N. J. 07029. 
SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY 

RCA Electronic Components and Devices 

• • The Most T•usted Name in Elect•onics 
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Miniaturization by 
Mitsubishi! 

57Mc 

114Mc • 

VHF-UHF circulators (isolators) small 
enough to fit in the palm of your hand ! 

Freaue ncy (Mc ) 

Power (W \ 

Forward Loss (dB) 

Backward Loss {dB } 

Input VSWR 

B and Width t Mc l at 25° C 

Temper ature Range (°C1 

D imen sion s (mm) 

Performance 

57 114 170 413 680 1000 
50 40 30 30 15 10 

l 0 .7 0 .7 0 .6 0.6 0.5 

( 0 .8 ) ( 0.5 ) ( 0.5 ) ( 0.4 ) ( 0 .4 ) ( 0.35) 

15 15 15 20 20 20 

( 20] ( 20) ( 20) ( 20) ( 20) ( 20 ) 

l.4 l.4 l.4 l.3 l.3 1.3 

r t.3 J ( l.3 ) ( l.3 ) ( l.3 ) ( l.3 ) ( l.3 ] 

l 2 3 15 20 40 

- 10 - + 40 (usabl e up to + 60) 
(approx . 50 x 7 0 x 33) 

) 1nd1cates t ypica l va lue. 

These new Mitsubishi 

circulators stabi lize 
amplifiers, oscilla

tors, and multipliers 

in solid state circuits 

and reduce transmit
ter intermodulation. 

The special inner fab

rication devised by 
Mitsubishi engineers 

reduces size and weight , yet permits these circulators to be used in extremes of high and 

low temperature. They are protected against magnetic interference and constructed to 

withstand severe vibration. For complete information on the frequency ranges listed 

(or, for that matter, any other frequency) write to Mitsubishi's head office in Tokyo or 
cable directly to MELCO TOKYO. 

MITSUBISHI ELECTRIC CORPORATION 
Head Office: Mitsubishi Denki Bldg., Marunouchi, Tokyo. Cable Address: MELCO TOKYO 
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Whose dual in-line 930 DTL? 

0 ITT 

D OTHERS 

Only your 

purchasing agent knows 

for sure! 

ITT offers all series 930 DTL circuits in a 

dual in-line package. Circuits manufactured 

by ITT are identical to and perfectly inter

changeable with the other leading brand. 

If you're convinced that dual in-line 

packaging is your answer - if you want 

the lower component insertion cost, heavier 

leads and all-ceramic construction that only 

dual in-line can give you, evaluate ITT. 

You can order any series 930 DTL in dual 

in-line today! Call your ITT distributor or 

factory representative. 

ITT 
SEMICONDUCTORS 

ITT SEMICONDUCTORS 1$ A DIVISION OF THE INTERNATIONAL TELEPHONE AND TELEGRAPH COAPORATIOU 

FACTORIES IN WEST PALM BEACH, FLORIDA, PALO ALTO, CALIFORNIA. LAWRENCE, MASSACHUSETTS, HARLOW ANO FOOTSCRAV. ENGLAND. FAE1BURG ANO NUAENBEAG. GERMANY 
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