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PREFACE. 

This paper is intended to serv• ea a guide for engineer, 

new in the field ot packaging .electronic equ.tpme11,t,. The 

author has tried to a~sam.ble under one cover enough.material 

for the now engineer to get a start in the involved job of 

designing ana pa ckagi.ng new comps ct electronic equipment• 

Several acJicnowledgm.ents are ce1,.tainly in order,. I 

would like to acknowledge the assistance given by li.orman Hug. 

D::nre Coryell, Gordon 0 1:Riley an.a \T. Whitney of Douglas Air• 

craft Co., Tulsa Division.. These men helped 1n locating the 

latest i.nforma tion describing t;he problems involved and tbe 

methods of solving theee problems of new and mor~e reliable 

packaging. 

In preparing this paper the a cltnowledgment of Dr" H. 

Jones, Oklahoma State University, Electrical &,ng1nee:r:ing 

Department,, ie certainly necessary. Dr. ,Tones has been my 

adviser through out the p:r•eparation of' this manuscript and 

has given numerous helpful suggestions. 
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CHAPTER I 

INTRODUCTION 

The development of the tran istor by the Bell Telephone 

Laboratories in the 1940 ' s help to un erstand the physical 

working of the Eemiconductor material. This paved the way 

for posEibility of miniturizing electronic equipment . 

Discussion of some of the problem and methods of re

ducing the size and weight of electronic components and cir

cuits, that have b en developed by industry will be the 

major task of the later chapters. There will also be an 

attempt to look at the pos ibility of subminiaturized sys

tems, using methods being worked ou t by several top res earch 

companies of the United States . 

Miniaturizing electronic equipment is no t jut a matter 

of making system maller . As a device is made sma ller , 

acces~ibility gos down and rejection rate, operating tem-

p ratur e and cost generally go up . With signal circuits 

minia turlz d , there till remains a problem of p ower hand • 

ling equipmen t . 

Definition 

Any discussion of tbe tecbniques known as "printed cir

cuits" or "printed wiring" begins with a defini tion of these 

1 
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terms . 11 Printed wiring" ref er to the UE e of E olid me ta lli c 

conductors bond ed to an insul tin baEe material . "Printed 

circuit .. n use printed '1.viring p l us comp on ents su ch as induc

tors, capacitors or re~istors mad e by similar techniques . 

The t wo terms "printed ci rcuits n and " ryrinted wir ing" 

are used interchangeably and not always in their true ense . 

Histor y 

Printed wiring makers Etill deba t e about t e date of the 

fi r st printed wiring . Many ideas similar to present - day 

printed wiring ar found in early U. S. patents . Some dat 

ing back to t he latter part of the 19th century . 

The first may however· , be a Br•itish patent gra ted April 

28 , 1927 to a Frenchman named Cesar Pa rolini . This pa tent 

specifi cally spells out the ri ting and electroplating r ec

ess . The method consists nor an ebonite plate for radio 

outfits having an electrolytically deposited s ystem of con

nection . n 

Between this beginning and t.e l imited use during World 

War II , the art of printed wiring remained rela t ively unex

plored . It we not unti l about 1952 that printed circuits 

makes its greates t entry in o the electronics field. 

Industry ' s acceptance to the printed circuit i ea wa 

done without thought as to the diffi cu l ties that would be 

encountered . Therefore , the cost nd s ize savings that was 

anticipated often did not materialize . Standards needed to 

be set up to help achieve the de ired production technique . 





HAPTER II 

PRINT D WI RING BOA DS 

Much of the electronic equipment has been reduced in 

size and weight by the c of t he rinted wiring circuit 

board . Because pri ted wiring is so well o ap ted to me ch

anization it hes a very important place in the future of 

miniaturization in the electroni c industr y, for this reason 

t his chap ter will try and explain some of the deign philos 

ophy of making printed wiring boards . 

Consideration of many factors su ch as (1) required cur

rent, (2) number and types of required components, (3 ) tem

perature of operation, (4 ) use of the circuit, and (5) quan

tity of units needed, are studied and eva luated as t hey 

affect (1 ) conductor wi dth, thickness and spacing, ( 2 ) bole 

size, shap e and spacing , (3) c0mponent pl cement and lead 

dress, (4) circuit teminations and (5 ) materials and pro

duction means . 

Standardization 

To insure reliability and uniformi ty of product at the 

lowest possible cost , Arma Division of Amer i can Bosch Ar ma 

Corp ., Garden City , N. Y., e ~tablished a proj 0ct to Eet up 

design procurement and processing stand rds for printed 

4 
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wiring . 

Basic printed circuit deign ta ndards as es t ablisbed 

by this ~tudy are rhown in Table I . The established width 

of the conductors was bawed primarily on: fabricators tol-

erance; pin holes in the cop er foil; bond strength and cur-

rent .carrying capacity . 

TA BLE I 

BA IC DE.SIG T TA JDARDS 
SING ., . XY GLAJ S LAHI ATE , 

BOTH ' IDES 2- oz COt'P ·R 

Condu ctor Width- Inches 

Pad Diameter ... I.nches 
Hole Diam ter- Inches 

A fabricator's tolerances could reduce a given 0 . 032 

incb conductor width, tbus affecting reliability . 

For example: 

0 . 204 inch tol -rance when 4 times artwork is re uced, 

0 . 005 inch tol ranee from screening process , 

0 . 010 inch undercutting from etching . 

0.019 inch total tolerance 

0.032 inch detired conductor width 

Thus, this gives a po~Eible condu ctor wid th of 0 . 013 inches 

arter fabrications . 

Conductor ~pa cing is dependent upon voltage differ-

enc s. Table II is t he g i de used at Arma, nominal con-
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ductor pa cing i~ 1/16 inches . Where space i at a premium, 

a minimum of 3/64 of an inch ca n be used . Table III sows 

the bole diameter a s a function- of the boa r d thi ckness and 

wire size . Pigtail t ype component are mounted on the 

printed cir cuit board . To bold the com onents in place , t he 

lead are cl inched on the solder side of t h boa rd. 

_ABLE II 

MI H .U '-1 AC I NG OF DJAC 1 T C01.JDUC'110H 

POTE1TIAL DIFFh.R CE 
P ..,AK VOLTS MI NihUM 

0.000 

'11ABL ~ I I I 

PLA rJ,_D THRU ROLF DI JI. , TER 
VS BOA D TlICKNE~~ 

WIRE I ZE- INCHES PLA Th:D 'I'HRU HOLE 
DIAMb:'l~H- I NC HES 

Wire Si ze Plus 
0.01,5 

Psr Volts 

All the component leads should be ~tra i gh t f or a min

imum of 3/32 of an inch from the component body t o the point 

of bend . Bend r ' ii for th· various l ead diameterQ are &hown 

in rrable IV. 

Components are mounted to 0.100 inch rid interC\ection. 

Tb "'6 s tandards assur•e uniform design , and greater reli -
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ability at a lower tooling cost . 

I ABL ' IV 

BEND RADIUS VS LE.AD DI.nMETbR 

L1 AD WI 

Twice 'Min. 

Components should be mounted separa te ly. Where compo

nents are ti ed into a common lea d, e ar ate mounting holes 

should be u ed . If a component has to be replaced it will 

theref ore not be n cecsary to unsolder the other components . 

Component s bav be,n d veloped ~o f it th aip- sold r 

t e chniqu s used by many of t e manufacturers in making 

printed wiring boards . For example , tube socket have ter

minals tha t snap into oles in the board . Other new mini 

ature components that have been designed to meet printed 

wiring req uirement , include ; relay~, potentiometers, and 

variable capacitors. The new components improve reli 

ability end even helps to reduce the size and weight of the 

newest circuit • 

Table V shows some sugge sted desi n techniques to im

prove reliability . 

Design Methods 

After the circuit des ign has been comp l eted , it is 

inked on a good stable white stock with a flat black ink . 

It is necessary that all lines be sharp and clean for best 
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SUGGESTED GN F~U:E:.S 
11'0 IN.PROVE RJ1LIABILITY 

l. Use single-sided printe,.:) wiring bosrds instead of double 

sided. 

2. Use smallest possible board (6 inches square)~ 

3. Use 0.1 inch grid layout as standard. 

4, Use "free flowing" lines, rounded corners. 

5. Make conductors as short as possible. 

6. ep DC near edges. 

7. Holes f'or component leads should be spaced at least l} 

times the t ickness o:f' stock apart ~Jtnd from outside 

edges. 

8. Smslleist bole no smaller than 2/3 stock th.ickness. 

9. The minimum spacing betwee.n conductor lines, copper pads 

be no closer together then 0.032 inches. 

10. Boards 1/16 to 3/32 incbes thick should be supported at 

intervals no greater than 4 inches. Boards thicker than 

3/32 sball be supported at intervals of not more than 

5, . . :i.ncnes. 



9 

results . Drawings are made 2 or 3 times size to permit 

closer tolerances in t he fina l product; for an example , an 

error of 0. 048 inches in a large drawing will be 0 . 016 

inches after a three - t o- one redu c ion . In laying out the 

printe wir ing boards , the designer is fa ced with the d -

cision of whether to use a wingle - sided or double - sided cir

cuit board . The double- sided circuit board has the advan

~age over th single - sided board in size nd weight reduc

tion and it tends to decrease the warpa ge of the circuit 

board during fabri cati on . It has a disadvantage however , of 

adding complexity whi ch can be a source of nrealiability . 

Therefore , the single - ided printed circuit board is usual l y 

chosen over the double - ided boa r d . 

Board size must be determined . For optimum ease of 

handling in production , and t o fa ci l itate mounting roblems , 

it has been suggested a siz e of 6x6 i n ches as maximum. Over

all width and length of the board should coincide with the 

lines of the O. l inch grid pattern . 

Component should be oriented in both the horizontal 

and vertical planes . Where cross overs are neces ar y to 

achieve a c rtain component layout , wir t. ... may be used~. 

These wires should be t r eated a components . 

The printed wiring board conwi s t of a metal conduc t or 

pat t ern formed on a base of insul at i ng materia l in a spec

ific circuit configuration . In the most a cceptabl e method 

of producing such a board ( the substractive pr ocess ), the 

circuit is printed on a elect r i cal grade of plasti c l aminate 
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to which has been bonded d thin layer of copper foi l. After 

the replica of the circuit is printed on the co per foil, the 

unwanted metal is remov,d by a controlled etcbing proces~ , 

thu leaving the desired conductor pattern . 

Proper Care and Handling 

To insure proper reliability of rinted wiring , proper 

handling care of the board from the time it is prepa red 

until the final as r embly of th· circuit is very important . 

Manufacturers of laminates constantl y che ck ea ch step in 

t he production pro ce~ s . Thi, inures the fabri cator a ood 

quality uniform product . 

After incoming inspection by the printed wiring fabri 

cator, th copper - clad whet ar e often put in gtock . In 

exposed storage , the copper or solder pla ted copper will 

oxidize . Oily or acid atmos phere will cont1'.'ibute -to diffi 

culty in getting good solder joints. Therefore, the incom

ing stock Ehould be cleaned and then · laced in sealed pl as 

ti c bags for stora e. Once th board i s remov d from the 

bag it should go into produ ction immediately . One of the 

methods of cleeni g tbe board is to s crub wi t h p mice 

cl aner and a scrub brush . 

After etching, the acid coating must be comple tely re

moved . Alcohol, a ce tane or other eommerical cl eaners may be 

used to remove the a cid costing . About 90% of t he pri nted 

wiring problems can be blamed on poor cleaning . r roduction 

contamination results from the et ching bath and solder 



11 

fluxes. Handling contamination is the result of finge -

prints and duE: t-. 

A board that heE been stored in op en air or he been 

handled, ehould have the areas that are to be ~oldered bur-

niEhed . A suitable mat rial for burniAbing the boa rd is a 

"typewiter 11 era er of the pencil type. In very bad cases 

4/0 ste El wool can be used. Car must be used to insure 

that steel whiskers are not trapped und r eyelet., or fast-

enings on the boards . 

The following formula is suggested by Cleveland Metal 

Spe cialti es Co., for use in cleaning of the circuit board . 

8 oz Ammonia 

8 oz Mur phy 's Oil Soap 

1 oz Swift & Co . No. 900 Solar Detergent 

1 gallon water 
0 O 

Heat w~ter 140 F to 160 F, dissolve soap (stir slowly 

for minimum tuds). Add ammonia; solar detergent. 

Uee to ck solution at above temper atures in cleaning 

printed wiring . One gal lon will treat approximate ly 15 

square feet of two sided printed wiring material . 

After the circuit has been washed it should be allowed 

to st and in the heated Eolution for at least 20 seconds. A 

stiff brush hould be used to scrub both sides of tbe printed 

wiring board , rinsed in filtered tap water, and forced dry by 

air blast . 

Th€ board ~houl be handled by the edges at al l times 

during the rinsing and drying of the board . They must then 
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be dried on lint free bl ot ters . 

After sol dering t h€ cir cui t, the flux and other residue 

should be removed . To remove this residue the entire as~em

bly is placed in a shallow pan of uitable f l ux removers 

such as toluol, or liquid trichloroetbylene and allowed to 

soak . About 20 to 30 seconds shoul be allowed for often

ing and loosening the residues. The asEembl y then should be 

dried by a blast cf clean compres~ed air. 

After this cleaning of the finished assembly, the as em

bly then can be protected by a coat of varnish or plasti~ 

spray to prevent leakage and to render the areas humldity 

proof . 

All etched circuits should have a protective coating. 

Some of the oth r coatin ,s tba t have been sugge,. ted by 

Methods Manufacturing CoI•p., is as follows ; 

(a} Protecti~e laAuers, wax, or varni~h compounds t o 

prevent oxidation . 

(b) lux coating . This coating is a soldering aid . 

(c) Solder resist mask , this keep s solder off t he parts 

of the circuit that are not to be soldered . 

(d) Silver Flesh ie useful where excellent B} pe£ren ce 

at low cost is desired . 

(e) Ele ctrosilver p late used for switching and a pplica 

tions where good conductivi t y is important . 

Thee su gested fini hes are a few of the many sp e cial 

finishes that are being developed by printed wiring manu

facturers . 
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duction.ln size at low voltage. Tbese capacitors are ideal 

for transistor circuits. Mallory TAP capacitors tbat can 

rsture range from -55 to +85 d~grees centi-

grade use a sintered pellet anode. Dimeirrni.ons of these units 

are l lnch in length by 0.225 inches ln diameter .. 

Fixed Reeistor·s 

A re::ds tor th[~ t if2 i.n use by rn.any manufacturers is the 

"Little Devils" by Ohmite. r.rnese resistors 
., 

made fl.re .,. watt ':ii 

rating £md :.::ire av.fillable in values f'rom. t~7 Ohm thru 22 Meg

ohm. They are 0.09 inches in diameter by i inch long, 

Ohmite also manufacture e miniature resistor with a power 

r·s ting of 1/10 of a watt er1d are avai.lii!ble in values from 

10 ohm to 1 megohm. rrhese res;lstors are only ,;062 inches 

in diameter by .12 irtchee long. These little resistors ere 

ideal for transistor or other low voltage, small current 

applications. 

J)iodes 

In crystal diodes,' size hes been reduced to a little 

more than the thickness of the connection leads. Typical 

dimensions are 1/10 inches in diameter by about i of en inch 

long~ 

Photographs of some of; ttlese m.inia turized · components are 

shown in Fig. 1. 



FI GURE 1 

UNIATURIZED COMFONENTS· 

- - -
Ill '= • ' '•~ • . .. 
--= ----= 

,11\11111Jlllffl!il1jl\1111!11]·~~·,i ;:1r1;,t1TIJ'.llt tJ'lljlP!:1rr'l'.'lfl' 
.... t ... :~·;· ....... ·--· 

Top Row: Electrical Connector 

Second Row: Miniature Relays 

Third Row: Miniature Battery 

Fourth Row: Toggle Switch, Micro Switch 

Bottom Row: Transistors, Resistor, Potentiometer, 
Capacitor , Diode, Tubular Capacitor, 
Coaxial Cable, Choke Coil 
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Transformers 

Much hae been don to elp reduce the ize and weigh t 

of t he very eavy and bulky transformers . New insulating 

mat erialE, finer dr awn wires and more efficient et ee l fo r 

cores bave he l ped to make this redu ction po f:ib le . 

Teflon ta pe ha s been used y Go lin Cor • in reducing 

16 

a 42 , 000 volt transfor mer f rom 20 l bs . to 14 l bs . A smaller 

tra nsformer ma e by this company was reduc d from 11 to 2 l bs . 

'l'hi s r ef lon tape has a dielectric trength of 400 to 500 

volt w per mi l end a dielectri c con s tan t of 2 . Discipa t i on 

factor is 0.0002 . This ta p e is used f or interlaye r in·ula 

tion, wrapping of the coils and l ead wire s and as a ca se 

lining to house the tran&former . 

I n tra nsistor circuits t he low current , volta ge and im

peda n ce has mad e p ossible t his d sin of extreme l y small 

t r ansformers . Laminated core~ for th se transformers can be 

obta ined in core size of }x7/16 of an in ch . 

Pene l Components 

In mi niaturized equipment , pane l spa ce for illounting 

switche s , ~nd icators , ja cks, potent iomet r ad cont rols is 

limited . Space behind t he pane l s i e also l imited . Controls 

must be selected to per r,Ji t moun ti n~ in close proximity to 

one anotner, without tbe dange r of me chani cal or ele trical 

in t eract ion . 

A 12-position rotary switch is manufactured by R. F . 



El ectronics that re uirew only a spac of 3/4 of an inch 

square behind the panel . Up to six decks can be combined 

for a singl e- knob operation. 
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A wubminia ture pushbutton wwitch manufactured by Mi cro 

Switch Company . This switch, ISXI - T, bas dimension of .500 

i n che l ong by . 350 inches hei ght by a t hickness of . 200 

inches . It ele ctrica l ra t ing iw 7 amp at 28 vdc or 115/230 

vac 60 cycles 5 amps r esistive nd inductive . 

A ~ubminiature ja ck and p lug combination mo u e by Te l ex 

is about 1/3 of the s i ze of pr vious units . The miniature 

plug is i inch in diameter at its wides point , len th is 1 

3/16 inch including tip , 

Pane l meters designed for us e in miniatur ized equip

ment b Marion ~lectrical Instr ument Com any pr ovi<e a 

scale arc of more t han l ! i nches in a panel hol e of 1 35/64 

inches in diam ter. The me chanism is self-shielding and can 

be mounted on ei t her magnetic or non- magnetic panels without 

affe c ting calibration. 

Tunnel Di od es 

One of the newes t component to be developed i~ the 

t unne l diode . The de velopment of thiw diode was made pos 

sible through the work of Leo E aki in 1958 . The f i r st 

tunne l diode was manufa ctured by Genera l El e ctric Co . 

The tunnel diode should move a lot of enticing produ cts 

out of th Labs and into the a sembly lines. It will make 

pos sible th "Dick Tra cy" two way wriEt- wat ch radio . 
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The t unnel diode take its name f rom the p y ical phe

nomenon that make~ its operation po Eibl; "quantum- mechancial 

tunneling" which de cribes the manner in which the electri cal 

charge moves through the device~ This motion t ak s p l a ce at 

the cpe d of light compare d to the r e latively slow motion of 

t he el c t rical char e carrier in a t r anw i stor~ 

Tbis high speed mak -s it poEs ible f or tbe t unnel diode 

to operate at extremely high frequency . 0 cillation f r e -

quencies hi gher thon 200 me . have a lrea dy been ob t a ined . 

The tunnel diode i~ more than a thousand t im s as re -

sistant to nuclear radiation as the transis t or . It is 

smaller than the transistor ena will operat e at temperature~ 

from liquid h lium up to 650°F. Conventiona l silicon tr n 

sistor will not operate a bove 400° F . It require~ only one 

thousandth the power required by a transis t or . 

The tunnel di ode di f fers from a transistor in t ha t it 

has only one junction region . The j unction of a tunnel 

diode must be very thin, on the oraer of 150 Angstrom units . 

The F r mi l evel muqt be within the condu ction band on the 

n- type ide an within the va lence band on the p- type side . 

Hi ghly impuri y concentrations i very im 1ortant to achieve 

the necessary tunnel effect . This con centration should be 

gr eater than 5x10 '' per cubic centimeter for sili con and 
19 gr eater than 2xl0 per cubi c centim ter for germa nium. In 

the tunn e l diode t bis region is very mu ch thinner than in 

tranci~tors ~ This therefore , enabl es the el e ctrons , instead 

of s lowly dr ifti ng aero c the base r egion, to ap_ arently 
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"tunnel" the barrier if a ~light bias potentisl is applied •. 

Figure 2 (A) s bo1,,.;s the energy level of e riighly doped 

p-.n junction at :z.ero bias vol tege. No ti.ec there are some 

electrons irt the n-mfJ terial' conduction band that have the 

same amount; of ener''<! a~ some electrons 5.n the p-material 

valence band thus, a net current of zero. Figure 2 (B) 

shows tc.va :.:;arne p-n junction with a smcill positive bias 

applied. The junction barrier is decreased end n-materiel 

conduction electrons a·re si tua tea opposite the p.,.ma terial 

available states at the Eeme anerg1 level. There iE a net 

current flow from n top material. In Fig~re 2 (C) the bias 

is increased thus the junction berrier is further decreased 

snd the. n-ma terial conduction electrons a r·e opposite the fol"• 

bidden region of the P.-materlal. Since electrons csn not 

move i.nto this forbidden region the cur•rent will be decreased. 

The tunnel diode has the disadvantage of isolating tbe 

input circuit from the output circuit. This is true of all 

two terminal devices. But witb research ·in circuit design, 

this disedventege will certsinlt be overcome in a very Abort 

time. 
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GHA F'I':E.R IV 

APl'LICATI S 

One of tbe ortant tends in the miniaturization of 

microwave equipment bas been the development of "flatstrip" 

components bricated with printed circuit techniques. 

Special de:;,i considerations such as impedance match-

i power limitetion must be studied in order that the 

of microwave e~ulpment may be fully realized. 

Three types of printed circuit trenemiEEion lines ere 

ehown in Figo J. The Microstrip, View A, is a printed-wire 

View A 

View C 

f'Rl D GIHC 

a 
C r· r) 

...:::::b 

3 

2,SI LINES 

View B 

Support 

View D View E 
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t wo wire tran smiesion l ine . 

side of Teflon-fib r gl Es 
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Condu ctor "a" is printed on one 

bas • The other side of the 

di lectr ic board alwo haw a printed wire which acte as a con

du cting p la n e. The Mic ostrip has a r a t her bigh die lectric 

loss and r quires. s hi eld ing t o preven t r adia t ion los · • I t is 

very usefull wher e a high Q ls not req ui red or where a short 

r un of trs n smis~l on line i s n e~ a. The tri - plate , View B, 

wb· ch was developed by tne . ande r~ Associate s Co., can be 

conaidered t a e pr inted eq uivalent to a coa x ia l trans mi ei on 

line. A si ngl e conductor posi tioned betwe en tw o ground 

plans pr oduces a Tri - late transmission line. It eliminates 

t he radiation lea ka ge of micro - strip a nd i s mor e ri gid . Its 

die l ctric lo cs is how ver, ni ghe r t han the ~i cro - strip . The 

t hi r d l ine is the Stripline . This line deve lopme n t of the 

Ajrbor ne InstrumentE Laboratory, i s fo r med so t hat a flat con 

duc t or is centrally placed b t w e n two ground p l anes . The 

flot conduct or can be either a sol" d co~per strip or a die 

le c tric s heet wit h a printed onductor . View C shows the 

ground p l ane to be bounded to a die lectric shee t , and t he. 

flat c nter conductor i s Eupported by die lec t r i c beads . This 

str u cture ca n be comp ared to eqvivalen t - si ze coaxia l line. 

Tbe cen ter condu ·t or st r ip can be undercut at t he bead sup 

ports to provide a conEta nt character i stic imped nee. In pa rt 

D a dielectric sheet between t he two ground p l anes carries 

a single copp er condu ctor and the die l e ctric ~heet is sup

porte d by either metal or die l ectric p o~ts. The double clad 

line , pa rt ·, ha"' even lower los es becaus the electrlc 



fL .. ld exist from each stri cond .... ct:.cr to · ts orrecponding 

ground ~lone nd o 1, f r in ·ing fi eld E exist in the ielec-

tric "'h 6et . 

Energy i carried int e T8M mode of op•retion by al 

of t he e· f l • t .:trip tr ··nsmist i on l inet . Fig . 4 - ho·1 c. the 

E:v olution of t.1c f l at strip trsrismle sl on line . Tt1is is 

FI ·U ,E 4 
E vLUT IC OF' L T- S'IRI!' 'h,Ai\ ,j[f" I cH LllI. 

COA.X.IAL 
LH' 

HA .. EU I011 t L 
FHAfiF 

Ll!;C . UC p· ·' D 
1'iAC H. l' C '' 11.LD 

P.LA 1I1- t' ·T :II' 
LHE 

wbown by taking a r egul ar coaxi 1 line snd flat enin~ i t 

into th. flat - strip line . The inner cond uc t or of t he coax-

ia l line b·comes ci flat trip of finite thickne · s , whil the 

outer onductor it brok n into two semi•infinite groun -

pl ane . 

The electric field i entirely bounded by th flat 

outer conduc t ors in the r- gion of tho cuntsr~tr i p on is 

re l a ti rel. t...nifor m within th regi.on dil•e ctly between center 

strip and out r ground p l · tes. Te f ield exter al to thi· 

spaced caya v ry rapidl • Th refore, no electri cal f ie ld 



component exi..,ts later al to the center conductor.. Thus , 

sidewalls are unneces ~ary . 
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Many r-f ystems use both printed and other type ... of 

transmission lines, r quiring tran itionE between the dif 

ferent type,c: of' liries . .,,ig . 5 show~ two me thod<> of tran

sition. A pa rallel - plate line into a wave guide . The sand 

wich of meta l and dielectric is made wider as it extends 

into the waveguide until it fills the guide . A wedge ~haped 

section of polystyrene allowE ~r adu· l transfer of energy 

from the print a line to the guide so t ha t refle tion and 

a Ltenuation of the energy iE minimized . The transi tion 

between the stri and the coaxial cable is also s hown . Di

meneionc are shown in terms of the width of the strip - Tbe 

triangular end of the .. trip connects ir ctly to t ne center 

conductor of the coaxial cable . 

Antenna Miniaturization 

Becau~e of the rapid growth in electronic equipment 

pl a ced aboard our miesileL and aircra f t , t1e antenna de 

signer is b coming more an more confronted with designing 

antenna to fit in smal l er and ~maller spaces . 

The slot antenna has a plication in flush mount d y -

terns of miss iles and aircraft . Here reduction in size is 

v ry i mportan t. The r edu ction in size of the ~lot antenna 

system can b approached in two ways . First shortening the 

slot len th by loading and e cond ly reduction of th6 cross 

section or vol ume of t he tren mission line or cavity asco

ciate with the slot . 



FI GURE 5 

TRAl ..;JTION F OM P ... le Tl D LI NES 
TO CONVENTION AL LI NES 
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(A) Poly~trene Transition from Waveguide to Parallel 
Plate Line 

Ap ex of Edgef Coin
cides with Plane of 
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(B) Fifty- ohm Coaxial - to- Strip Transition 
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First consider the reduction in slot length. The 

simple slot is at resonance when it is physically one half 

wave length long. A method which haE been used to load the 

elot is to deform the slot to a dumbbell shape. This is 

shown in Fig. 6. The length "L" for a particular frequency 

is shortened as "a" the diameter of the end circles is short-

ened as "b" the gap distance is decreased. Folding may be 

F'IGURE 6 

DUMBBELL SHAPED SLOT 

accomplished by cutting a slot parallel to the driven slot 

end connecting them at the ends. Folding will normally 

decrease the radiation reEistence and can be used for match-

ing purposes. 

A slot antenna system may be reduced in size by de-

creasing the volume or cross section of the cavity asso-

cisted with this system. The cavity does not need to be 

resonant et the same frequency as the Elot, this does not 

therefore restrict the size of the cavity. The cavity does 

present a parallel reactance to that of the slot, the value 

of this reactance depends on the cavity dimensions. The re-

duction in the size of the cavity therefore, affects the res-

onant length of the slot. It bas been found that this 
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effect is n egligible if the cavit i about ),_ wave length 4 

deep . If the cavity depth is r edu c d to 1 I:: than tbis t he 

slot will be l oaded so as to increa~ i.t s res onant l ength . 

One n ew type of printe d circui t radiator that has b en 

develop e d recent l y , i s the "sa ndwich wire" antenna . This 

antenna le ada p table to print ed circui t te chniques and ca n 

be cons t r · cted as a f l a t or curved plate structure with 

l inear polarization for either ~encil beam or shaped ra di -

ation pattern. 

The stru c ture of the sandwi ch-wire antenna is ba si -

cally th e same as the s t rip l ine t r enemi s~ion l ine . Strip 

l ines a r - normally nonra d i ating but can be made to ra d i ate 

by simple change • If t he cent r conductor i s inclined so 

t ha t it is no longer parallel to the outer p la tes , en un-

balanced condition result s . Since its excita tion is pro-

gres ively phased , t he TM mode is not onstrained but pro-

pagetes in the g eneral direction of the length of the strip 

line. 

For t he TEM wave to pr opa gate broa dsid e to the center 

conductor of the strip line , the p ha e must be periodically 

reversed be tw en ra diating points on the strip. 

To obta i n this periodi c reversal the center conductor 

is b nt ro that the di rec t ion of its slop is r e~ularl y re -

ver::::ed. 

If th e center strip and ou ter la t es are compres ed to 

one - dimensional conductor the antenna can be made by use of 

print d wiring techniques. The two outer condu ctors are 



rallel to each ond are at ground po ntial, while the 

center conductor is bent into a sinusoidal form with a 

period equal to the wave l b. This type of e enna may 

prove to be extremely valuable in high eed aircraft and 

EEiles because of its wei t size. 
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GING 

Packaging is one of' the important; requirernents of the 

completed miniature circuit~ All of the engineering put 

into the laying out of the circuit board and choosing tbe 

right components can go for nothing, if the engi.n13:er do€s 

not think ebout the packaging of the equipment~ The engineer 

must know :i..f the circuit :is to of the throwaway type or 

one that can be repaired. If first type i~ used it can 

be potted or encap:n:ilc:i ted, while the second one must be 

packaged so that it cen be taken spert to allow the com• 

ponentE to be replaced without destroying the circuit wiring 

snd othE:r components. 

Encapsulation 

Small compact; ckaging m.ay also be done s tG:rting with 

a printed wiring board wi tb compo.nen ts s t;13 eked on t!1e board 

one above the other to form a thrbe dimensional unit thus, 

reducing the size e wtdght. lifter tL1e cir•cui t is complete 

the unit is often encapulated or pottsd. Thie method is 

very effective. to protect the electronic circults :from. the 

effects of vibratlo.n, humidity, and acceleration. fi1ig. 7 

showE s keying circuit that was designed end packaged bye 

29 
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FIGURE 7 

MINIATURIZ D PACKAGING KEYING CIRCUIT 
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leading aircraft company .. The co.mpleted package measures 

l}.xl 5/32x2t snd weighs about O.,lj.63 pounds •. Si.nee thiis 

padrnge is a throw away unlt, it wes found that eneapsulat ... 

ing in an. epoxy resin was an. ideal package. 

Potting Material . 

Materials are available trn encapsulste anything and 

t.he.y will operate in ambient tempera tUl."es from ... 60 degrees 

centrigrade to se bigb es 316 degrees eentrigrade. 

Epoxies resins can be.used very sucesafully for potting 

of the circuit~ They can be obtained cleaF, excellent idea 

for first prototype. Epoxies can also be produced in a:ny 

color thst is desired. Epoxy res.in weighs about 13 pounai 

per cubic toot. 

A new foam plastic is often uaed where weight is very 

important. Thi~ fo!lm we:i.gbs about .06 pound's per cubic 

toot. The toam plsatic should have a protective cover or 

fiber gla11 or plastic resin. 

Repairable Packaging 

Commerical i terns such as computers often have p1 .. inted 

wiring boards which plug into a main chassic so that the 

units can be made more flexible. These unlta are often 

packaged on slide out rackt that plug into the completed 

BSEH~:mble. One very important design problem, Ei$pecially in 

circuits that have a greet deal of power dissipation involved, 

is how to dissipate the heat. One very much used method is 



bv tbe use of heat sinks~ I] 

The p9wer dis6ipa e,omponents should be mounted 

directly on a piece me l or on the metal chmssic iteelf 

thus the at can be ca cried from the co.mponent more ea sil.y. 

A new technique tbst will give high density electronic 

packagin~ is often referred to as 3-D packaging. This tech-

nlque lnvol VEJf' mounting mina ture components side by side and 

forming the electrical connections one three-dimensional 

basis. The wires ere joined by electrical resistance spot 

welcling. After· the unlt is 1asrembly and electrically 

checked, the unit is encapsulated in epoxy potti compounds 

to form. a module. 



CIRC 

The component engineer dreams of the day when :all com• 

ponents will give continuotrn top pElrf'ormsnce ancl be com-

~letely reliable. ~he system engineer dreams of the day 

when there will be no compon.snts. 

While performance and reliability requirements for 

future electronic systems are mounting their weight and size 

allowables are shri.nking. •ro meet such conflicti.ng tpecs., 

radically ne~ design approaches are needed. 

There bas been strong efforts in research today to t 

rid o:f not only the con1ponents but also the cir•cmit. 1Tl1ese 

will be replaced, reseDrcbers hope, by- the u:H, of monoll thic 

blocks of materials each of whicb 1°forms a complete elec-

tr on5.. c function. 

This new science within a science is called Molecular 

Electronics, or f!Moletronics 11 • It is concerned with the 

arra.ngemen t of' the molecular e. t.r•ucture of .ma tte:t• so 8 s to 

give it the properties needed to control the flow of charged 

carriers and thus e ccom.;ol:t sh a desired res1..::i.lt. 

by semiconductor research. Nearly ell conductors and semi-

conductors of interest have crystal-line structure. 

33 



34 

Solid-state phywicists h ve found that by purposely 

introducing chemical i mpuriti sand etructural imperf ction 

into the la ttic, they can create mat ria l~ with certain 

electrical prop rties. Mo~t present research and deve lopment 

efforts aim at d velo~ing a et of r le s by which the elec

tric propertie~ of a m2terial can be correl at d with certain 

l attic structures . Once a firm scientific framework is 

laid down, the physici ts can pro eed with little resort to 

empiricism. 

The s stem engineer of the future will start at a new 

level of synthesis , sp clfying hi~ need only in terms of 

basic system functions and properly weighed obje ctives . Tbe 

moletronics design group select the basic materi a l and re

arrange its crystal l at ices to bring about t he defire os 

cillation, amplication, ~torage , delay , etc . 

Just to understand the wor{ing of moletronics , the 

en~ineer will have to forget t he - , L, and C concept and 

substitute the t heory of electron pin , fiel s, an energy 

exchange. 

Westinghou s6 under a ~·2 million Wright Air Development 

Center grant, ha s been able to grow thin, uniform ribbon of 

ger manium inctead of the round ingots . Westinghouse has 

already produced two circuits m de of thiw monolithic germa 

nium blocks: First a li ght telemetry amplifier that has a 

volume of .001 cu . inch sand u e 0 one part in place of 14 parts 

in the transistorized unit . These end circuit is a slightly 

larger pulse generator with a 10-100 kc puls e rate frequency 



and a pulse width of approximate one microsecond, 

'I'exas Instruments has developed similar circuits using 

such processes as controllcHS mtH3king, etching, and diffusion. 

T. I,, h&f:: already built a rnultivlbrs.tor and a phase sh:tft 

oscillator using solid-state circuit no bigge1"' than a match 

head. 



VII 

turizstio.n of elE;:ctronic equipment 

s rted l.n th0 United States in the 1f,te 1940's. "!'he e2:t•ly 

work was mostly done by tbe Na orrnl I3tn·eau of Sta s. 

In tbe 1950'& 11 Telepbone Laboratories advanced the art 

with the development of tbe transistor. cause of the 

transistor, the power dissipation and operating voltage 

could eccl :tn value, t.hus mak it possible to de-

vclope :::maller clrcuit co:mr,onents .. 

The development of print circuit printed wiring 

technique not only reduced tbe size end weight. of the unit 

but mecle :t t eible for the manufacturer to highly mech-

anlze the ma cturing cf their units. 

s used in 

almost all of -tbe prer,ent, or nea:t"' future, methods of com .... 

ct ckeging. For this reason this chnique is the me 

discussion of this paper, ae it applies to the engineering 

snd aevelopment of new and ligbter electronic equipment. 

The engineer, es he is confro~ted with the job of re-

ducing the size and weight of a certain piece of equipment, 

mi.1st con~,ic"ie;r• ttrn problems involved n.ot only in tbe circuit 

design itself but also the difficulties that may be faced in 
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the manufacturing of said equipment. 

It is therefore, the hope of this author that this paper 

may help the engineer by pointing out certain standards to 

keep in mind wh:i.le designing tbe miniature equipment neces-

sery in todays and tomorrows field of electronics. 

Inc:reaie demand bJ tkle inissile and aircraft industry 

for smaller end lighte~ units with greater reliability, 

started the Etudy mal:ring a complet;e unit t'I'om a piece of 

semi-conductor teriel, "moletronics". This is thought by 

many of the :::cientists and engineers to be the answer for the 

altimiate in stze weight of tbe equipi11ent that is asked 

for by the induetry. 

It.is the opl on of thii author that althouih a greet _.,,. ,i;,., 

deal of study i:1 development has been done in :mlnia turizi:11.g 

electronic equipment, more work needs to be done. This is 

especially true in the ,~.t·ea of electrical con.nee tors. It is 

possible with the ever increasing use of miniature equip

n1ent, the use of" smaller com~ecting wi.re will be possible. 

Therefore, it will be possible to make design changes that 

will make tbe connector the desirable size. 
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