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PREFACE

This paper is intended to serve as 2 gulde for enginsers
new in the field of packaging electronic eguipment, The
author has tried to assemble under one cover enoughtmaﬁerial
for the new englnesr to get a start in the involved job of
deeigning and packaging new éompact electromiévequipmemt.

Several ascknowledgments are certalinly in order, I
would like to scknowledge the assistance given by Normsn Hug,
Dave Coryell, Gordon O'Riley snd J. Whitney of Douglas Alre
eraft Co,, Tules Divislon. These men helped in locating the
latest informstlon descrlibing the problems involved and the
methods of solving these problems of new snd more reliable
packaging.

In prevaring this paper the azcknowledgment of Dy, H,
Jones, Oklahoma State University, Electrical Enginsering
Devsrtment, ls certalnly necessary. Dr. Jones has been my
adviser through out the nrepsretion of this manuseript and

has given numercus helpful suggestlons,
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CHAPTER I
INTRODUCTION

The development of the transistor by the Bell Telephone
Laboratories in the 1940's help to understand the physical
working of the semlconductor material, This paved the way
for poseibility of miniturizing electreonlc equipment.

Discussion of some of the problems and methods of re-
ducing the slize and weight of electronic components and cir-
cuite, that have been developed by industry will be the
ma jor task of the later chapters. There will also be &n
attempt to look at the possibility of subminiaturized sys~-
tems, using methodes being worked out by several top research
compsenies of the United States.

Miniaturizing electronic equipment is not just a matter
of making system smaller. As a device 1s made smaller,
accessibility goes down and rejection rate, operating tem-
persture and cost generally go up. With signal circuits
miniaturized, there still remains a problem of power hand=-

ling equipment.
Definition

Any discussion of the techniques known as "printed cir-

cuits™ or "printed wiring" begins with a definitlion of these



terms. "Printed wiring" refers to the use of solid metallic
conductors bonded to an insulsting bese material. "Printed
circuits" use printed wiring plus components such a& induc=-
tors, cépacitora or resistors made by similsr technigues.
The two terms "printed circuits" and "printed wiring"

are used interchangeably and not always in thelir true sense.
History

Printed wiring makers =still debate about the date of the
first printed wiring. Many ldeas simllar to present-day
printed wiring ere found in early U. S. patents. Some dat-
ing back to the latter part of the 19th century.

The first may however, be a British patent grated April
28, 1927 to a Frenchman named Cesar Parolini. This patent
gpecifically spells out the printing snd electroplating proc-
ess., The method consists "of an ebonite plate for radio
outfits having en electrolytically deposited system of con-
nections."

Between this beginning and the limited use during World
War II, the art of printed wiring remained relatively unex-
plored. It was not untlil about 1952 that printed circuits
makee 1ts greatest entry into the electronics fleld.

Industry's acceptance to the printed clircuit idea was
done without thought as to the difficulties that would be
encountered. Therefore, the cost and gize savings that was
anticipated often did not materialize. Standsrds needed to

be set up to help achleve the desired production technique.
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CHAFTER II
PRINTED WIRING BOARDS

Much of the electronic equipment has been reduced in
size snd welght by the use of the printed wiring circuit
board, Because printed wiring is so well adapted to mech-
eanization it has a very important place in the future of
miniaturization in the electronic industry, for this reason
this chapter will try and exrlain some of the design philos=-
ophy of meking printed wiring boards.

Consideration of meny factors such as (1) required cur=-
rent, (2) number snd types of required components, (3) tem-
perature of operation, (L) use of the ecircuit, and (5) quan=-
tity of units needed, are studied and evaluated as they
affect (1) conductor width, thickness and spacing, (2) hole
size, shape and spacing, (3) component placement and lead
dress, (L) circuit teminatione and (5) materials and pro-

duction means.
Standardization

To insure reliability end uniformity of product at the
lowest poscible cost, Arma Divisgion of American Bosch Arma
Corp., Garden City, N. Y., established & project to set up

design procurement and processing standarde for printed

M



wiring.
Basic printed circult design standsrde as established
by this study are shown in Table I. The established width
of the conductors was based primarily on: febricators tol-
erances; pin holes in the copper foll; bond strength and cur-

rent carrylng capacity.

TABLE I

BASIC DESIGN STANDARDS
USING EPOXY GLAES LAMINATE,
BOTH SICES 2-0Z COFFPER

A NOMINAL “MINIMUM
Conductor Width-Inches 1/16 6
Conductor Spascing-inches 1/16 %53%

__Pad Diameter-lnches 1 g 0.10
Hole Dismeter-lnches 0,063%0.007 0.038%0,007

A febrlcator's tolersnces could reduce a given 0,032
inch conductor width, thus affectipg reliability.
For example:
0.204 inch tolerance when L4 times artwork is reduced,
0.005 inch tolerance from screening process,

0,010 inch undercutting from etching.

0.019 inch total tolerance

0.032 inch desired conductor width
Thus, this gives & poscsible conductor width of 0.013 inches
after fabrications.

Conductor spascing 1s dependent upon voltage differ-

ences, Table II is the guide used at Arma, nominal con=-



ductor spacing ie 1/16 inches, Where space is at a premium,
a minimum of 3/6l; of an inch can be used. Table III shows
the hole dlameter as a function of the board thickness and
wire size, Pigtail type components are mounted on the
printed circuilt board. To hold the components in place, the

leads are clinched on the sclder slde of the board,

TABLE II
MINIMUM SPACING OF ADJACENT CONDUCTORS

POTINTIAL DIFFERENCE

PEAK VOLTS MINIMUM SPACING=-INCHES
0 _to 300 6
301 _to 500 1
Grester Than 500 0.0003-Inches fer Volts
TABLE III

FLATED THRU HOLE DIAMETER
VS BOARD THICKNEES

MAXINMUM BASE
WIRE SIZE-INCHES PLATED THRU HOLE MATERIAL TUICK=~
S5 DIAMETER-INCHES NESS=-INCHES
Up to 0,022 Dieam 0,038 to 0,007 1/32
0,023 to O, Diam 0,063 to 0,007 Y 1/1
Over 0.045 Diam Wire Size Plus Equal to Hole
0,015 Dismeter

All the component leads should be straight for a min-
imum of 3/32 of an inch from the component body to the point
of bend. Bend redil for the verious lead dlameters are shown
in Table IV.

Components are mounted to 0.100 inch grid intersection.

These standardes assure uniform design, and greater reli=-



ability at a lower tooling cost.

TABLE IV
BEND RADIUS VS LEAD DIAMETER

DIAMETER= : A D : R
Up to 0,02 0,032 Min.
0,029 ¢ OL5 2 o,ﬁg‘g—mn.
and Greater Twice Lead Wire Diameter Min,

Componente should be mounted separately. Where compo=-
nents are tied into a common lead, separate mounting holes
gshould be used. If a component has to be replaced it will
therefore not be necessary to unsolder the other components.

Components have been developed to fit the dip-solder
techniques used by many of the manufacturers in making
printed wiring boards. For example, tube socket have ter-
minale that snap into holes in the board. Other new mini-
ature components that have been designed to meet printed
wiring requirements, include; relays, potentiometers, and
variasble capacitors. These new components improve reli-
ability and even helps to reduce tne size and weight of the
newest circuits.

Table V shows some suggested design techniques to im~-

prove reliability.

Design Methods

After the circult design has been completed, 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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TABLE V-

T’

SUGGLESTED DESIGR TECHEILUES
TC IMPROVE RLLIABILITY

ingle=-gided printed wiring boeards instead of double

o
w
o
m
fts
=

fute

Use smallest poscible board (6 inches square).
Use 0,1 luch grid layout ass stendard.

Use "free flowing" lines, rounded corners.
Make conductors as short as possible.

Deep DC near edges.

Holes Tor component leads should be spaced at least 13

2]

times the tiulckness of stock apart and from outside
sdges.

Smallest hole no smaller than 2/3 stock thickness.

The minimum spacing between conductor lines, copper pads
be no closer together thnan 0.032 inches. .

Boards 1/16 to 3/32 inches thick should be supported at
intervals no greater than !} inches. Bosrds thlcker than

3/32 shall be supported at intervsle of not more than

5 inches.



results. Drawlings are mede 2 or 3 times size to permit
closer tolerances in the final product; for an example, an
error of 0,048 inches in a large drawing will be 0.016
inches after a threc-to-one reduction. In laying out the
printed wiring boards, the designer is faced with the de-
cision of whether to use & single-slded or double-sided cir-
cuit board. The double-slided circult board has the advan-
tage over the single-glded board 1ln size &snd weight reduc=
tion and it tends to decrease the warpage of the circuit
board during fabrication, It has a disadvantage however, of
adding complexity which can be a source of unrealiability.
Therefore, the single-slided printed circuit board is ususally
chosen over the double-sided board.

Board size must be determined. For optimum ease of
handling in production, and to facilitate mounting problems,
it has been suggested a £ize of 6x6 inches as maximum. Over=-
all width and length of the board should coincide with the
lines of the 0.1 inch grid pattern.

Component should be oriented in both the horizontal
and vertical planes. Where croessovers are necessary to
achieve a certain component layout, wircs may be used.

These wires should be treated as components,.

The printed wiring board consist of a metal conductor
pattern formed on a basge of insulating materlal in a spec-
ific circuit configuration. In the most acceptable method
of producing such & board (the substractive process), the

circuit is printed on & electrical grade of plastic laminate
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to which has been bonded &« thin layer of copper foil. After
the replica of the circuit is printed on the copper foil, the
unwanted metal les removed by & controlled efcbing process,

thus leaving the desired conductor pattern.,
Proper Care asnd Handling

To insure proper reliability of printed wiring, proper
handling care of the board from the time it is prepared
until the final ascembly of the circult is very important.
Manufactureres of laminates constantly check each step in
the production process. This insures the fabricator a good
quality uniform product.

After incoming inspection by the printed wiring fabri-
cator, the copper-clad sheets are often put in stock. In
exposed storage, the copper or solder plated copper will
oxidize. Olly or scid atmosphere will contribute to diffi-
culty in getting good solder joints. Therefore, the incom=
ing stock should be cleaned and then placed in sealed plas=-
tic bags for storage. Once the board is removed from the
bag 1t should go into production immediately. One of the
methods of cleaning the Bﬁard is to scrub with pumice
cleaner and a scrub brush.

After etching, the scld costing must be completely re-
moved. Alcohol, acetane or ctner commerical cleaners may be
used to remove the acid coeting. About 90% of the printed
wiring problems can be blamed on poor cleaning. Froduction

contamination results from the eteching bath and solder
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fluxes. Handling contamination is the result of finger-
prints and dust.

A board that has been stored iIn open sir or hss been
handled, should have the aress thst are to be soldered bur-
nished. A sultable materisl for burnishing the boerd is a
"typewiter" eraser of the pencil type. In very bad csses
/O steel wool can be used. Care must be used to insure
that steel whiskers are not trapped under eyelets, or fast-
enings on the boards.

The following formule ies suggested by Cleveland Metal
Specialties Co., for use in cleaning of the circuit board.

8 oz Ammonia

8 oz Murphy's 0il Soap

1l oz Swift & Co. No. 900 Solar Detergent

1 gallon water

Heat water 1LO°F to 160 F, dlssolve sosp (stir slowly
for minimum studs). Add ammonia; solar detergent.

Use stock solution st above temperatures in cleaning
printed wiring. One gallon will treat approximately 15
square feet of two sided printed wiring material.

After the circult has been washed it should be sllowed
to stand in the heated solution for at least 20 seconds. A
stiff brush should be used to scrub both sides of the printed
wiring board, rinsed in filtered tap water, and forced dry by
air blsst.

The board should be handled by the edges st all times

during the rinsing snd drying of the board. They must then
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be dried on lint free blotters.

After soldering the circuit, the flux and other residue
should be removeds To remove this residue the entlire assem-
bly is placed in a shallow pan of suitable flux removers
such as toluol, or liquid trichlorocethylene and allowed to
soak, About 20 to 30 seconds should be allowed for soften=-
ing and loocsening the residues. The assembly then should be
dried by a blast of clean compressed air.

After this cleaning of the finished assembly, the ascem-
bly then can be protected by a coat of varnlsh or plastic
spray to prevent leakage and to render the areas humidity
proof.

All etched circults should have & protective coating.
Some of the other coatings that have been suggested by
Methods Manufscturing Corp., is as follows;

(a) Protective laquers, wax, or varnish compounds to
prevent oxidation.

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

(c) Solder resist mask, this keeps solder off the parts
of the circuit that sre not to be soldered.

(d) Silver Flash is useful where excellent appearance
at low cost 1s desired.

(e) Electrosilver plate used for switching and applica=-
tions where good conductivity 1s important.

These su gested finishes are a few of the many special
finishes that sre being developed by printed wiring manu=-

facturers.
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duction in size st low voltage. These cspscitors sre ideal
for traznsistor circults. Mallory TAP cepscitors that can
operzte in a tempersture renge from ~-55 to +8% degreses centi-
grade use 2 sintered pellet anode. Dimensions of these units

are & inch in length by 0.225 inches in dlemeter.

Fixed Resistors

s the

ffo

A resistor that 1e in use by many menufacturers
"Little Devils" made by Ohmite. These resistors azre ¢ watt
rating and are availsble in values from L7 Ohm thru 22 Meg=-
ohm, They are 0,09 inches in dismeter by % inch long.

Oihmite also manufascture a mini

j14]

ture reslstor with a power
rating of 1/10 of a watt snd sre avsilsble in values from
10 ohm to 1 megonm. These resistors are only 062 inches

are

il

E

in diemeter by .12 ilnches long. These little resistor

ideal for transistor or other low voltage, small current

Diicdes

In crystal diodes, size has been reduced to a little
more then the thickness of the connectlon leads. Typical
dimensions are 1/10 inches in diame%ér by about = of an inch
longi

Pootographs of some of these miniaturized components are

shown in Fig. 1.
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FIGURE 1

MINIATURIZED COMFONENTS-

.

Top Row:
Second Row:
Third Row:
Fourth Row:

Bottom Row:

Electrical Connector

Ministure Relays

Ministure Battery

Togele Switch, Micro Switch
Transistors, Reslestor, Potentiometer,

Capacitor, Dicde, Tubular Capecitor,
Coaxlsl Cable, Choke Coil
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Transformers

Much has been done to help reduce the size and weight
of the very heavy and bulky trensformers. New ilnsulating
materials, finer drawn wires and more efficient steels for
cores have helped to make this recductlion possible.

Teflon tape has been used by Goslin Corp. in reducing
a 2,000 volt transformer from 20 lbs. to 14 lbs. A smaller
transformer made by this company was reduced from 1l to 2 lbs,
Thie Teflon tepe has a dlelectric strength of 40O to 500
volts per mil and a dielectric constant of 2., Dissipation
factor is 0.0002, This tape is used for interlayer insula-
tion, wrapping of the coils and lead wires and ss a case
lining to nouse the transformer.

In transistor circulte the low current, voltage snd im-
pedance nae made possible thls deslign of extremely small
transformers. Laminated cores for these transformers can be

obtained in core size of %x7/16 of an inch.
Panel Components

In minlaturized equipment, panel space for mounting
switchee, indicators, jacks, potentiometers &nd controles is
limited. Spsace behind the pesnels 1s also limited. Controls
must be selected to permit mounting in close proximity to
one another, without the dsnger of mechanical or electrical
interaction.

A l2-positicn rotery switch is manufactured by R. F.
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Electronics that requires only a space of 3/4 of an inch
square behind the penel. Up to eix decks can be combined
for & eingle-knob operation.

A subminisature pushbutton switch manufactured by Micro
Switch Company., This switch, ISXI-T, has dimension of .500
inches long by 350 inches height by a thickness of .200
inches. It electricel rating is 7 amps at 28 vde or 115/230
vac 60 cycles 5 amps resistive and inductive.

A gubministure jack and plug combination mede by Telex
is about 1/3 of the size of previous units. The ministure
plug is i inch in diemeter at its widest point, length is 1
3/16 inch including tipe.

Panel meters designed for use in miniaturized equip-
ment by Marion Electricel Instruments Compeny provide a

scale arc of more than 1} inches in & panel hole of 1 35/64
‘ inches in diemeter. The mechanism is self-shlelding end can
be mounted on either magnetic or non-magnetic panels without

affecting calibration.
Tunnel Dicdes

One of the newest component to be developed is the
tunnel diode. The development of this diode was made pos=-
sible through the work of Leo Esaki in 1958. The first
tunnel diode wes manufactured by General Electric Co.

The tunnel diode should move & lot of enticlng products
out of the Laebs and into the assembly lines. It will make

possible the "Dick Tracy" two way wrist-watch radio.
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The tunnel diode tekes ite name from the pnyslical phe=-
nomenon that makes ite operation possible; "quantum-mechanecial
tunneling" which describes the manner in which the electrical
charge moves through the device. This motion takes place at
the speed of light compared to the relatively slow motion of
the electrical charge cerriers in & transistor.

This high speed makes it possible for the tunnel diode
to operate at extremely high frequency. Oscillation fre-
quencies higher than 200 mec. have slready been obtalned.

The tunnel dlode is more than a thousand times &s re-
gelstant to nuclear radiation as the transistor. It is
smaller than the translistor snd will operate at temperastures
from liguid helium up to 650‘?. Conventlional sllicon tran=-
geistor will not operate above hOOoF. It requires only one
thousandth the power required by & transistor.

The tunnel diode differs from a trensistor in that it
has only one Junction region: The junction of a tunnel
diode must be very thin, on the order of 150 Angstrom units.
The Ferml level must be within the conduction band on the
n-type side and within the valence band on the p-type side.
Highly impurity concentretions 1s very important to achieve
the necessary tunnel effect. Thls concentration should be
grester than 5310" per cubic centimeter for silicon and
greater than 21:10'9 per cubic centimeter for germanium. In
the tunnel dlode this region is very much thinner than in
treansistors: Thlis therefore, enables the electrons, instead

of slowly drifting across the base region, to apparently



"tunnel" the barrier if & slight bises potential is applied.
Pigure 2 (A) showe the energy level of & highly doped
g) B el B g,‘z y p

3

p~n junction st zerc blas voltage. Notice Lhere are some

electrong in the pne-nmosteriasl conduction band thst hsve the

same awmount of ener:.y as some electrons in the p-material
valence band thus, a net current of zero. Figure 2 (B)
ghows tus seme p-n junction with & small positive blas
gpplied. The junction barrier is decreased snd n-msterial
conduction electrons are situsted opposite the p-materisl
availeble states at the reme enerpgy level. There 1s & net
current flow from n to p material. In Figure 2 (G)‘the bilas
i1g increassed thues the juncticon bsrrier is further decressed
and the n-material conduction electrons arve opposite the for-
bidden reglon of the p-materisl. Since electrons csn not
move inﬁo tonis Torbldden reglon the current will be éecfeaseﬁ.
The tunnel diode has the dissdvantage of isclating the
input circult from the output circuit. This is true of all
two terminal devices. But with research in circult design,

thle disadvantege will certeinly be overcome in a very short

time.
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One of the lmportant tends in the ministurization of
microweve equipment has been the development of "flstetrip"
components fabricated with printed circult technigues.

Special design concsiderations such as impedance match=-
ing end power limitetion must be studied in order thst the
miniaturizing of microwsve euulpment may be fully reslized.

Three types of printed circult transmission lines are

shown in Fig. 3. The Microstrip, View 4, is a printed-wire
FIGURE 3
PRIBTED CIRCULT TRANSHISSION LINES
a
e ‘ \
DIRLECTRIC
C iy b— J
~ 1 -

View A View B

“Diselectric

metal

View C View D View E
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two wire trensmiesion line. Conductor "a" is printed on one
side of & Teflon-fiberglass bace. The other side of the
dielectric board also has 8 printed wire which acte as a con-
dueting plesne., The Microstrip hes & rether high dielectric
iéss end requires shielding to prevent radiation loss. It 1=
very usefull where & high Q 1l& not required or where & cshort
run of trsnemission line is needed. The tri-plate, View B,
which wee developed by the Sanders Ascoclates Co., can be
considered tne printed equivalent to & coaxial transmission
line, A single conduector positioned between two ground
planes produces a Tri-Flate transmlission line. It eliminates
the radistion lesksge of micro-strip and is more rigid. 1Its
dielectric loss 1s however, nigher than the Mlcro-strip. The
third line is the Stripline. This line development of the
Alrborne Instruments Laboratory, is formed so thet a flat con=-
ductor 1g centrally placed between two ground planes. The
flat conductor can be either a solid copper strip or & die-
lectric sheet with a printed conductor. View C shows tne
ground plane to be bounded to a dielectric sheet, end the.
flat center conductor is supported by dielectric besds. This
structure can be compsred to equivalent-size ccsxliel line.
The center conductor strip can be undercut at the bead sup-
ports to provide a constant characteristic impedsnce. In part
D & dlelectric sheet between the two ground planes carries

@ single copper conductor and the dielectric sheet is sup-
prorted by either metal or dielectric posts. The double clad

line, part E, has even lower losses because the electric



field exist from each strip conductor to its corrssponding
ground plane snd only fringing flelds exist in the dielec~
tric sheet.

Energy is csrried in the TEM mode of operation by sll
of thesge flat strip transmlssion lines. PFig. L shows the

evolution of the flat s#trip transmiecsion line. Thig 1s

F‘IGUL[E‘ h
EVOLUTICN CF FLAT-STRIF TRANSMISSICN LINE

ZN |
@ (t )

CCAXIAL TRANSITIONAL FLAT=STRIF
LINE FHASE LINE

- EBELECIRIC FIELD LINES

- = MAGNETIC FILLD LINES
shown by teking a reguler ccaxial line &nd flatiening it
into the flat-strip line. The inner conductor of the coax-
isl line becomes s flat strip of finite thickness, while the
outer conductor lg broken into two semi-infinite ground-
planes.

The electric fleld 1s entlirely bounded by the flat
outer conductors in the reglon of the centerstrip and is
relatively uniform within the region directly between center
strip and outer ground pletes. The Ileld external to this

space decays very rapidly. Therefore, no electrical field



component exists lateral to the center conductor. Thus,
gidewalls are unnecessary,

Many r-f systems use both printed and other types of
tranemicsesion lines, requiring transitions between the dif-
ferent types of lines. Fig. 5 shows two methods of tran-
sition, A psrallel-plate line into a wave guide. The sand-
wich of metal and dielectric is made wider as it extends
into the waveguide until it fills the guide. A wedge shaped
section of polystyrene allows gradual transfer of energy
from the printed line to the guide so that reflection and
altenuation of the energy is minimized. The transition
between the strip and the coaxial cable 1s also shown. Di=-
menslione sre shown in terme of the width of the strip. The
triangular end of the strip connects directly to the center

conductor of the coaxisl cable.

Antenna Miniasturization

Because of the rapid growth in electronic equipment
placed aboard ocur migsiles and ezircraft, the antenna de-
signer 1s becomlng more and more confronted with designing
antenna to fit in smaller and smaller spaces.

The slot antenna has application in flush mounted sys-
teme of mlssliles and alrcraft. Here reduction in size is
very important. The reduction in size of thne slot antenna
system can be approached in two ways. First shortening the
slot length by loading and secondly reduction of the cross
gsection or volume of the transmission line or cavity asso-

ciated with the slot.
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PIGURE 5

TRANSITION FROM PRINTID LINES
TC CONVENTIONAL LINES

(A) Polyestrene Transition from Waveguide to Parallel
Plate Line

Apex of Edges Coin-
cldes with Plane of

End Block
I \ End Block
: B )
Strip W L) } ).aw L 6W
i U S
e 2N

(B) Pifty-ohm Cosxisl-to-Strip Transition
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First consider the reduction in slot length. The
simple slot is st resonance when it is puysically one half
wave length long. A method wanich has been used tovload the
eclot is to deform the =slot to s dumbbell shape. This is
shown in Fig. 6., The length "L" for a perticular frequency

.

ig shortened as "a" the diameter of the end circles isg short-

ened s& "b" the gap distance is dscreased. PFolding may be
gar £ J

FPIGURE 6

DUMBEELL SHAPED SLOT

acconmiplished by cutting a slot parallel to the driven slot
and connecting them at the'ends. Folding will normslly

decreace the radistion resistsnce and can be used for match=

A slot antenna system may be reduced in size by de-
creasing the vqlume or cross tection of the cavity asso-~
cisted with this system. The cavity does not nsed to be
rescanant et the ssme freguency as the slot, thie does not
thierefore festrict the size of the cavity. The cavity does
present a perallel resctance to that of the slot, the value
of thls reactance depends on the cavity dimenslons. The re-
duction in the size of the cavity therefore, sffects the res-

cnant length of the slot. It nass been found that this
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effect is negligible if the cavity is about ¢ wave length
deep. If the cavity depth is reduced to less than this the
glot will be losded go as to increase 1te resonsnt length.

One new type of printed circuit radiator that has been
developed recently, is the "sandwich wire" antenna. This
antennea ls asdapteble to printed circuit techniques and cen
be constructed ss a flat or curved plate structure with
linear polarization for either pencil beam or shaped radi=-
ation pattern.

The structure of the sandwich-wire antenna igs basi-
cally the seme as the strip line transmiesion line. Strip
lines are normslly nonradlating but can be made to radiate
by simple changes. If the center conductor is inclined so
that it 1s no longer parallel to the outer plates, 2n un-
balanced conditlon results. Since 1ts excitatlon is pro-
grecssively phased, the TEM mode 1s not constrained but pro-
pagates in the general direction of the length of the strip
line.

For the TFM wave to propagate broadside to the center
conductor of the strip line, the phase must be periodically
reversed between radisting points on the strip.

To obtein thls periodic reversasl the center conductor
is bent =so that the direction of 1ts slop is regularly re-
versed.

If the center strip and outer plates are compressed to
one-dimensional conductor the antenna can be made by use of

printed wiring techniques. The two outer conductors are
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parallel to each and are at ground polential, while the

center conductor ls bent into

cly weluable
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sinusclidal form with a

the wave length. This type of antenna may

in high speed siverait and

ard 8176



CHA P*’?“
PACKAGING OF MINIATURIZED BQUIPMENT

Packaging is one of the important regulrements of the
completed miniature clrecuits. A1l of the engineering put
into the laying out of the circult bosrd and cheoosing the
right components can go for nothing, if the engineer does
not think about the packaging of the esguipwment. The engineer
must know 1f the circuit is to be of the throw aswsy type or
one that canvbe repaired, If ths first type is used 1t can
be potbted or encapsulated, while the zecond one must be
packaged so that it can be taken sapart to sllow the com=

ponents to be replaced without destroying the circult wiring

snd other componente,

Encespsulation

Small compaat pechaging may aleo be done sterting with
a printed wiring board with components siacked on the board

’

one sbove the other to form s three dimensional unit thus,
reduecing the slze and welght. After the circult is complete
the unit lg often encopulated or potted. This method is
very effective to protect the @léctromic circuite from the

effects of vibration, humidity, and acceleration. Flg. 7

shows a Keyling clrcuit thst waes deslgned and packaged by &

29



FIGURE 7
MINIATURIZ'D PACKAGING KEYING CIRCUIT

I UL i|l|.!m||1'1
‘8 Ilz IL z‘r_- 24 8 ' . l;[)[ E.L. a
A HK 651 2 Ry
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leading 2ircraft compeny. The completed package meagures

2x2% snd weighs sboubt 0.163 pounds.. Since this

i

ot
2l
b
bk
joal
’\'

nackage is a throw awsy unity, it was found that encapsuvlat-

ing in sn epoxy resln wae an ldesl packsge.

Potting Materisl .

Materials ars evallable to encapsulate anything gnd
they will operste in amblent temperstures from =060 degrees
centrigrace to as high as 316 degrees centrigrade.

| Epoxles resine can be used very sucegsfully for potting
of the circult. They can be cbtainsd clear, excellent idea
for first prototype. Epoxies can slso be produced in any
color thst is desired. E?oiy resgin weighe about 13 pounds
per cublce foot,

3

A new foam plastlc ig often uvsed where welgnt is very

L5

Py q

important. Thils foam weighs about .06 pounds per cubic

foot. Tne foam plestle should heve & protectlve cover of

£

ot

fiber glags or plastic regin,

Hepeirable Packaging

Commerical items such as compubers often have printed
wiring boards winich plug into a main Chaaﬁic.so_that the
unite can be made more f{lexible. These units sre often
packaged on slidé cut racks that plug inte the completed
gssemble. One very important design problem, especislly in
circuite that have a greabt deal of power dissipation involved,

-

is how to disslpate the heat. One very much used method is
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The power dissipsting components should be mountsd

directly on a piece of wmetal or on the metal chassic
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thus the heet csn be carrled from the component more
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3=-D Packsging

A new technigue that will give high density electronic
packaging is often referred to as 3-D packeging. This tech-
nlgue involves mounting minature components side¢ by =ilde and
forming the electricsl connections on a three-dimensionsl
basis., The wircs are joined by electrical resistance spot
welding. After the unit l1s smscembly and electrically
checked, the unit 1s encapsulated in epoxy potting compounds

to form & modules.



HAFTER VI
SULID STATH CIRCUITS

The component engineer dreame of the day when all come-
pletely reliable. The system engineer dreams of the day
ﬁhen there will be no coﬁpcnanta.

While performence and reliability requirements for
future electronic systems are mounting thelr WEight'ané gize
allowables are shrinking. To meet such conflicting specs.,
radically new deeign approaches are needed.

Thers has been strong efferts in research today to géﬁ
rid of not only the components but also the circuit.> These
will be replaced, researchers hope, by the use of monoclithic
blocks of materials cach of whilch peffafm& a complete elec=
tronic function.

This new sclence within g sclence is called Molecular
Electronics, cr "Moletronics®s It is concerned with the

arrangement of the molecular structurs of matter so &s to

3

give 1t the properties nseded to control the flow of charged
carriers and thue accomplish a deslired reesull.
Moletronice 1s based on & new state of maltter uncovered

by semiconductor rescarch. HNeasrly sll conductors and semi-

conducetors of interest have crystal-line structure.
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Sclid-state phnysicists hasve found that by purposely
introducing chemlical impurities and structural imperfection
into the lettice, they can creste materisls with certain
electrical properties. Most present reseesrch and development
efforts aim at developing a set of rules by which the elec-
tric properties of a material cen be correlated with certain
lattice structures, Once a firm scientiflc framework is
laid down, the physicists can proceed with little resort to
empiricism.

The system engineer of the future will start at a new
level of syntheslis, specifying his needs only in terms of
bagic system functions end properly weighed objectives, The
moletronice deslign group select the basic materisl and re=-
arrange its crystal lattices to bring sbout the desire os~
cillation, amplication, storage, delay, etc.

Just to understand the workings of moletronics, the
engineer will have to forget the R, L, and C concepts &nd
substitute the theory of electron spin, fields, and energy
exchange.

Weatinghousé under a $2 million Wright Air Development
Center grant, has been able to grow thin, uniform ribbon of
germanium insteesd of the round ingots. Westinghouse has
already produced two circults mede of this monolithic germa=-
nium blocks: First a light telemetry amplifier that has a
volume of .00l cu. inches and uses one pert in place of 1l parts
in the transistorized unit. The second circuit is & slightly

larger pulse generator with & 10-100 ke pulse rate frequency



and & pulse width of aprroximete one microsescond,

Texas Instruments has developsd similer clreults using

[+
ta
e
O
=
.

such processes ss controlled masking, etcehing, and 4ifrf
T, I, has alrveedy bullt & multivibrator and & phase shift

3

oselllator using solid-state clrcult no big

nhesd.



CHAPTER VIZ
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The ert of miniturizstion of slectronic equlpment
started in the United States in the lste 1940's. The garly
work was mogtly done by tus Hational Bureauw of Standards.
In the 1950's Bsll Telephona‘Laboratoriés advanced the art
with the development of the transistor. Decause of the

transistor, the power dissipation snd operating voltage

W

4

could be recduced in value, thus making it possible to de-
velope smaller clrceult components.

The development of printed clrecult and printed wiring
technicue not only reduced the siﬁe and weight of the unit
but made 1t possible for the manufacturer vto highly mech=-
anlze the menufzcturing of thgir units.

There ig a Torm of printed circult techniques used in

almoet all of the present, or near future, wmethods of com=~

o

pact packaglng. For thls reason thle tecnnique 1s the main

a)
.
2
U

¢iscussion of thils paper, ss 1t applies to the englneering
and development of wnew and lighter clectronic equipment.
The englneer, ss he is confﬁopt@d with the Jjob of re-
ducing ﬁhe size and weight ol & certain plsce of equipment,
mast consider the problems involved not only in the circult

design itself but also the difficulties that may be faced in
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the manufactubing of sald equipment.

It is therefore, the hope of this author that thils paper
may help the engineer by pcinting oﬁt certaln standards to
keep in mind while designing the ministure eguipment neces=-
sary ln todays and tomorrows field of electronics.

Increase demend by the miesile and alrcralt industry
for smaller and lighter units with grezter reliability,
started the ctudy of making & complete unit from a piece of
semi~conductor material, "moletronics™. This 1 thought by
many of the sclentlsis and engineers to be the snswer for the
raltimiate in slze end welght of the equipment that i1s asked
for by the industry.

It is the opinion of this suthor that although a great
deal of study and developﬁent nase besn dene in miniatﬁriziﬂg
electronic equipment, more work needs to be done. This is
especislly ﬁrue in the szrea of electrical connectors. It is
possible with the,evarfincr@asing’use 0f minlature equip=~
ment, the use of smaller connecting wire will be possible.
Therefore, it will be possible to make design changes thet

will make the connector the desirsble size.
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