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CR'S NOISE 
DOSIMETER 

-

EARNS loR 100 AWARD dtS'ln 1944 Mart in If. Basch, electrical dts'gn, 
C. )trlStrl. mlllChnrCIJI dtflgrt, arid Palll d'';;ntrtmant, 'nd .. u......, dt"lrI . 

•• 7:1 W INN." 

C,Ie4 II)' , .... u.t ... , ....... c" , .. c. 
for ..... . IOpl .. g ..... of th . 100 mo.t 

.I,,,,,'c.n. '.c""'c.' procluct. 0111'1 . )' •• ' 

""" 1944 
.... olS~ExpoSllU 
MOrl'to' 

Tht 1944 
Nors~E1(poSll't 

trldrc,I/O' 

Dr. Donald B. Sinclair, Prtfldent of Gen"al RaJitJ, wbo acttptllld a plllqlle communoram'g 
tb. Jtlutoon, dUCIIIStS tin 1944 dtngn with WalTen K .. ndtrt, Prodllci I:;'nl".tt"ng Manag. ,. 

GR's Typ'" 1944 Noise: Dosim ... t ... r 
was recently nanl ... d one of 1972's most 
significant new tech nical products by 
Industrial Rc:sc:arch, Inc., in their tenth 
annual loR 100 competition. 

The 1944, consisting of a Noise­
Exposure Monitor and a companion 
Indicator (see GR/TODA Y, Summer, 
1972), was de\·elop ... d as a ligh t weight, 
automatic Instrument to measur ... on-
the-Job ... mploy ...... noisc: ... xposur ... 10 
comptianc ... wi th th ... Occupational 
Safety and Health Act. 

WinnttSofthe 1972 lo R looeompe­
tit ion w("r(" s ... kct ... d by a panel of dis· 
IInguished sci ... ntists, including such 
familiar nam..-s as William P. Li."ar, Dr. 
Glt'nn T. Sl."aborg, and Dr. W ... rnher von 
Braun. Th ... awards presc:mation, at 
dlicago's Mus ... um of Scit'nc", and Indus· 
try, marked the climax of the nation­
wide obsc:rvanc ... of "National Industrial 
Rl."SClIch We ... k." Following th ... banqu("t, 
th ... 1944 and all th ... other I'R 100 
sekctions wt'r ... plact'd on display at th ... 
Museum. 

CnfrOOR" 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



PRECISION 
RESISTOR 

TRIMMING 
ABRASIVES, LASERS, 

AND ANODIZERS 

MinIaturization of electronIc equIp"" 
ment, for both commercial and induS'­
trial purpoRS. 1$ not a novel idc<II. I':"'('t 
since EdIson's first incandescenl bulb. 
the cry has been, "Make it smaller, 
lighter, and cheaper." Today all theS(' 
criteria arc being met with hybrid 
circullS, and the hybrids themselves 
arc ~coming morc preciS(' (and mass 
produced) through the usc of a vanety 
of systC'ms that quickly and economi­
cally adjust component values. 

II),brid circuus:arc mort' \lCfS<ltlic: 

than integrated circuits. Firs!, they 
~rnlLl the mixing of different device 
types In rhe same circuit - something 

you can't do with lC's (i.e., using NPN, 
PNP, and MOS devices together). Second, 
custom Ie's. when required In low \'0\' 
ume, arc prohibitively expensive, whereu 
slnlliar \"olumes of hybrids can be eco­
nomlClI. 

Actually, the thick- and thm-film 
hybrids themselves may Incorporate 
lC's, In combinarion with other active 
scmiconduclOr devices on substrates. In 
rurn. nm only circuit wiring but resislOrs 
and, sometimes, cllpacitors and Inductors 
u well, arc batch-procC'5S('d on thC' sub­
strates. Thick films, of the ordC'r of 0.001: 
inch thick, arc usually made with an Ink 
or paste printed on the substrate. 111gh­
reslsllvlty inks form resiStors, high-con­
ducllvlt)' metal-bearing inks conductors, 
and insulating inks the dielectrics. Simi­
lar components in thin-film circuits. 
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only a few microinches thick, ll rc madC' 
by evaporating and sputtering techniques. 
Batch-processed components, however, 
often require adjustment to a spC'cific 
valuC' in high-performance cirCUits; this 
IS thC' hey operation in thC' successful 
manufacture of hybrid circuits. 

THICK·FILM TRIMMING 

The oldest method of component 
adjustmen t IS the mechanical alteration 
of the resistor's shape by an abrading 
or scribing method. 

On thick-film circuits. this is accom­
plished by alr-abrUlve trimming, in 
which fine particles arc arried by an 
alt stream through a fine nozzle to CUt 
away the reslSllve material. In a pro­
duction system, this mcthod is com­
bined with an automatic-positioning 
table and an automatic bridge to con­
tTol the flow of abrasive. Largc-scalc 
systems of this type, often trimming 
5(:veral rcsistors simultaneously, have 
been the backbone of the thick-film 
circuit-production facillt),. 

A ...... bnulW' t"",,,,rll, CIIlJ awol,. eJtuu ..... 'rru/. 
"dll/,tlIIK 'be ""$/0"" Wl/we by "lu""K tbe 
Jlxlpr of t~ compollrll'. 

More recently , the laser has been 
substituted for abrasive cutting, enabling 
a much finer CUt without the danger of 
damage to surrounding areas and with· 
out the general mess of an airborne 
llbrasive. o\tLcronetic S)'stcms, GR's 
associate 10 Burlington, Mass .. now 
manufactures the computer-controlled 
,\US 80A Laser Tnm System that trims 

thick- or thin-film aCl!\'e circuits or 
passive: resistor networks to 0.1 % accu' 
racy at ratcs up to 12,000 trims per 
hour. 

The MIS 80B Functional Trim Systcm 
goes slightly beyond the capability of 
the MIS BOA, trimming to such param­
eters as ac and dc voltage and current, 
resistance. or frequency. An automatic 
substtate handler Incorporates four 
n('Sts thai accommodate substrates up 
to three inches square (or other common 
circuit configurations). Computer con­
Irol and precise beam positioning (the 
beam ItSelf IS about 1 mil in diameter) 
provide straight-line, L-shaped. serpen­
tine, or combinations of straIght-line 
trim patterns. A unique edge-scc:king 
feature perm1ts accurate location of 
the trim, e:\'cn in the absence of accu­
tate' pnntmg regIstration on the sub­
strate. A step-and·re:pcat operation 
simplifies, speeds, and e/(pandsthe 
probmg capabilities for CirCU Its with 
repelltlve patterns. 

While the inItial laser-system invest­
mcnt IS much greater than that for an 
alr-abraS1ve system, the greater accu' 
raC)' m the control and speed of the 
cuUlng process tips the economic 
balance in favor of the la5(:r for any 
large automated system. The MIS 80 
s}'Stems can provide trims for a fcw 
tenths of a cent t'ach, or about half the 
COSt of an air-abrasive trim. 

uun sYJums c"" /rim /0 0.1" au",."cy I" 
s,roflgb'-/1",. p"tlrrns. 
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THIN-FILM TRIMMING 

for trtmmlng thin-film ntchr()me 
resistors, whcre the resistor width may 
be Icss {han one mil, the a,r-abraswe 
method IS generally tOO coarse and 
diamond saibing or Iase:r rrimming is 
often used_ Tantalum thin-film resis­
tors, however, can be adjusted by 
anodizarion. now the most widely used 
method for £rimming. {his matcrial. 

t\IfOJI~';C)l' (0"""1" lo"lflllim ""1510r mflltn.ltJ 

10" PMtUIrW .... "I.J""g emlrlng Wllb bighly 

pft!nSt! U'slfIor IIdJ"$'''''''U OJ tbi! ""d rtJu/, 

The anodizarion process. through 
l'kcrro-chemlcal act/on, converts tan­
tlllUm-reslslOr material to tantalum pem­
OXide. an excellent Insulator and::tn 
:almost ImpCT'\lious protectlve coating. 
In thIS technique. reSistors arc first 
co\·crcd with an electrolyte: men a 
current IS passcd from the resistor to an 
eleetrodc In me elcctrolyte until a mom­
toring bridge indicates that the resistor 
has bc('n adjusted to the deSIred valu('. 

At) pical GR 2240 Resistance Ano­
dlzc Tnm System COnsiSts of an dec­
rrolyre-applicauon station. a probmg 
nation thal can contact hundreds of 
rCSlstors simultaneously, multiple 
bridges to momtor the resistance vahle. 
multiple anodllers to adjust the resis­
tors, and a computer to oversec the 
entire rro~Ts~. The bridge-anodizer 
module for the anodizing system is ItSelf 

a unique devu:!: that reqlHres some 
descnpllOn. 

• 

Tb~ ~/ecfrolytl U lippiit'd tbro .. gb II '~mplill~ tblz , Itmll/,be sp~elld of tbe gd to tbe a"uJ.":.ong ore". 

THE BRIOGE-ANODIZER MODULE 

The bridge-2nodizer module was 
developed to trim thin-film resistors at 

optimum speeds; it contains a bndge 
capable of making a measurement dcci­
sian in less than [0 microseconds. To 
avoid high-speed mechanical switching. 
the module is connccted to the resistor 
to be trimmed at the start of the trim 
c}'de and remains connected through 
all measurement-anodize cycles unt,l 
rhe resLstor ,s at its final value. All 
anodizing IS accomplished dectroni­
cally, wimout rdays. With the hlgh­
speed bridge and electromc switching. 
the measurement-anodize cycle IS 
limited onl)" by the settling rime of the 
reSIstor material For low-value resIs­
tors, measurement ra tes of ovcr lOOper 
second arc used. AnodizIng typicaHy 
occurs for 80% of the cycle and settling 
ume occupies the remaining 20%. the 
measurement is made in the last 10 IJ.S 
of the senhng lim('. Ib the final resls­
[anel' value IS approached, th(' dut)" 
cycle changes to aHow additional time 
for settling. SpecIal CirCUits detect the 
adequacy of thiS additIonal senltn~ time 
and automatically Increase: the settling 
pomon of the eyck to ,I.ccomplish the 
desired mcasurement; thiS is partlcularl) 
(rUe for higher-valued resistors. 

A single bridge module is used In :t 

i>ench-top configuration to pro'vl<le a 
total anodizatlon capability In a small, 

inexpenSive package. In large S}·Stems, 
multiple modules arc uscd to adJUST 
man)' resistors simultan('ously. in a 
s)"stem that adjUSts 45,0 rCSlStors on a 
~ubstr:!.le. 30 modules trim 30 resistors 
Simultaneously, with a crossbar sv.ltch 
scannmg these modules through 15 
pOSitions. Fur l'lb adjustment aCl'uraq. 
I)"picall)' ahout 45 seconds are required 
II) mm all 450 resIstors. averdgtng 10 
reSIStors per second. For 0.1% accuracy. 
speed IS greater than three resIstors per 
second with a system accurac} of 0.05". 
The ~ame baSIC bnJgc·anodiur module 
!.:an be ext!.:nded from a one-at-d-tlme 
tTim system to a large-scale manual 
srHem With a capant) or up to 250,000 
resistors per da}. 

Anodil.ed or laser-trimmed clTcuits 
arc rtndtn~ thclr way IIlto man~· proJucts 
where the sm:aller size, impro\ed per­
formance, and greater reliability brought 
about by the us!.: of hybrid CirCUIts arc 
signIficant. (Onesucn case IsGK's 1933 
PreCISIon Sound-Level Meter and J\n1-
tyler describcd In the prevIous l~ue 01 
CRfTODAY.) To make thest· circult~ 
competltin~ with convcntional ctched 
CirCUits, large-scalc systcm~ have bcen 
dele!'lpcti to trim reSIstors In largc 
quanlltles at a rapid pac('. Tbcs("' sys­
tems arc already producing circuits WIth 
preclsmn-adJusted components at less 
cost than could be aclue\"cd through the 
cun~t'ntlonal assembly 01 urbon rt-sis­
tors and OIher dIscrete rompant'nu. 

CR/TnOH" 
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MICRONETIC'S LASER-TRIM SYSTEMS 
TO AID IN TELEPHONE 

TONE-GENERATOR PRODUCTION 

. \ 

,-

lQ;J 
-.. _'" -, . ... " .. , , .. 

Mu:rollet.c's Modrl so L..oun-T,., ... SysU' .... blt"'1 uud.1I ItiepboPlII lOltr-gmnutor prodl'ctlo .. , 

Microsystcms International Limited 
of Onawa, canada has purchased two 
L...a.ser-Trimmtng Systems from Micro­
nctic Systems, Inc., a GR associate in 
Burlington, Mass. The systems will be 
applied [0 the production of Mlcro­
system's ME890(kcrics of multi-frc­
qucncy micr~kcuomc tone generators. 

The Microsystems circuits are uS('d 
to produce the dual-tone dialing signals 
already becoming familiar to telephone 
users throughout North America. The 
tone generators arc also compatible 
with similar systems uS('d in other parts 
of the globe: this world-wide dIstribu­
tion will be aided by the Laser-Trim 
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Systems's OUtput and increased manu' 
facturing efficiency. 

The first of the Micronctic auto­
matic, computer-controlled sySlcms 
trims thin-film r~islOrs to preclSC 
vaiuts, while the second is a functiona l 
system capable of adjust ing complete 
circuits (or specific operating param­
cters (i.e .• Ie or de voltage. resistance, 
or frequency), Both systems arc pro­
vided with a complete software package 
that features the easy-to-Iearn and easy­
m-use Resistor-Trimming Language_ 

Additional information on produc­
tion laser-trimming systems and the 
Resistor-Trimming Language is avail­
able from General Radio. 

T/D EXPANDS 
PRODUCT­

DEVELOPMENT 
STAFF 

Ago Kis,s (I) ""d ThIry S'o~r tum up "g"i" 
for TID's srg""I1"o(f!ni"g SYSU"II. 

A new team IS guiding product develop­
ment at Time/Dati. Corporation, GR's 
wcst-eoast subsidiary that manufactures 
digital signal-analysis systems. President 
Leo J. Chamberlain announced that 
Tracy S. Storer has recemly joined TID 
as Vice President of Product Develop­
mem and that Ago Kiss has joined the 
product-developmem staff. 

Mr. Storer is responsible for engi­
neering and software development pro­
grams; he previously managed product 
development for nuclear and digital 
signal-analysis systems and electronic 
counters for the Computer Division of 
Hewlett-Packard. 

Mr. Kiss, a native of Hungary, is assist­
ing Mr. Storer In the planning and design 
of advanced digital signal-processing sys­
tems for such applications as vibration 
te5[ing, product noise conuol and reduc­
tion, and underwater acoustical studies. 
Mr. Kiss formerly developed signal-pro­
cessing products, also for lIewlett-Packard. 
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Tb~ lopogrupb'(1l1 ,t""j,ly oftbe 1666 bridge: '1 ImJ "2'" 'btl 
KI'/",,, errelll' (lre It!ntls/rIlJ ~t!f1Sf""US corrtfspondmg /0 ,bUn! 
(O .. JllctllllCl'I 81 ""d 82 ,,,,be \l'bn/twII" (.rCIiIt. 

\ 10\1\: PRIClI) BRII)G WITH BOTH WH~ \1510"1 CIRCUITS 
The inlroduction of a new manual 

resistance bridge may seem an anachro­
nism when you consider thl! trend loward 
a\.llOmatic measurementS and the \Ian-

ery of manual bndges alrcldy availabk. 
You'll find. however, that the choice of 
preclsc, wide-range Instrumc:ntl is much 
more limHcd than you may think. 

Mo(eo\'cr. the ponability, pnce, and 
preCISIon of a sma.ll manual bridge still 

nuke it atITactlVe for those' on-thc-spot 
resistance measurements that :arc so 
often r ... qutrcd. 

With d$emial ctitt-rla In mind, GR 
engineers thQroughly searched the 
general-purpose bridge market. Satisfy­
ing these requirements, they discovered, 
almos1 seemed to necessitate the pur­
chase of several specialized Instrumcnts. 

Th 

• Rlim The bridge must hJ.ve ex­
trcmcJ)' WIde range. Most cxistlng 
bridges, however, were ell her four­
termln:al KelVin bridges limited to low 
resIstances or, for hIgher values, Whe:u­
stone bridges that produce serious 
measurement errors even well.bove 
one ohm. 

• Oirect·Read,ng Ae~ 'H.,e. Most 
small, porable bridges have 0.1' 
basiC accuracy not good enough for 
the 0.1 'Jio resistors now In common use. 
What wc nceded was a 0.0)' bridge 
with precision componcms and a sensi· 
live detector. 

• High Resolution for ComparISon 
Measurements The bradge must com­
pare working resislance standards to 

6 

much bener than 0.01', which requIres 
high r~lutlon and extreme sensluvLly. 

• Ease of Calibration We must be 
able to calibrate the bridge without 
a soldering iton and without special 
parts . 

• Ease and Speed of Use Turning 
a row of knobs or wailing for a detec­
tor to rome back on1calc: after on:rload 
is annoying and frustraung to the uscr. 

Since no available: bridge existed w\lh 
even a majority of these requlrI:mcnts, 
GR undertook the development of the 
1666 DC Resistance Bridge. The s .. me 
research that uneovercd this 'hole' 10 the 
market also revealed that many poten· 
tial customers have Similar criteria for 
a manual bridge. 

Our first design conSideration for thc 
1666 was thc development of a slOglc 
Instrument With both a Wheatstone 
CIrcuit with a Wagner guard and a KelVin 
double bridge to accommodate the re­
quired measurement range. Both the 
resistanet"- and conductancc-measurln~ 
confagurations of these Circuits were re­
quired. The bridges would use the same 
basic parts - the diagram illustn.tes the 
duality of the circuits. Th~sc: would be 
connected to the unknown in a slightl~ 
different way. 

The critical pornon of this dual 
design is a ganged decade that adjUSts 
the extra Kelvin afm or the Wagncr 
guard as the main bridge ,ifill is balan.:ed, 
the ganged decade results in almo~{ auto­

matic Kclvin or Wagner balances. lIow­
ever, while thcs~ balanccs may bc ade· 
quue for most measurements, under 

e''l:treme conditions the balance WI)) not 
be uusfactory, even With perfect (rack­
mg. beeause of reSlstancc e:o:ter1lolJ (0 

the bndge. Therefore, we dcslgned the 
1666 wnh a "touch-up" balance to 
accommodate the most difficult 
me'uuremems. 

Our sccond deslgrtstep invoh·ed the 
realization that a 81\·cn detector is use­
I"ul for fe'Wer and fewer digItS as the' 
resIstance range is extended upward. 
Was 11 worth adding a Six-digit, I-Tn 
full-scale: range if it is only good for 
IOO",accuracy? A conducl3.nce bndge 
made' more sense, because a Six-digit, 
l-pU range also glvcs 100% at 1 TD: 

without the addillon of range rcsistors 
or ~w1tch positions. Besides, some 
people want to measure resistance and 
conductance. With the condunance 
bridge. Ihe 1666 measures both Rand 
G from 0.9 ohm to 1 1 MD:. This 
meant sc\·en ranges for each bridge, 
'Wllh the SIX Jigus extcndmg the total 
rangc from 1(1"6 to lOll n. 

The final and. perhaps, most Impor· 
tant step was to fmd an adequatel)· 
senSitive detector Circuit thu could be 
mcludc-d In the' 1666 without doublmg 
the pnce. Previous experience With thc 
1656 (a 0.1 '!b RLC bridge) directed us 
to ..... ard t·I·T moJuluors. Usmg the 
'·fT deSign, with a lot more ac gam, 
a lo ..... ·level sinusoidal rET dn\·e to 
al"Old spikes, and a highly sdecllve ac 
Jmpllfler (three high-Q filters cascad­
ed to reduce noise), we created a $CnSI­
IIVl', bUI low-cost, detector. While It 
nldY not get down to Johnson noise, 

t;RTfJORV 
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the detector isn't Car from it, and get­
[ing closer would only cause a sharp 
incre~ in price. 

This last point about cOSt vs per­
formance is the essence of the 1666's 

design philosophy. lIigh-precision, 
standards-laboratory resIstance-meas­

urement systems are expensi\'e because, 
as you approach the best possible sys­
tem, the cost rises sharply. 8y using 
standard , precision parts in our design, 
we've come up with a new kind of low­
cost, portable, manual bridge that 

won't requIre top-management purchase 
approval. 

The result: 
• Range The 1666. with both Kel­

Vin and guarded Wheatstone circuIts, 
measures resistance or conductance 

with an over-III range of 1 ~n to 1 pU 
(I Tn>. 

• Accuracy GR's precIsion wirc­
wound resistors in the bridges provide 
a basic 0.01 'Jb instrument accuracy. 

• Resolution A slx-digit readout 
enables comparisons to 2 ppm at decade 
alues of resistance. 

• Sensitivity The 1666 has suffi· 
cient sensHiviry to co\'er almost all of 
its total range WIth an Internal bridge 
supply that applies less than 0.01 watt 
to the unknown rUISlor (to avoid heat­

ing effects). A simple external supply 
will increase sensitivity for full resolu­
tion at any value. 

• Calibrat ion TrIm pOts in .. ach 
Tatio arm and in the bridge-standard 
arm make readjustment, to an accuracy 
evcn bettcr than 0.01%, a simple pro· 

(:edure when calibration IS performed 
with a sel of G R 1440 Standard Rcsls' 

toTS. 

• Ease of Use The adjustable de­
cades use lever sWllches that you'll learn 

to 'pia)' like a one-armed bandH.' The 
detector has three response characteris­
tics, all of which recover quickly from 

ovcrload. Moreover, thc detector de­
Ileetion always Indicatcs which way to 
adjust the Ie\'ers, no matter which bridge 
IS in use; thIS means that the sensitivity 

control need not be adjusted during 
balancc. Because of these features, 0.01 'lb 
measurcments can be made In less than 
10 scconds and I·ppm balances can be 
made In 20 scconds. 

Autumn. 1972 

ENTER THE MODULAR 
HIGH -PERFORMANCE SYNTHESIZER 

GR's frequency synthe~llCrs have 
always offered the broadest pO'>:>lblc 

capability -- many dcgrces of Tesulutlofl 

combined with differ~nt output·fre­
quency ranges - at prices that perml! 
you to get JUSt the synthesizer you 
n~~d without paying for eXl'C~\ and 
unwanted performancc. rhe nt·\\l-.;t 
synthesizer from GR, the 10(>1 gtlt'\ 
e\'en furthcr with this L'onl'Cpr IV 

starting with a very 'baSlc model JfI<.I 

then utilizing a moduLar appro l t 
~xp;md the Instrumem"s perl')TlIUI rc 
to your necd. 

Since man)' instrumcms ~T(" o..u~ 

used in automaric ~y~tC"ms that r~qlOlre 
Ilttl~ or no hunlln Intc~alc, Inc ;!.\'L 
1061 was ,je\'eloped lor JUM that 
purpose. It has a 160-\lIll ran ,10" 
kill resolution. non-harmollll ,pur-; 

more than 80 dB below the fund.mcn 
tal, l00-~s programming wne, IOU-Ill 
search capabilIty, anJ rcmntt· lonlrul 
Its most obvious featurt·, hown"l"r." 

It 'anc, or. rather, it~ lal'k 11 

.. ,,' . SlIllC m",nual controls h.l\c no 
unrtuln III automatic ~ .... stl·m~. wh~' 
nduJl' thcm (and why pay for them, 

1(0): ~h(lulll rou need them, though, 
a L'on\ ntHII al. manually l'lIl1(rnlkd 
lr, ''II rand IS nallablc 

{llh r IO(l1 options aHem the 
\Od~1 r hit-a Phase modulJuun. a 
lOI~ of t\\O refcn:ncc (I~(llIa",rs 
2 11'·"0 or 1 )( )(r·/J;!.~ \1.1 

r- Olnd n'~oluu::on JQ .... n 0 I kill 

100" I 0 Ill. 1 III )r n~a 0.1 I 

\11 I' 1 moJ I~. rel1fJl~ of t I 

t 5 \ se eet. p'crform Ilh b It 

n 6J-dB phase ~1f!"nal-[o-nOI5e r"'tlO 

I\er (l dB amplllu\ C ~ n n,no ",.tJuSl 
;I Ie np.u Ignal CH~ trom (l [, 20 
.tHn w SU I IllS anJ aux Ian ou 
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THE 
ELECTRET-
CONDENSER 
MICROPHONE 

A New Quality Microphone for Acoustical Measurements 
10...-_ 

The: principle: of the: dc:ctrc:t-<:ondc:n~r 
microphone: has bt-c:n with us for many 
years, Until recently . howc\icr, it was 
not applied to the dc ... dopmcnt of in­
strumcntation-quahty microphones due 
to ptrformancc-limlting technical prob­
lems. The solution to those problems 
\\<45 actively sought because thc dectret 
microphone was known to ha\it' inherent 
advantages 

• Excellent scnsltlvlty. wide dynamic 
range, smooth high-frequency response, 
and low sensitivity to shock and vibration. 

• Lower cost than fo r other types of 
condenser microphones. 

• A prcpolanzed dielectric prcvcnu 
intermittent operation caused by the 
breakdown of the polarizing voltage 
under high-humidity conditions; the 
microphones can bc used with a low­
cost preamplifier. 

The eross"'S(:ctlonal diagram reveals 
the construction of the electret micro­
phonc. The dIaphragm consists of a 
polymcr matcrial in which an electri­
cal charge is imbedded; the upper sur­
fa« of the diaphragm IS gold plated. 
Because the plated side is insulaleJ 
from the backplate by the polymer 
material, the entire diaphragm can 
rest on raIsed points on the backplate; 
this configuration greatly reduces the 
difficult precision assembly problems 

8 

associated wi th air-condenser micro­
phones. 

The electrical charge imbedded in 
the polymer eliminates the need for 
an external polarization voltage; hence, 
.... -'COIo(1t_ 
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the use of the low-cost preamplifier 
(i.e., one that docs not generate the 
polanzing voltage). 

The pnncipal pro~lems preventing 
the development of the electret were 
long·term stability and temperature 
coefficient. After much expenmenu­
tion with polymer matenals and polar· 
izing techniques, we have developed a 
line of stabie electret microphones 
with a small temperature coefficient. 
Now available arc I-inch and I+-i nch 
flat·pcrpendicula r- and fl at-random­

mcidence response versions and a IA­
lOch nat-perpcndicular-Incidcnce 
response modcl. 

I .A---
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TyplC<l1 rnpo.ut CIIIWS for G H's Typ~ 1962 t;·.."b Elec,rn-Condenser Mlcropbone$. 
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I 

OF A 
PLUG 

JUSt as narurt"s creatures adapt to 
an cvcr-cnanglng environment so, some­
flrncs, docs a special kind of product 
survive, through many decades, tht' va­
guies of thc rapidly advancing field of 
electronics. One such product IS GR's 
Type 274-M8 Insulated Double Plug, 
commonly t('(crud to in Industry as the­
"CR plug" or tht' banana plug. Although 
the 27-1 iuelf is hardly a newsworthy 
Item, despite its Wide usc for O\,er SO 
YC<IIrs, the num~r of Impro\cmcnu in­
corpor:w:d In the plug during Its lift'-
time IS. 

Wht'n\klvillc Eastham, GR's (ounder, 
inrroduccd thl." 274 in 1917, It was made 
of nickel Silver, brass, and hard rubber 
and h3d exposed SClSttC:W5. Perhaps the 

moSt important aspeCt of the originllJ 
mood is Ihc "'·inch spacing between 
the plugs, I dimension that was adop-
[cod long ago as an Industry standard 
for plugs of this f}pc (and for joIck-top 
binding posu with which the 274 mart'S), 

Frogs and lOads look alike bur are, 
In fae[, qUIte different; so. 100, are the 
original and ne~-eSI \'crsions of the 274 
still thc samc and }"et different, In 
1925 thc original nickel sih'er and hard 
rubber gne wa), to phosphor bronze 
and phenolic" In 1927 lOW-loss phe­
nolic was introduccd and beryllIum cop­
pt'r replaced phosphor bronze in 1930, 
Polystyrcne became, rn 1939, a pn.c[i­
cal substlfutt' for pht'no/rc, Mechanrcal 
improvcmt'nrs ha\'e rcduct'd shock 

hazard and Impro\'cd cablc'Strarn rt'iief; 
sockt'l SC'lSCft'ws ha\'e replact'd slottt'd 
screw'S to pre~'enr sphtting, 

Au tumn, 1972 

Mrer 55 years in uS(', the 274 IS 
nil! an Important link in leSt'\"quJpmt'nt 
.sct-ups, Ikspite conStant redt'Slgn to 
intToduce n('w mal('nals and m('ehamcal 

C H O I CE OF 

improvcments, the modern \'crsion cosu 
no mort' than did the 1926 version 
shown In thc accOmpanying cat.alog 
t'xc('rpt from that }"ear, 
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POTENTIAL 
$100,000 SAVI GS 
FROM A 
$600 INVESTMENT 

Gold LS where you find it or, in the 
case of pnnted circuiu. where you put 
it. In thc former case, enough is nc\"cr 
too much; 10 thC' lanct, too much can 
seriously affect cardully balanced 
profit ITIlIIrgins while (00 link will tn­

troduce functional defects in the plated 
device. 

Too much gold, 15 in the plating of 
pnnted-circuit boards, is usually shipped 
to the ('UllOmer as an unnecessary and 
upcnslvc bonus to him. (Undcrpianng 
can be r('plated to bring thc foil thick­
ness up to the specified mmimum .) In 
view of the price of gold in today's 
market, we carefully examined the en­
tire plating process with an eye toward 
solving the real problem, Ovcrplaung. 

A tYPical gold-plating operation 
takes ten minutes. At the end of the 

cycle an alum notifies the operator 
to move his racks. Since the operator 
cannot always rnct Lmmediatt'ly to 
the alarm - he may bt: In the mLddle 
of loading thc nickel tank or transfer­
ring boards at a rinsc stauon - he can 
easily, albeit Unintentionally. caUK a 
one-minute overplatc This one-min· 
ute overplue. In a tcn'mlnute process, 
translates to IO'J& of cxcess gold usage 
which. In [Urn. means many lost dol· 
ns cach rear, A largc printed-clreuit 
Job shop or eaptl\'e facility will UK 
more than 20,000 ounces of gold per 
year; if IO'J& of the gold is needlessly 
shipped, then In excess of 5100,000 
goes OUt the door with no chance for 
n::covery. Excessi\·c though it may 
be, this loss is considcred normal for 
a manual plating facility. (Don't 
forget, tOO, that the $100,000 figure 
docs not Include a factor for thc 
addLtlOnal drag-out loss causcd by in­
complete draining O\·er the gold tank.) 

In toda)"s technology, the wa}' to 
sa\"e any or all of the exce55 gold. at 
first thought, IS automation In the 

10 

• ... 
• 

• 
~fI ~~I'U> of GR's "nil ,o/d-p/atlllg $~t-up. 

pluing process. Total automation. 
howe\'t'f, may be prohibLtlVely expen­
Sive, is not always adaptable to existing 
equipment and, perhaps, isn't really 
nec~ary. At General Radio's Bolton, 
Massachuscus plant. a new printed-circuit 
manufacruring facility IS under construc­
tion. In the plulng area of tl'llS facility 
arc mckt'l and gold tab-plallng units 
typical of thosc uscd throughout indus­
try. Born deposition tanks ha\'e been 
additionally equ ipped with constant­
current power supplies at each of their 
five bays. Also. the gold tank now in­
cludes a resct digital amp-minute meter 
and a function sdeetor to reduce the 
current to a few rnA at the end of a 
timed plating cycle. ThiS gold·tank 
equipment, with the additions, should 
reduce overplate by at least half an 
order of magnitude. 

Adding a trigger mechanism to lift the 
work from the tank at the end of the 
cyclt' was considered nt'xl, The first such 
trigger mechanism proposcd was a me­
chanical arrangement that would. when 
activated by a timeT, move the cathode 
bars down two inches to Immersc the 
boards at the start of the cycle and to lift 
[hem OUt of the solution at tht' end. The 
drawback to [his method was the under-

[he·tank 10caiion of [he motors, cams, 
and linkage required at each bay; in 
this position. all pans would be dLffu:ult 
10 service and, worse, would be subject 
to corrOSIOn from chemical spillage 
and fumes, A pneumuic system was 
clearly a superior power source. 

A workmg bench model was built. 
uSing 1\'0'0 air cylinders. one solenOid, a 
fe" fittings, and some plasuc tubing at 
each bay. Tests run during the construe· 
tion of the system indicated some final 
modLficatlons: A speed control on the 
solenoid exhaust POrt and somc minor 
changes to Ihe flltLngs. \\'uh the proper 
pneumatic lifting mechanism beneath 
each bay, the model system bt:came 
operational. 

How the System Works 

Tht' general plating conditions arc 
sct at the beginning of the work shift. 
The power supplies art', at that umt'. 
rurned on Olnd tht'reafter arc adjusted 
only for requLred current changes. (Note 
that sclecung the correct time and cur­
rent density not only reduccs o\"t'rplalt' 
bUI also eliminates any possible prob­
lem wuh underplate.) The input aLr 
pressure is st't to regulate the spt'ed of 
the piSton downstroke and the rewrn 
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velocity is 5(: t by an ~xhaust-sp«d con­
u ol on th~ solenoid. Plating racks, 
tks ign~d by New England Plastic Coat~d 

oducts, Inc., of Attl~boro, Mass. for 
U5(: with the liftmg m~chamsm$, ar~ 

load~d and processed through th~ nickel­
d~position and activation cycles. At 
th~ s trik~ bay of th~ gold-plating module, 
a rack is plac~d on the vertical cathod~ 
bars and a prcsct timer is ac tivat~d. 

Th~ tim~r ~n~rgizes a solenoid that 
retracts the alr-<:yl ind~r pistons, and th~ 

work is lower~d into th~ strik~ tank. When 
the timer cycles out, the solenoid is de­
energized, and spnngs in t he air eylinders 
return the pistons to their normally 
extended position, lifting the work 
from the solution. The rack is then 
manually placed on the cathode bars 
of the adjacent gold-plating bay, and 
the timer at that bay IS activated, al­
though with a diff~rent Immersion 
time. 

These steps arc repeated until all 
the plating bays are in U5(: . As the 
timer at each bay cycles out, the work 
is automatically lifted from the tank to 
await furthe r proc~ing. The extended 
{rain tiffi(" over the tank greatly reduces 

gold drag-out. 

CHAMBERLAIN 
EARNS 

TOP TECHNICAL-
PAPER AWARD 
Leo J. Chamberlain, President of 

Tiffi("!Data Corporation, has been 
awarded the first LEtronix Vibraphonic 
Award for his paper, A Simple Discussion 
of Time-Series Analysis, The award was 
established by LEtronix, a manufacturer's 
engin~~ring rep~nutive In the Phila­
delphia area, to recognize and encourage 
the publication of practical papers in the 
field of sound and vibration. 

The winning paper was Judged the 
~t of those published in Sound and Vi­

bration magazine during 1971. Selec­
tion was made by a special commutce 
appointed by the Delaware Valley Chap­
ter of the Acoustical Society of America. 

Autumn, 1972 

-
Tb" lI"dtffSW" of tb" soldl'ultr"S modul", sbow".S ,b" ,,,,"co,,,,Ulio,,s 
compo"",,u; "0'" Ib" "x lr"d"d A"d cO,,'Ncud p,sto"s. 

Coot 
No syst~m is without Its price tag 

but, when a 5(:v~n-bay plating system can 
be automated for less than 5600 (com­
pared to the fo ur- or five-figure COSt of 
eonventional automatic systems), the 
return on im'estment assumes very anrac­
rive proportions. In devdoping this kind 
of system, inexpensi\<e as it IS, remember 

that the entire process is onl), as repeat­
able as the tim~rs and only as depcondabie 
as the air supply; get the best - don't 
attempt to 51\'e a fcow more pennies on 
thcsc itcms. A properly operating semi' 
automatic srStcorn will no doubt find 
use with man)' precious metals in any 
situation ..... here the process of 5(:iee' 
tI\'e automation is applicable. 

V,brapbo"ic A",,"d 10 L~o J ClnImb"/;m, l or fbI' b~J/ fl"pn p"btosbl!d.,. Sound and 
Vibr:uion m;ls.nr"r dNn",'971 

The commiucc, whose members are 
drawn from both industry and educa­
tion, considered four factors in evaluat­
ing the contending papers: Originality, 
technical quality, usefulness to working 
engineers, and over-all impact of the 
paper. 

An engraved plaque commemorating 
the award was pre5(:nted to Mr. Chamber­
lain in Buffalo, N. Y. du ring the April, 
1972 meeting of [he ASA's Technical 
Committee on Noise. 

To secure a copy of the award-winning 
paper, refer to the enclosed reply card. 
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COMPLETE 75-0HM COAXIAL 
COMPONENT LINES NOW READY 

Fa mily portrait. A col/Ut;OPl of many of tb" PI"" 75-n coaxial components [tom GR. 

The time for compkte metamor­
phosis seems to have finally arrived fo r 
transmission lines. Withi n the commun­
ications, telephone, and CATV indus­

tries, the characteristic-impedance 
norm is now 7S n, not the old familiar 

50 Q: Broad lines of general-purpose 
and precision coaxial elements with the 
75-n characteristic arc availabk from C It. 

Any engi neer who specifies coaxial 

connectors is familia r with the GR8 74® 
general-purpose and GR90o® precision 

FffGIONAL SALESANDSfRVIC[ FACILlTlfS ___________ ~ 

lASTERN AEQIO"'''l CENTER. 3!10 M'dland ..... e Sadale EI,,,,,!,, NJ 0711112 . To' IN~ "" ., d'l9Cl 'n 
C(NTR'-'L REGIONAL CEHTER • 1IUQ WftSt Fos!e, Ave C~lc.ga IL S06S6 . Tol 3'1'>92 '* 
SOU TtlERN R!QIONU CEHTER' P.O. 80. 220!;, l1f2(lR<>c~vHl~ PI~~, Ronv"'~ W);>08.~ • 81 118 
WES TERN AEGIONAL CENTER' 173111 A'mslton~ ""8 .. !Mn. InOuSlt •• , Compln. Sonl.1 .... '.4 A 

coaxial components; today he can have 

the same hermaphroditic construction, 
measu rement repeatabili ty and economy 
at 75 n that he's always had at 50 n. 

The general.purpose GR874 75-S1 
line includes connectors, adaplOrs, pads, 
attenuators, air lines, and terminations 

To ach iev~ the 75·n characteris t ic. a 
new inner conducror and insulating 
bead arc used; the typical basic GR874 

75-n con nector has an SWR below 
1.00 5 at the low end, increasing to still 
less than 1.01 5 at 2 GHz. Although 
specified fo r use f rom dc to 2 Gil?, 

tests indicate excellent performance of 
the GR874 75-U line at even higher 
frequencies. 

The preciSion GR900 75-Q compo­

nents have also been altered internally 
to bring them to the 75-S1 standard. 
The basic GR900 75-n connector has. 
like its GR874 counterpart, a very low 
SWR specification: 1.00 15 + O.OOlSfc Hl; 
SWR repeatability is f'0 .06%. 

Complete specifications on all the 

new 75-S1 components can be obtained 
from any G R office or by using the en­
closed reply card. 
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General Radio 300 BAKER AVENUE, CONCORD. MASSACHUSETTS 01742 

Do we ha~e your correcl name and addrllss ­
name. company or organization, department, 
Slraet or P.O. bol< , city. state, and zip code7 1f 
not, please clip the address label on th is issue 
and return it to us with corrections. 
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