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or the: impuri ties, the transpa rent 
crystals are highly photosensitive, 
and that 's the first property neces­
sa ry to reco rd the interference 
waves that make up a hologra m. 
Secondly, the hologram patterns ca n 
be fixed rapidly in the crysta l so 
they won ' t be wiped o ut when 
they' re read out by a beam of light. 
Fina lly, once fixed in the crystal, 
holograms can be erased with little 
trouble and new ones written in . 

Fix. The CSF people were not the 
first to look a t ferroelectric crysta ls 
for optical memories. A team a t RCA 

last summer recorded a nd fixed 
holograms in a complex material ­
LiNb03. To fix its holograms, 
though, the RCA team has to hea t its 
crystals to l00°C a nd hold th em at 
that tempera ture fo r 30 minutes. To 
erase. the crys ta l has to be heated to 
300°C. 

In the French method, proved out 
for the first time las t fall , fixing a nd 
erasing are accompli shed electri­
cally and take between a millise­
cond and a second . Micheron ex­
p lained the t ech niqu e at th e 
Internationa l Solid Circuits Confer­
ence in Phil adelphi a. 

Wh en there 's a holographic pat­
tern projected into the ferro-electric 
crystal, space charges build up at 
th e bounda ries between lit a nd unlit 
areas beca use of the migration of 
excited impurity elec trons. The elec­
tric fields associated with the space 
charges vary the refractive index of 
the crystal to record the pattern . 

The readout, of course, has to be 
by light. Ordinarily, then , the elec­
trons would be exci ted once again. 
ln other words, no more pattern . 

Ionic. Ions, howeve r, don' t mi­
grate when they are illumin ated and 
thus the hologram pattern can beef­
fective ly fixed by setting up an ion 
pattern that matches the electron 
pattern . This is what the RCA crew 
do when th ey hea t their crysta ls. 
The ions become mobiJ e a nd mi­
gra te under the influence of the 
space charges associa ted with the 
hologram pattern . 

Micheron , too , sets up an ionic 
pattern, but he makes the ions move 
by means of electric field s. There's 
no externa l applied field on the 
crystal during writing, a lthough 

there is an internal one, the rema­
nent fi e ld characteristic of a ferro­
electric material. The space charges 
set up by the electron migrations in­
teract with the coercive field , which 
becomes spatia lly modulated inside 
the crystal. 

Now, applying an external field 
ca uses partia l switching of ionic 
polariza tion and therefore forces the 
ions to take a pattern matching that 
of the electrons. The fixing field is 1 
kilovolt per centimeter. Erasure is 
accomplished by applying a field 
hig h enough to sa tu ra te the crystal 
and thus reestablish a uniform dis­
tributi on of the ions. Th.e erasing 
field has to be between 4 and 5 
kv /cm. 

Using capacitances to 

measure microdistances 

A private electronics laboratory 1n 
Grenoble ha.s developed what it 
ca ll s a new concept in measuring 
microdi stances, one that can pro­
vide precision up to 1/ 160 of a mi­
cron without contact. Its developers 
foresee a broad spectrum of appli­
ca ti ons for the principle involved, 
ranging from gas ana lys is in pollu­
ti on control to acce le rometers in the 
aerospace field . 

Th e first prototype last month got 
ce rtifica tion from Cetim La bora­
to ries (Centre Technique des Indus­
tries Mechaniques), a French bu­
rea u of stand a rds . The prototype 
measures the distance between two 
e lec trodes so accurate ly th a t a 
ge ntl e draft from an open door 
ca uses the digita l di splay to register 
the contraction of the metals. When 
the door closes, the tern pera tu re 
rises a degree or two, and the di s­
play shows the metals slowly return­
ing to the ir prescribed size, 1I l60 of 
a micron at a time. 

Center. Resea rchers a t LEAD 

(Laboratoire d ' Electronique et 
d 'Automatiq ue Da uphinois) have 
been working fo r a bout I 0 yea rs on 
the principle of measuring di stances 
and materi al consistency by record­
ing changes in capacitance. The first 
successful applica tion that LEAD 

made was in a centering device , us-

ing a rotating probe that finds the 
center of a hole by seeking the point 
where capacitance is equal in a ll di­
rections inside the hole . LEAD presi­
dent Ferdy D . May er ha s so ld 
French license rights for the center­
ing device to Sagem and a license 
option to the Industria l Metrology 
division of the Bendix Corp. 

Switching. Mayer says patent 
searches indicate that he is original 
in his technique of making measure­
ments by switching between a 
known capaci ta nce and an un­
known, varying the unknown until it 
matches the known. The swi tching 
is constant a nd the two circui ts sym­
metrical, e liminating the danger of 
error by frequency drift o r acciden­
tal vibration. The principle, Mayer 
ma inta ins, can be used in the mea­
surement of resista nce, inductance, 
or even optical parameters as in­
dicators o f distance . He is now ha rd 
at work on new p rototypes and new 
ap plications. 

He dem onstra ted a t Ce tim's labo­
ratories near Pari s a prototype of a n 
instrument to measure the distance 
between two electrodes. The refe r­
ence capacity was 240 picofarads 
and the variable capaci ty was ad­
justable between two electrodes se p­
ara ted by 1 millimeter of a ir. The 
numerical di splay ticked off 160 di­
gi ts for each micron of di sta nce the 
two electrodes were separated. 

Noncontact. Mayer says a major 
point of originality is the abi lity of 
the instrument to make meas ure­
ments without contac t between the 
two parts being measured. Thu s, he 
sees applications in the measure­
ment of the density of gases and in 
the aerospace field , where he ex­
pects to ga in at least one or two or­
ders of magnitude in precision in ac­
celerometers in inertial pla tforms. 

Great Britain 

Spotting IC pin holes 

with liquid crystals 

As oxide laye rs get thinner it be­
comes more difficult to stop pin 
holes from forming. Pin holes, or 
some times merely areas of oxide 
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that are too thin , cause short cir­
cuits. Until recently there has been 
no convenient way of loca ting pin 
holes without destroying the oxide, 
which makes it difficult to work out 
why they are there. 

Now a Briton at the Roya l Radar 
Establishm ent has come up with a 
simple method of producing a strik­
ing display of hole locations. What's 
more, the approach doesn' t affect 
the .holes and can be repeated in­
definitely. But there's one hitc~ . Al­
though IC makers in Brita in say that 
the method looks good, the only one 
that se t out to use it regula rly- Fer­
ranti Ltd.-dropped it earl ier this 
month after a few weeks, despite ex­
cellent results . The snag: the tech­
nician must constantly handle a 
liquid crystal that Ferranti 's_ chief 
chemist has adYised mi ght cause 
cancer. 

Details. Basically, the technique 
consists of putting a couple of d ro ps 
of a liquid crysta l on to a slice, a nd 
placing a thin glass sheet on the 
drops so that they spread over the 
wafe r and support the glass. The 
glass has a transparent layer of tin 
oxide on its underface , which forms 
one electrode . A vo ltage is app lied 
to the back of the wafer. Where the 
thin ox ide is not effective, as above 
pin holes , th e crystal becomes vis­
ible instead of transparent. The 
crystal becomes turbulent- a pin 
hole display looks rather like a mi­
croscope image of active bacteria­
and is very easy to see. If a pin hole 
connects with surface metalization, 
all the crystal above the shorted 
meta l becomes turbulent. 

At low voltages only obvi ous de­
fects in the oxide produce a displa y. 
As the voltage is turned up, the less 
obviously defective areas, such as 
those that are simply too thin , pro­
duce a display. Switching off the 
voltage makes the crystal tran s­
parent agai n, and the tests can be 
repeated indefinitely, provided the 
oxid e breakdown voltage is not 
grossly exceeded. 

The problem. The tro uble is that 
the only general ly avai lable liquid 
crysta ls that give a good display at 
room temperature using suitable 
vo ltages- 3 to 4 volts and up- are 
the MBBA negative nematic types, 
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Store house. Analog memory device can 
also act as multiplier of signals. 

which conta in benzylidene com­
pounds. There a re gro und s for 
thinking these compounds can stim­
ul a te ca ncer , a nd nobody h as 
proved they don' t. 

John Keen, the RRE inventor of 
the technique, works in a fume-free 
area, wears surgica l gloves, and 
takes care over disposing of the so l­
vents he uses for cleaning crys tal off 
the slice. However, Ferranti's chem­
ist recommended stricter precau­
tions, which IC development engi­
neer Alan Worrell says take up too 
much time, and he has stopped rou­
tin e use of the m ethod until a 
known safe crystal is ava il a bl e. 
Worrell will certainly use it for rou­
tine quality control if a trustworthy 
crysta l does come a long, because it's 
so simpl e and so effect ive. "A test 
takes only a couple of minutes to set 
up" he says. 

Drops. Keen, who described the 
technique a t the Interna tion al Solid 
State Circuits Conference, says th e 
size of the display over a pin hole is 
in proportion to the thickness of th e 
crysta l laye r and is on ly slightly af­
fec ted by the size of the hole. Two 
drops of crystal on a 2-inch slice 
produce a layer about IO microns 
thick, which is about opti mum. He 
reckons a I 0 cubic centimeter bott le 
of MBBA crysta l will provide about 
280 sli ce displays. 

In England the cheapest suitable 
crystal is Vari-Light VL- 1047 a t the 
eq uivalent of $32.60 for IO cm3 , or 
about 11.5 cents per slice. Howeve r 
VL- 1047 is not a full MBBA crysta l 
and strips off positive resists, though 
it is all right with negative resists. 
Fu ll MBBA crysta ls, which don ' t 
harm positive resists, a re the equiva­
lent of about $50 for IO cm3. 

Japan 

Analog memory provides 

nondestructive readout 

Even though the demand for analog 
computers as such is not grea t, 
equipment with a nalog-type com­
puting circuits continues to prolife­
rate. So there should be a good mar­
ket fo r a nond estructive readout 
ana log memory under development 
at the Analog Information Research 
Section of Japan's Electrotechnical 
Laboratory. The memory can a lso 
function as a vari able coefficient de­
vice that ca n multiply a second in­
put by the stored value. 

The new memory makes use of 
severa l physical properties tha t oc­
cur simultaneously in single-crystal 
slabs of triglycerine sulphate, a fer­
roelectric material. Characteristics 
of TGS make it very suita ble for use 
in memory applications. It is spon­
taneously polarized by an applied 
field , and the hysteresis cha racter­
istics of its polarization have a 
square shape. 

Locked in. Thi s characteristic is 
the most important for writing in in­
formation, because when the pola­
rizing field is removed the polariza­
tion remains a t the same level as 
before the field was removed . How­
ever, polarization is essent ia lly a 
charge locked in the mate ria l, and it 
is not ava ilable for direct readout. 

The piezoelectric characteristics 
of TGS offer the method of non­
destructively reading out the stored 
information. For example, consider 
a device consisting of slab of TGS 
with two sets of electrodes, each set 
consisting of an identica l electrode 
on opposite sides of the slab. 

T he material under each set of 
electrodes must be polarized by a 
vo ltage applied to the electrode pa ir 
to obtain piezoelectric character­
istics. Then a voltage applied to one 
set of electrodes will se t up a vibra­
tion in the slab, and the vib ra tion 
wil l generate a voltage at the second 
set. 

The voltage at the second set of 
electrodes is proportiona l to the 
polarization a t the second se t multi-
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plied by the polariza tion at the first 
set multiplied by the voltage a p­
plied to the first set. Thus, polariza ­
tion at the second set can be read 
out, if the polarization of the first set 
and the voltage applied to it a re 
standardized . 

Saturation. For the actu a l oper­
ation as an analog memory, the ma­
terial under the first set of electrodes 
is polarized to sa turation value for 
maximum readout vo ltage. Excita­
tion is provided by connecting a n IC 
comparator circuit to the first set of 
electrodes, leading to self-excited os­
ciUations as in a crys tal oscillato r. 
Oscill a tion occurs a t the self-reso­
nant frequency o f the slab, whi ch is 
optimum for high output voltage. 
Oscill a tion waveform , a nd thus vo lt­
age applied to the first set of elect­
rodes, is a squ a re wave beca use of 
characteristics of the IC. Beca use the 
exciting waveform is a unidirec­
tional vo ltage varying between a 
value close to 0 and a valu e close to 
the power supply voltage , po lariza­
tion is not changed by the driving 
voltage. 

When the device is used as a 
memory circuit , the voltage applied 
to the oscillato r circuit is set at 
precisely 10 vo lts. As for other 
ana log memory or hold circuits, a 
feedback a rrangement is used to 
compare and se t th e stored voltage 
equa l to the a na log input voltage. 

Multiplier. Wh en the analog de­
vice is used as a varia ble coeffi cient 
circuit, operation is initiall y similar, 
except that the stored voltage corre­
sponds to the variable coeffici ent. 
Then the a nalog input to be multi­
plied by the adjustabl e coefficient is 
connected to the oscillator circuit in 
place of the precise 10-v supply 
used for standa rdization. In thi s 
mode the output voltage is the prod­
uct o f the stored adjustabl e co­
efficient mult iplied by the a nalog in­
put vo ltage, which can vary between 
0.4 and IO v . 

For the vo ltage ran ge over which 
the memory device and its associ­
ated circuit s pro v id e va ri a ble 
coefficient operation , linea rity is 
within about 3%. The nonlinearity 
appears to be closely related to the 
varia tion in th e stored value with 
ti me. At present , the stored va I ue 

a ppears to fall about 3% during th e 
first 30 minutes, after whi ch its 
value stabilizes. 

Programable MAS ROM 

comes to market 

A versa til e programabl e read-only 
me mory developed by Nippon Elee­
tri c Co. packs Jong-term non-volatil ­
ity, on-chip address decod ing, ex­
tre me ly hig h speed , tr a nsisto r­
transistor logic co rn pa ta bi Li ty, a nd 
high yield into one product. Initia lly 
it will be availa ble in a 256-bit ve r­
sion, the µ PC45 ID, with a 1,024-bit 
ve rsion scheduled to become ava il­
a bl e this summer and eve n la rge r 
ve rsions la ter on. 

Me mory transistors a nd all o ther 
acti ve elements oh the me mory chip 
use th e metal alumina semicon­
ducto r, n-channe l, enhancement­
type fi eld effect tra nsistor structure 
develo ped two years ago by Nippon 
Electri c [Electronics, Feb. 16, 1970, 
p. 7 1 ]. This includes the decoder 
transistors, load transistors, and se­
lecto r tra nsisto rs. 

Inclusion of on-chip decoding has 
greatly increased memory density 
by decreas ing the a mount o f periph­
eral connections required . Nippon 
Electric ca n fit a 256-bit me mory on 
a 2-by-2-mm chip, compa red to th e 
3-by-3-m m chip used ea rlier. 

Structure. All fie ld e ffect tra nsis­
tors have a 150 a ngs trom, th erm a lly 
grown silicon dioxide laye r with 
overly ing 1.300 a ngs trom a lumin a 
layer as ga te insula tor under alumi ­
num ga tes. This structure gives a 
sta ble initia l threshold voltage, ri gid 
criti ca l voltage, a nd hi gh cha nn el 
mobility. In add ition, re li ability is 
improved 0y using heavy boron di f­
fusions as cha nnel stoppers between 
adjace nt tran sistors to suppress 
leakage current, which would oth er­
wise be caused by the hi gh pos iti ve 
vo ltage a pplied to the gate electrode 
during the write opera ti on. 

MAS memory chips of this type 
ca n be e rased with e ither ult rav io let 
li ght or X rays, a nd a pa per a t th e 
Internationa l So lid Sta te C ircuits 
Conference desc ribes a method o r 
elec tri ca ll y eras ing th e memory with 

a large nega ti ve vo ltage. But th e 
me mo ry will not initia ll y be speci­
fi ed in the ca ta log fo r reprogram­
ing- its package prevents use of ul-
tra vi o let rays a fte r assembly, and X ;. 
rays a re consid ered too da ngerous. ... 
Electri ca l erasing will not be speci -
fied because of the poss ibility that • 
vo ltage spi kes during erasing may 
des troy the m emory devices. 

Lines. A 256-bit m em o ry has ,., 
eight X lines, fo ur Y lines , and eight 
Z lines. F or pro per circuit operation, • 
tra nsisto rs are des igned so tha t th e 
mutual conducta nce of th e me mory f' 

transistors, load tra nsistors, se lecto r 
tra nsistors, a nd decoding tra nsistors 
is in the ra tio of 6: I : 18:24. 

Th e load t ra nsisto rs ge t th ei r 
na me because of the resembla nce of ""' 

( 

th e c ircuit configuration to the loa d i.. 
tra nsistors often used in MOS ga te 
circuits. Load tra nsisto rs prov ide a 
hig h-resista nce return pa th for the 
me mory t ra nsisto r d ra ins to th e read 
line during write. T he se lector tra n­
sistors provid e a pa th for readout 
current during read and block snea k -<1 

curre nts during write. Whe n pro-
vided wi th a separate termina l, they ,... 
p rovide a method of selec ting out-
put from one chi p a mong ma ny. 

T o progra m a se lected bit, 25 
vo lts is applied to th e read lin e a nd 
a selected Y terminal, while 60 v is 
a pplied to a se lected Z termin a l. _4 
The termina ls are connected to + 25 
v, with vo ltage of th e se lec ted X te r­
minal lowered to 0 v, if the se lec ted 
bit is to have a 0 written in. T he 25-, 
60-, a nd 0-v pulses should occur si- 1o­

m ul ta neo us l y a nd be 10 mill i­
seconds or longe r fo r re li a ble pro- '~ 
gra ming while th e writing voltages 
are a ppli ed . 

Readout. To read co nt ent s of 
me mo ry, TTL hi gh output level ­
a bout 4.5 V- is a pplied to th e selec- ... 
ti o n term ina l and to th e selected Z , 

~ 

Y, a nd X termin a ls. Output current 
flows into the X te rm ina l th roug h 
decoding t ra nsisto r. memory t ransis-
tor, selec ti on tra nsisto r, and a re­
sisto r conn ected be tween read te r- '· 
min a l a nd gro und . A se n se 
a mpli fie r boos ts output across th e 
res isto r to d rive subsequent ga tes . 
T his configura tion gives a one- bit ­
a t-a- tim e out p ut fo r each of 256 
words. 

Electronics/ February 28 , 1972 



• 

Advertising Sales Staff 
Pierre J . Braude [2 12] 971-3485 
Advertisi ng Sales Manager 

Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square, 1175 Peachtree St ., N.E 
[ 404] 892-2868 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 

Chicago, Ill. 60611: Robert W. Bartlen 
Kenneth E. Nicklas , 645 North Michigan 
Avenue , [312] MO 4-5800 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dallas, Texas 75201: Richard P. Poole 
1340 Republic National Bank Building 
[214] RI 7-9721 

Denver. Colo. 80202: Harry B. Doyle. Jr. 
Tower Bldg ., 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48226: Robert W. Bartlett 
2600 Penobscot Building 
[313] 962-1 793 

Houston, Texas 77002: Richard P. Poole 
2270 Humble Bldg . [713] CA 4-8381 

Los Angeles, Calif. 90017: Rabon J. Rielly 
Bradley K. Jones, 1125 W. 6th St ., 
[213] HU 2-5450 

Minneapolis, Minn. 55402: Kenneth E. Nicklas 
1104 Northstar Center [612] 332-7425 

New York, N.Y. 10036 
330 W. 42nd St. 
Warren H. Gardner [212] 971-3617 
Michael J. Stoller [212] 971-3616 

Philadelphia, Pa. 19103: Warren H. Gardner 
6 Penn Center Plaza . 
[212] 971-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212-971-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford , N.Y. 
[716] 586-5040 

St. Louis, Mo. 63105: Kenneth E. Nicklas 
The Clayton Tower, 7751 Carondelet Ave. 
[341] PA 5-7285 

San Francisco, Calif. 94111: Don Farris 
Robert J. Rielly , 425 Battery Street, 
[ 41 5] 362-4600 

Paris: Alain Offergeld 
17 Rue-Georges Bizet , 75 Parts 16, France 
Tel : 720-73-01 

Geneva: Alain Ottergeld 
t rue du Temple, Geneva . Switzerland 
Tel: 32-35-63 

United Kingdom: Keith Mantle 
Tel: 01-493-1451 , 34 Dover Street, London W1 

Milan: Robert Saidel, Roberto Laureri 
1 via Baracchirn Phone 86-90-656 

Brussels: Alain Offergeld 
22 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-65-03 

Stockholm: Brian Bowes 
Office 17 , Kantor-Center AB, Hagagarten 29, 
113 4 7 Stockholm. Tel: 24 72 oo 
Frankfurt / Main: Fritz Krusebecker 
Liebigstrasse 27c 
Phone 72 01 81 

Tokyo: Maseru Wakeshima , McGraw-Hill 
Publications Overseas Corporation , 
Kasum1gaseki Building 2-5, 3-chome, 
Kasumigaseki , Chiyoda-Ku , Tokyo , Japan 
[581] 9811 

Osaka: RyJi Kobayashi , McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg ., 163, Umegae-cho K1ta-ku [362] 8771 

Australasia: Warren E. Ball , IPO Box 5106, 
Tokyo , Japan 

Business Department 
Stephen R. Weiss, Manager 
[212] 971-2044 

Thomas M. Egan, 
Production Manager [212] 971 -3140 

Carol Gallagher 
Assistant Production Manager [212] 971-2045 

Dorothy Carter, Contracts and Billings 
[212] 971-2908 

Frances Vallone, Reader Service Manager 
[212] 971-6057 

Electronics Buyers' Guide 
George F. Werner, Associate Publisher 
[212] 971 -3 139 

Regina Hera, Directory Manager 
[212] 971-2544 

Electronics/February 28, 1972 

The most compact Solderless Connector 
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ity for inspection of the one-piece connection before, during 
and after termination. 
Only three sizes are needed to handle the range of shielded 
cables from .055 to .205 over braid dia. 
The installing tool features the exclusive Shure-Stake® me­
chanism which assures that the proper, preset compression will 
be reached before the tool will release the connector. The 
Thomas & Betts Company, Elizabeth, New Jersey 07207. 
In Canada, Thomas & Betts Ltd., P .Q. 

New Shield-Kon® Wrap Around Connector Features 
• miniature size, light weight, one piece construction 
• lower installed costs 
• higher reliability, meets or exceeds the applicable performance 

requirements of MIL-F-21608. 
• mid-span termination capabilities 

-.. THOMAS & BETTS 
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T&B Distributors 
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Advertising & Sales Promotion Syracuse Operation 

General Radio Co. 43 
GRAD Associates 

Georgia Department of Industry & Trade PB-10 
Cargill , Wilson & Acree , Inc. 

Gestetner PB-11 
Savitt Tobias Balk, Inc. 

# Goerz Electro GmbH 1 OE 
Werbemittlung 

Gudebrod Bros. Silk Co. 
Electronics Division 107 
Coastline Advertising 

# Heinzlnger 15 
Technik Marketing 

Hermes Electronics Ltd. 16 
Public & Industrial Relations L1m1ted 

•Hewlett Packard 
Richardson, Seigle, Rolls & McCoy, Inc . 

•Hewlett Packard 20-21 
Tallant Yates Advertising, Inc. 

Hughes Aircraft Company 40-41 
Foote, Cone & Belding 

IEEE '72 International Convention 106 
IEEE Advertising Ollice 

Intel Corporation 45 
Bonfield Assoc iates 

# 1972 International Conference on Thin Films t SE 

Krohn-Hite Corporat ion 
Impact Advertising , Inc 

Ledex , Inc. 
Mervar Advert1s1ng 

Litronix, Inc. 
Regis Mc Kenna, Inc 

Lockheed Electronics Company 
Mccann-Erickson. Inc . 

# LTT 
Publlbel 

Lyon Metal Products 
Reineke , Meyer & Finn Advert1s1ng 

Medical World News 
Friedlich Fearon & S1rohme1er 

Mercedes-Benz of North America , Inc. 
Ogilvy & Mather , Inc 

Microsystems International ltd. 
Media Advert1s1ng Ltd . 

# Miller Stephenson Chemical Co., Inc. 
A. B. W. Toft and Co. 

MOS Technology, Inc. 
Henry S. Goodsett Adven1s1ng , Inc. 

Mostek Corporation 

124 

97 

50 
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PB-tS 

129 

PB-7 

108 
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2nd Cover 

30 
Continental Communicat1ons Incorporated 

Motorola Semiconductor Products, Inc. 
E. B. Lane & Associates, Inc . 

• National Semiconductor Corp. 
Ch1at1Day, Inc Adven1s1ng 

NJE Corp. 
Ophlode Adven1s1ng 

Nortec Electronics Corporation 
Paul Pease Advert1s1ng 

12-13 

24 

3rd cover 

North American Rockwell , 
Microelectronics Co. 104 
Campbell-Ewald Company 

North Atlantic Industries , Inc. 37 
Helme Associates, Inc. 

# Oscllloquartz SA, Neuchatel t2E 
M. R. Holer Werbeagentur BSRI EAAA Bern 

::: Philfa~ -~~~r~1~r~~~elaMar 4E 

# Philips N . V. Pil/T & M Division 24 
Marsteller International S. A. 

PROCOND S.p.A. 105 
OUADRAGONO 

Raytheon Semiconduc tor 38-39 
Durel Advert1SJng 

RCA Electronic Components 117 
Al Paul Lefton Company 

Rental Electronics, Inc. I 07. 1 t 0 
Technical , lndustnal & Scient1f1c Marketing . Inc 

RFL Industries g nstrumentation Div.) 130 
Josephson , ullan & Company 

# Rohde & Schwarz 3E 

Schauer Manufacturing Corp. 120 
Nolan , Keeler P. Stites 

W. A. Sheaffer Pen Company, 
A Textron Company PB-7 
Sperry Bomm. Inc 

Sheraton-Boston Hotel PB-tO 
Needham & Grohmann, Inc. 

Sheraton-Park Hotel & Motor Inn PB-12 
Needham & Grohmann , Inc. 

S inger Company, Kearfoot Div. 11 2 
Gaynor & Ducas. Inc . 

Solitron Devices , Inc ., 
Transistor Division 93 
Haselm1re Pearson Advertising , Inc . 

Sonoco Products Company PB-3 
Cargill. Wilson & Acree , Inc . 

• Sorensen Operation Raytheon Company 23 
Provand1e Eastwood & Lombardi , Inc 

Sprague Electric Company 8 
Harry P Bridge Company 

• Systron Donner Concord Instruments 99 
Bonfield Associates 

•Teledyne Philbrick 83 
Ingalls Associates . Inc . Advert1smg 

Thomas & Betts Company D-1 
McCarthy . Scelba , DeBias1 
Adven1s1ng Agency , Inc . 

• TRW , Electronic Components Division IOI 
The Bowes Company 

Unicom Systems , Inc. PB-13 
Stanbro , Smallwood & Drummond Advertising . Inc 

• Unitrode Corporation 
Impact Advertising 

35 

USCC / CENTRALAB (Division 
of Globe Union) 121. 123 
Brown Clark Elkus & Moses , Inc . 

• Wang Laboratories, Inc. 
WLI Associates Advertising 

# Wayne Kerr Co. Ltd. 
Dennis & Garland ltd 

Westinghouse Semiconducto r 
Ketchum. Macleod & Grove. Inc . 

Woven Electronics 
Prentiss Court 

Classified & Employment Advertising 
F J Eberle, Manager 212-971-2557 

EQUIPMENT (Used or Surplus New) For Sale 
DoVilbiss Co . 
North Electric Co . 
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Radio Research Instruments Co . . 128 I_ 

• For more information on t:omplcte produc1 line ... el" ath t..:r­
ti~cml"nl in the latc :-. t Electronics Buyer" !> Guide 

.:; Advcrti">cr.., in Eh::c1ronics International 
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... for Dana's 5300 ... A five digit, premium quality, high per­
formance DVM . .. Take a look . . . You get a standard instrument 
featuring 5-DC Ranges (.1-1 OOOV) with 1 u V resolution ; .005% DC 
accuracy , complete auto-ranging ; 74 dB noise rejection at 60Hz ; 
analog output ; and 10,000 megohm input resistance. But that 's 
not all ... by usi ng field expandable plug-in options you can extend 
the capability of the 5300. Add 6 ranges of 4-terminal ohms with 
1m!1 resolution ; 4 ranges of AC (1-1000V) with 10nV resolution 
over a broad band from 30 Hz to 250 kHz; 5 ranges of bipolar 
4-wire DC / DC ratio ; isolated remote programming and BCD out­
put ; 100 readings per second (fully programmable) .. . There is 
much more to the 5300 than we can possibly tell you here . .. so 
let us show you . 

You have the budget and the decision , Dana has the Digital 
Voltmeters. 

DIGITAL VOLTMETERS 

Dana Laboratories, Inc. 
2401 Campus Drive, Irvine 
California 92664 (714) 833-1234 

When Test and Measurement Count 

Circle 141 on reader service card 03 



Slide 
Actuated 
P Ots ~~::~r~l:~ltr~!~~s a 

ated potent1omet 
combines infinite resolution with long Ii 
- and at low cost. The series 200 desi 
features "touch-~tivity," enabling the 
operator to feel the action disturb­
ing the smoothness of motion. 
used widely in audio control consoles 
the recording and broadcast industries, 
commercial sound systems and (with 

· SCRs) as "dimmers" in lighting conlrot . . 
Key features include: single or dual resist-
ance elements, Ii near or 1

1 
audio tapers, standard tap 1 

positions, all-metal housing. 
Write for new free catalog! 

DUNCAN ELECTRONICS 
SUSSIOIARV 

SVSTRON DONNER 

04 

2865 FAIRVIEW ROAD 0 COSTA MESA, CALIFORNIA 92626 
PHONE: !7141 545-8261 O TWX 910-595-1128 

Circle 142 on reader service card 

A CAMBION® Double "QQ" Product Line 
When your design calls for handles, standoffs, solder termi­
nals, spacers, insulated terminals, battery holders, and basic 
hardware, it's nice to know there's a source that believes in 
quality - CAMBION. And it's also nice to know· that you can get 
CAMBION quality in quantity. That's the CAMBION Double "Q" 
approach. 
CAMBION puts tile extra finish on handles, precise plating on 
significant surfaces of terminals, and long-life in plugs and 
jacks for almost infinite cycling. The quality stands up as the 
quantity goes on. All CAMBION hardware items are available 
"off-the-shelf." 
Try the CAMBION Double "Q" approach. Tell us of your needs 
and we'll supply a jumbo catalog, No. 747, full of answers. 
Cambridge Thermionic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 
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