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The sun is the ultimate source of all the power which man has at his dis-
posal. For this reason, science has long searched for an efficient method of
coaverting solar energy into a more usable form. The Bell Solar Battery
coaverts as much as 11 per cent of the energy it receives from the sun
directly into electrical power — a performance greatly superior to those
of other types of photo-sensitive cells. The potential usefulness of such a

device marks it as an achievement of great significance, not only in com-

munications, but in many other aspects of modern technology.

The Bell Solar Batterv consists of a number of
incividual silicon solar cells, each of which can con-
vert sunlight into electrical power with a much
higher efficiency than has been achieved with any
previous photovoltaic device. Since its announce-
ment in April, 1954, it has attracted considerable in-
ter »st and commentary and it will therefore be nec-
essary to give only a brief summary of its principles
of Hperation, before we present a few of the more
pertinent tacts concerning its construction and its
ele 'trical characteristics. It should be mentioned,
howvever, that the Bell Solar Battery is as vet strictly

a laboratory device constructed from costly raw
material by means of a complex technology.

The heart of a solar cell is the p-n juﬁéti()n ®or
boundary between different electrical conductivity
tvpes in a semiconductor (-r_\'stul. Such junctions
were discovered in the 1930°s by R. S, Ohl and . H.
Scaff of the Laboratories, who also noticed that the
junctions were 1)11()t()scnsitivv — i property that has
since been used in the construction of ph()tutrunsfs-
tors.t Photons of light energy, when thev strike a

? REcorp, August, 1930, page 337,
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Fig. 1 — D. M. Chapin inspecting Bell Solar Batteries eox-

]msv(l to sun f()r long term storage b(l!!('r_v ('/l(lrging tests.

semiconductor. will often split off an clectron from
its normal position in the crystal lattice, leaving a pos-
itively charged “hole™ or vacant space. Both the elec-
tron and the hole will then be available for the con-
duction of electricity — if they can be prevented from
recombining and thus nentralizing cach other, The
p-njunction provides a built-in electric field that
pulls the electrons into the nor negative side of the
junction and the holes into the p or positive side be-
fore many of them recombine. The electrons and
holes are said to be “collected™ by the junction. With
suitable contacts and leads to the two sides, the
resultant ciorent can be used inan external cireuit,
The actual conversion of light energy into electrical
energy is therefore seen as occurring in the creation
ot “eclectron-hole pairs™, a process that becomes
significant under the influence of the electric field
of & p-n junction.

The solar cell, a representation of which is shown
in Figure 2, is thus simply a p-n junction designed
to take the best advantage of these phenomena.
The junction is made very large and is oriented to
face the sun, and the top laver is made very thin so
that as many as possible of the effective photons
may penetrate to the vieinity of the junction.

With silicon, the effective parts ot solar encrgy
are absorbed in the outer 1/1000 inch laver, and to
be collected, the clectron-hole pairs must be pro-
duced within about 1/10,000 inch of the junction. In
addition to these fine tolerances, we also have the
requirement that the surface must have a high con-
ductivity; otherwise much of the electrical power
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would be lost through heat generated from the in-
ternal resistance of the cell. These considerations
suggest the type of construction shown in Figure 2,
and the question is how to produce it

The answer to this problem grew ont of a funda-
mental study of diffusion into solids. Diffusion
methods proved to be ideal both for controlling the
depth of the outer laver and for achieving high sur-
tace conductivity, and boron was found to have
many advantages as the diffusing element. [n this
purticu]ur case, temperatures must uppr()uch the
melting point of silicon (1400°C), and the relation-
ship between diffusion time and depth of diffused
layer must be preciselv known.

One method of forming the p-laver is to heat a
plate of n-type silicon to a high temperature in the
presence ot a gas containing boron. The boron s
broken out of its chemical compound and diffuses
into the silicon. The depth of diffusion is determined
by the temperature and by the length of time the
diffusion process is allowed to proceed. This process
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Fig. 2 — Cross-sectional view of a plate of silicon
prepared as « solar cell, illustrating creation of

electron-hole pairs by photons of light energy.

results in a decreasing concentration of boron with
increasing depth. Right at the surface, the silicon
is very heavily “doped”™ with boron. Further into the
eryvstal the concentration decreases until, at about
1/10,000 inch, it gets so low that the n-tvpe, arsenic-
doped silicon of the body of the crystal predomi-
nates. This change in conductivity type defines the
position of the junction. Deeper into the crystal
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Six Important Facts About the Bell Solar Battery

I. The Bell Solar Battery is an experimental
deviee that converts sunlight direetly into clec-
trial power, with no intermediate steps.

2. It is at least fifteen times more eflicient
thin the best previous solar energy counverter,
which makes it the first real solar power supply.

3. It has no moving parts or corrosive chemi-
cals, and therefore should last indefinitely.

L. Tts efliciency of conversion of available
remains essentially constant even in poor

light where other types of converters will fail.

5. It charges a storage battery at constant
voltage, and a solar battery-storage battery com-
bination can thus average a steady power out-
put through days and nights, over periods of
good and bad weather.

6. It is a result of the sanie research and de-
velopment effort that produced the transistor
at Bell Laboratories, and it is particularly adapt-
able to modern transistor cireuitry.

beond the junction, boron concentration drops to
of arsenic and boron
atcins at the various depths create an clectric ficld
gr: dient which as mentioned carlier collects the
ele stron-hole pairs.

zero., The different numbers

sdter the diffusion process, there still remain the
important problems of providing suitable contacts
anc of encasing the entire structure to protect it
agi inst rough treatment and weathering  effects.
Both problems must be selved in such a way that the
cell will show good electrical characteristics over a
lon 1 period of time. By returning to Figure 2, we see
tha- the diffusion process has left us with a picce of
silicon that has the p-layer on all sides. As implied
by the drawing, we then remove the p-laver from
a portion of the bottom surface and make contact
to the hodv of the crystal. Contact to the p-laver
then compl( tes the electrical arrangements.

The thin p-laver is so casily penetmt(‘(l that mak-
ing contact by d“()\ g or w e](lmrr techniques is im-
pra-ticable. The cells were
structed brushing layers of

original solar con-
metallic
laccuers on top ot copper-plated sections of the cell,
but such contacts tended to deteriorate with time.
Sul)»‘oqu('ntl_v, many other methods were tested —
for sxample metallic layers produced by oven firing.
clectroplating, and metallic vapor deposition. Addi-
tiomil work and long-term testing will he required
befcre the best type of contact is determined, and

merelv by

the same may be said of the problem of encasing the
stru ture. To date, cells have been encased in solid
blocks of clear plastic and in blocks of plastic with
liqu d and gas-filled centers. Various shapes and
sizer have been used, some with the clear plastic
molded ito the shape of lenses in attempts to get
the best focusing of solar energy on the surface.
Dev lopment work has resnlted in several promis-
ing nethods of making contacts and of providing

JUL, 1955

encasements, so neither problem is expected to be
serious,

With all these variables entering into the function-
ing of solar cells, we are able to get a rather
Ficure 4
ever, shows a few of the more important theoretical

wide

range of clectrical characteristics. how-

facts that must be considered in designing for best

Loy

Fig. 3 — C.S. Fuller (left) and J.

in a diffusion experiment. Mr. Ditzenberger is shown

inserting into a furnace a tube containing silicon plate
£ g
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Fig. 4 — (A) solar energy distribution, (B) pho-

ton distribution and (C) short-circuit response

curve for a silicon solar cell.

1)01'1'()1’111;111(‘0 On this graph are plotted three
curves: Curve A represents the distribution of solar
cnergy at the various wavelengths, relative to an
arbitrarv. maximum of 1.0. Thls curve was plotted
from pul)l]sho(l data taken in clear weather with the
sun at its zenith, and with perpendicular incidence
of the light. Curve B shows the relative number of
photons at the different increments of these wave-
lengths, and was derived from curve A simply by
multiplving by the wavelength. Curve C is a short-
circuit response curve for a silicon solar cell: it was
derived by using a spectrometer adjusted to deliver
cqual amounts of energy at the diffcrent wave-
lengths, and by (ul]ustm(g the response values to
correspond to the amount of energy available from
sunlight. Both curves B and C are again referred to
maxima of 1.0. The approximate limits of the visible
spectrum are included for reference.

To interpret Figure 4 accurately, we need to keep
the following hlct§ in mind. At the left of the dia-
gram the photom have high energics, so there are
fewer of them for a given amount of energy. Con-
versely, at the right of the diagram more photons
are necessary for the same amount of energy. This
is apparent from the diagram: for (‘,\amplo. at a
relative energy of 0.6, curve B showing the number
of photons is below the solar energy curve A on the
left and above it on the right.

It will be noticed that the solar cell does not
respond to photons having wavelengths  greater
than about 1.1 microns (0.00011 em corresponding
to an encrgy of about 1.0 electron-volt). These
lower cnergy photons pass right through silicon and
do not create electron-hole pairs. Al photons to
the left of 1.1 microns on the seale will have more
than enough energy to create clectron-hole pairs,
and this excess of energy is wasted in the form of
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heat. Additional energy is wasted because some of
the higher energy photons create electron-hole pairs
very close to the surface, some of them too far from
the junction to be collected. Conditions are such,
however,
clectrons and holes is collected (i.e., the cell shows
maximum response ) at about (.75 micron, near the
boundarv between the visible and the infra-red
regions.

It should be noted in this respect that the value
of 0.75 micron is quite close to the wavelength at
which a maximum number of photons are available
trom sunlight, shown by curve B. This fact illus-
trates that silicon is near to the ideal material for
solar energy conversion. The p- lavel here was about
1/10,000 mch in depth. With thinner layers, the
peak response occurs at wavelengths less than 0.75
micron, toward the violet end of the spectrum, but
if we are primarily interested in maximum conver-
sion of solar into electrical energy, we can see the
reason for obtaining a peak response near the infra-
red region.

Since hazy or partly cloudy skies are more trans-
parent to infra-red than to ultra-violet, the sensi-
tivity to infra-red also shows that poor light condi-

that in this cell a maximum number of

0.6 30%
5 o4
[ I, 25 o v = 5
> // ©  Fig. 5—Opean-cir-
Zz VOLTAGE .
- 7 2 euit voltage and
2 oaff i 20z Lo
o - short-circuit  cur-
Z z .
oot s rent for different
5 03K
Lo / g percentages of sun-
= /1 N
302 o light, at an operat-
e .
5 AJRRENT g ing temperature of
, &
Z o1 A s ¥ 25°C.
Y &
S . ©

0 No &
o 25 50 75 100

PER CENT DIRECT SUNLIGHT

EFFICIENCY
= 595%

SN
\ N

N\

7

Fig. 6 — Solar cell
power output for

various external

loads. at an operat-

3
ing temperature I/ S \\ N
under full sunlight 2 / SN TS
()f ZSOC_ b \\\\\ N N \\§

1
N ‘&% N \\\\3
o/\ 9 l\\\\\\\\x\\\

o] 0l 02 03 04 05 086
QUTPUT POTENTIAL IN VOLTS
(VARIABLE LOAD)

p
/7/

OUTRPUT POWER IN MILLIWATTS PER CMZ2

BELL LABORATORIES RECORD

www.americanradiohistorv.com


www.americanradiohistory.com

deterrent to the cell’s
ntilitv. If o dav hegins with a dark overcast and then
gradually improves to admit progressivelv larger

t ons are not necessarilv a

a nounts of sunlight, we notice the changing char-
ateristics illustrated in Figure 5. Here we have
plotted a cell’'s short-circuit current and open-
c renit voltage against percentage of total sunlight.
The current rises linearly, but the voltage qmcl\l\
it mps to its maximum \aluc.

The curves of Figure 5 represent only the ex-
tiemes of open- and short-cireuit conditions, In he-
tween, for different external loads, we can plot a
power curve of the sort seen as Figure 6. Under full
st nlight, the cell’s power reaches a peak at a voltage
scmewhat lower than the best open-circuit response.
This optinuim power point is the one used to deter-
mine the cell's efficiency, here about 6 per cent. This
vi lue was obtained at an operating temperature of
2 Co At higher temperatures the output voltage
diops off but the current increases, so that the
clange in efficiency is not very great over a reason-
al le range of operating temperatures.

For sunlight values less than 100 per cent, power
with the

peak power alwayvs occurring at about the same

curves similar to Figure 6 arc obtained,
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Fiy. 7 — Storage battery charging current on clear.
patly cloudly, and mostly cloudy days.

voltage — that is, at about 0.3 volt per cell. This
means that a constant voltage device, such as a stor-
agc battery, is almost the perfect load for a solar
battery over a wide range of sunlight values. It
nie s that although the total power is reduced in
pocr light, the efficiencey remains essentiully un-
cha nged, in contrast to solar converters that depend
upen an initial transter to heat. This fact will be
very important in many applications. In experiments

JULY, 1955

T —
%g 6 f— —%-\— -+ ._—T T_‘ 1 _,._r —Tw
3
xuw ———
< o B . i ) . ]
H T e
= 5| /T/ 5
e e e =
<s = i |
o
. EL ] { 5!
az W —
Ju of—gl— e e
il 6
20 1 _EH . z___ | T _,_r gl,_«
Z
o] I i It 1’ ! t i !
AUG SEPT OCT  NOV DEC  JAN FEB  MAR
1954 1955
Fig. 8 leerage monthly charging current.

with the P-carrier rural telephone svstem, for ex-
ample, the Laboratories plans to use a solar battery
to charge a storage battery, which in turn will pro-
vide power for a u)mplctc terminal of the svstemn,

Up to this point we have been deseribing charac-
teristics that are observed soon after dl)l](‘ ation.
So far as practical uses ure concerned, however. the
chief interest is in how a battery will perform over
Since relatively
short time has clapsed since the invention of the
device, no exact information on length of life can be
presented. It mayv be of interest, however, to note

a long period of time. onlv a

that in one of the first demonstrations of the cell,
a solar l)uttm"\' was used to power a motor turning
@ small disk, and that this disk has been spinning
continuously under ordinary indoor lighting for the
past vear, \More germane to the sul)]ect however,

are the curves ()f Figures 7 and 8. A solar battery,

consisting of five cells connected in ser ies, with a
total arca of about 10 square centimeters,  was
mounted in an exposed location and wrranged to
charge a storage hatterv. Charging current was then
recorded  continnously over a period of several
months. Figure 7 shows records for three days with
The trend
from morning to noon to night is clearly discernible,

different weather  conditions. general
along with the sharp peaks and \ullc\s caused by
changing cloud conditions. Curves of this tvpe have
shown that occasionallv certain cloud formations,
by reflecting sunlight. actually result in a response
higher than that achieved under
For Figure S, the charging current was averaged

cloudless  skies.

over half-month and full-month periods. Here we
again notice irregularities due to changes in average
weather conditions. We can also see how the re-
antumn
Additional

imformation of this kind must be collected before

sponse decreases as davs get shorter in the

and increases after the winter solstice.

we can make accurate determinations of how large a

1o
vy
ol
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solar hatterv will have to be to do a particnlar job.

Although we have included this information on
recent tests, and although the other figures in part
represent @ certain amonnt of data accumulated
duriug the past vear, this discussion has been based
mainly on preliminary work. Since the invention of
the solar battery, the development departments at

Bell Luboratories have made much better cells than
the early experimental models. The best of the origi-
nal cells had an efficiency of about 6 per cent. The
efficiency of the newer units has been raised con-
sistently to around 8 per cent. and some cells have
reached 11 per cent — a phenomenally good perform-
ance considering the inherent difficulties of the task.

THE AUTIHORS

Daryr M. Charin received the AB. (1927) degree from Willamette Uni-
versity and the M.S. (1929) degree from the University of Washington. A
member of the Laboratories since 1930, he was first concerned with magnetic
materials and, during World War TI, with underwater acoustics. Following
three vears of work on mugnvtic r(’C()r(ling, he turned his attention to S])eci;ll
projects such as magnetic measurement, simulated speech, miniaturization, and
pulsv code transmission, Eur]_\' in 1953, as a part of the stucly of new sources
of power for low-power transmission svsteins, he investigated direct con-
version of solar energy into electrical energy and applicd the new techuigues
of semiconductor rescarch to the invention of the solar battery. More recently,
his work has been concerned with further improvements in the solar battery

and tests of its use in relation to the sun’s dailv and seasonal changes.
A g

Carviy S. FuLLenr received the B.S. (1926) and Ph.D. (1929) degrees in
chemistry from the University of Chicago and joined the Laboratories in 1930,
l“ol]()\vil{g several veurs of research on organic insulating material, he turned
liis full attention to studies of plastics and svnthetic rubber, including inves-
tigations of the molecular nature of polvmers and the development of plastics
and rubber for telephone and associated apparatus. Since 1948 Ay, Fuller
has concentrated on semiconductor research and the development of semi-
conductor devices. Iis work led to a technique of diffusing impurities into
the surface of a silicon wafer, a preparation basic to the solar battery and

other silicon devices.

GenraLh L. Peansox received AB. (1926) and M.A. (1929) degrees in
physics from Willamette and Stanford Universitics, respectively. He bhecame
a member of the Phyvsical Research Department in 1929, spending his carly
vears at the Laboratories on studies of noise in resistors, vacuumn tubes and
carbon microphones. Except for a bricf period during World War 11, when
he was enguged in work on militur_v projects, he has since concentrated on
semiconductor rescarch. In this field he has heen concerned with thenuistors.
transistors. and silicon rectifiers which led to the invention of the solar battery,
More recently, he has been engaged in work on the silicon allov diode and

power rectifier.
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A Miniature
Transistor
Amplifier

Trausmission Researeh

H. M. STRAUBE

A new midget amplifier constrneted in the Researeh Department at Bell
=

l.il')ﬂl‘ill()l‘i(‘h‘ combines a transistor with several Olhl‘l‘ miniature ('(DIII'NDII('IIIS

to achieve extraordinary eleetrical performance snitable for very wide band

serviees sneh as television transmission, Althongh this amplifier. lttle more

than 115 inches long and 14 inch in diameter. is an experimental model. it

represents an important step toward the eventital nse of transistor amplifiers

in broadband transmission networks.

Fhe Bell Svstem provides a network of commnni-
cation channels over which voice, television, and
other signals ay be transmitted from point to point
th -oughout the nation. In the general eftfort to im-
prove this network and make it more cconomical,
study is continnously @iven to possible improve-
ments in the associatec repeaters —devices  that
amplify decaving signals at regular intervals along
i coute,

axisting repeaters depend on conventional elec-
trcn tobes to provide the desired amplification.
However, since the advent of the transistor, new
avenies to improved repeaters have been opened.
Tl e transistor is small, rugged, and eflicient. 1n com-
bivation with other cireait elements it may provide
the basis for significant advances in repeater design.
A preliminary exploration of sneh possibilitios has
bean made inthe Laboratories” Research Department
where an experimental transistor anplifier has heen
constructed for possible use between sections of
miature coaxial cable,

The completed experiental amiplifier. shown in
Ficure L is evlindrical in form. approximately 1%
incaes long and 1S inch in dianeter. A unit of this

JULY, 1933

size suggests the possibility of a foture transinission
svstem in which repeaters may be fubricated as an
integral part of a transmission line, Ordinarily the
diameter of w repeater is many times as large as
that of the associated cable, While it seems Tikely
that amplitiers of this size will eventoally encourage
the use of miniature cables (bottom, Figure 1), per-
formance references in this article will be stated in
terms of the more failiar 3 8 inch coanial cable.
Despite its sinall size. the amplifier provides more
than cnongh gain to oflset signal loss in 1% miles of
present-day coaxial cable. Since it produces 22 db
gain, signals leave the amplifier with a strength
about 160 times their input value, Morcover. this
performance is provided over a wide band of fre-
quencies extending fronvabout 0.4 to 11 megaeveles
per second, as shown in Figure 2(a). The resulting
ten megacvele channel is more than adequate for
two present-day television programs or could con
ceivably provide 2300 one-way telephone cirenis.
\lternatively, this frequeney: hand conld be used for
future high quality theater television programs.
The distortion and noise performance of the pres-
ent experimental init wounld allow about ten of

www.americanradiohistorv.com
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Fig. 1 — An enlarged view of the amplifier unit with components is shown at the top. Actual size views

of the amplifier, with and without cover. are shown below. The unit is shown inserted betiween lengths

of experimental 0.1 inch coaxial cable.

these amplifiers to operate in tandem. Iligh quality
television, or other broadband transmission, could
thereby be provided over 3/8 inch coaxial circuits
some 15 miles in length. When the amplifier is deliv-
ering 1/4 milliwatt of output power, the desired sig-
nal overrides the non-linear distortion by 50 db
[ Figure 2(b)] and overrides the noise by 60 db
(the noise figure of the unit is less than 10 db).

In keeping with its small size, the unit requires
onlv about 1/10 watt of dc power — 5 milliamperes
at 22 volts — about half of which is consumerd by the
included voltage regulation circuits. Although the
initial model was designed to be powered by an
extra wire outside of the coaxial cable, it could easily
be modified to obtain power via the signal con-
ductors of the coaxial itself.

An enlarged photograph of the amplifier assembly
with its cover off appears in Figure 1. As shown, the
unit contains three subassemblies that are inter-
connected at terminal blocks. A total of eleven elec-
trical components  plus supplementary termiunal
blocks and plugs are included. At the stage of con-
struction shown, only the middle assembly had been
pzn'tizll]_v impregnated with plastic. The entire as-
sembly was subsequently impregnated and enclosed
in a 0.15-inch-diameter brass tube.

248

I the amplifier electrical circuit, shown in Fig-
ure 5, a new d-electrode transistor is used in a
“common emitter” configuration: that is, at signal
frequencies, the emitter electrode s effectively
grounded. The unit is biased by 22 volt de power.
Critical voltages are regulated by the silicon diodes
labeled Z1 and Z2 in the figure, and the emitter
current is stabilized by negative de fecdback via
emitter resistor Re. Negative ac feedback through
resistor Rf and inductor L is used to stabilize the
gain and control the frequency characteristic of the
over-all amplifier. Both input and output trans-
formers are tightly-coupled broadband devices de-
signed to provide a rceasonably good impedance
match between the transistor and transmission line.

Perhaps the most vital component in the minia-
ture amplifier is the four-electrode transistor used
to provide power amplification. Particular emphasis
has been placed on achieving high-frequency re-
sponsc and small size in this unit * which otherwise

it

corresponds to the “junction tetrode” type.t Superior
high-frequency operation is attained not only by
virtue of the fourth electrode associated with such
tetrodes, but also by the extreme reductions achieved

¢ Fabricated by E. Dickten. 1 Rucono. April, 1955,
page 121,

BELL LABORATORIES RECORD

www.americanradiohistorv.com


www.americanradiohistory.com

it physical dimensions. Essentially, the unit consists
o a har of
irch long.

“single crystal” germaninm metal 1/10

Near the middle of the bar, where the
cross-section is only about 0.008 inch square, o very
thin region of one electrical tvpe separates the two
'ul]omlmT end regions of different electrical type.
T e separating layer is only about 0.0003 inch thick
—less than 1,10 tlle thickness of this printed page.
A ter clectrical connections are made to two oPpo-
si-e edges of the thin region and to the enels of the
The final
result, shown in Figure 1, is a small zeppelin-shaped
bead that is about 1/4 inch long and less than 110
inzh in diameter.

bir, a protective coating s applied.

The input and ontput transtormers and the feed-
b: ¢k inductor
ariples of extreme miniaturization.

are. in themselves, mpressive ex-
Althoneh less
thn 110 inch long and 178 inch in diameter. these
utits provide very acceptable electrical character-
istics, with tight couplm(r and broadband operation
acieved by surrounding fine-wire coils with a ferrite
miterial. The general construction s illustrated
Fizure 1, where a double-winding coil appears be-
tween the two cores that will eventually enclose it.
St own above the coil is an assembled unit that will
provide the  loss-versus-frequency  characteristics
Figure 4.

silicon diodes ® that provide both de voltage reg-

di plaved i

C. L. Pearson and B. Sawyver, Silicon p-n Junction Alloy
LR.E. vol. 40, pp.

Dides, Proc. 1348-1352, Nov,,

1952,
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th) intermodulation distortion characteristies.,

nlation and ac coupling are the smallest components
in the amplifier. Each diode, consisting of a p-n
junction prepared by alloving appropriate electrodes
to a silicon crystal, is cont: ained in a protective
sphere only 40 thousandths of an inch in diameter.

To fit within the space, the ervstal volume of each
it shown in Figure 1 had to be reduced to about
one-tentl its usnal value, When such a diode is oper-
ated in the proper region of its static characteristic
it provides a substantially constant de voltage, the
magnitude of which may be chosen at will in the ini-
tml design. In addition. since the diode impedance

is onlv a few ohms at signal frequencies, it may he
used to provide low- nnpod mee ac coupling. Both of
these functions are pertormed by the diode Z2 in
Figure 5.

The amplifier contains a tantalum solid eclectro-
Ivtic capacitor. a Laboratorics’ development that s
particularly usetul in low-voltage applications re-
quiring a large capacitance in a small space. The
specific unit used has a capacitance of about 5 micro-

Fig. 3 W

amplifier under the microscope that he used

F. Kallensee eoxamining the finished

Jabricating and assembling many component parts.
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farads, and vet it occupies a evlindrical volume only
3/16 inch long and 1/8 inch in diameter. A typical
capacitor of this type is shown in Figure 1.

All four resistors included in the new amplifier
were made by winding several turns of nickel-
chromium allov wire 0.001 inch in diameter into
space that would otherwise have been wasted. The
resistors Re and Rs, shown in Figure 5, were wound

quencey and temperature variations. Also, the distor-
tion or “modulation™ is too great for svstems includ-
ing more than about ten repeaters i tandem.
Although there are still many questions concerning
the best physical and electrical form for such units
the
achieved in this experimental model predict a prom-

in c()ml)lote transmission  svstems, results

ising future for transistor repeaters.

around the insulated form of the transistor; resistor
Rd was wound around the periphery of the output

terminal block: and resistor Rf was wound on a thin af Lf

1-22v
)

insulated disc located between the output trans-

|
I
1

| SR —

tormer and the feedback inductor.

To facilitate interconnection of the umplifier sub-
‘( \‘.‘ 2 1 ).‘ 7 1 ~' 1 (> a3 1 4 Ky R Wal i - 'NPUT
1?“ 111])]1( s, two 1]]Sl.1]dt( d terminal bl(.)(]\.s \V(.l( [)]f) TRANSECRMER
vided. Each block, in the form of a disc 1/8 inch in \
diameter and 0.04 inch thick, is pierced by six ter-
minals. Amplifier-to-cable conmections are conveni-
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entlv made by means of small phosphor-bronze co-

S |

axial plugs located at the extreme ends of the

assembly.

Although small in size and electrically proficient.
the completed  experimental amplifier still lacks
some of the refinements associated with most practi-

A

YZ2

[
r
—
Al
I
pe
@
pe
w
i
00

cal repeaters. For example, it does not contain the A
equalization and regulation features necessary in

long transmission svstems to compensate for fre- Fig. 5—The amplifier electrical circuit.
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Hanrorn M. Stravse joined the Laboratories in 1941, and was at first as-
sociated with the development of panoramic receivers, underwater runge de-
vices, and television test equipment. During World War IT he worked on
radar test equipment. In 1946 he transterred to a group concerned  with
electronic switching, and in 1950 was engaged in television studies. Since
then he has devoted his time to transmission research and high frequency
transistors. Mr. Straube received his B.S. degree (1939) in E.E. from the
University of Michigan, and studied at Northwestern Universitv for the MLS.

degree. He is a member of Sigma Xi and a senior member of the LRIE.
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Nutside Plant

Freld Trials

V1SS B. J. HENDERSON

Svstems Engineering
Jormerly Outside Plant Development

Sinee a laboratory in many instances is not suitable {or evaluating equip-

nent that is to be installed outdoors, Bell Laboratories condunets and par-

ticipates in many trials that take place under operating conditions. Typically,

a new unit of outside plant equipment is first given preliminary tests in the

l: boratory, and then is brought to an advanced state of development at the

Laboratories® outdoor test loeation at Chester, New Jersey, or at other out-

dhor test plots. Finally, before the unit is standardized. the Operating Com-

p mies evaluate it in a field trial.

Cable. wire. poles, and conduit are the major
itms of equipment in the Bell System outside
p ant. This plant can be aerial (as in the case of
pole lines), underground or buried (like conduit
o1 buried cuble). or it can be submarine (as in the
cese of cable running under lukes, rivers, or har-
bors ). Because of its location out-of-doors, it is more
st bject to the deteriorating effects of weather and
to man-made troubles than is inside telephone plant.
Maintenance is complicated by the spread-out na-
ture of the plant, and this places emphasis on
portability of test and repair equipment. Simplicity
ard ease of handling of tools and equipment are
in portant, too.

Consider, for instance, some of the conditions
to which outside plant is subjected. Outdoor tem-
peratures vary from abont —40 F. to 120 F. In
sone parts of the country equipment is exposed
to heavy rains, high humiditv, snow, and ice: while

JULY, 1955

in hot, drv arcas it is subjected to intense sunlight.
Winds sometimes reach hurricane force: also along
coastal arcas there is salt sprav to contend with
and in Luge cities the fumes and gases from indus-
tries. Poles and wood products have to be protected
against fungi and insects, and buried cable is some-
times attacked by rodents. There is variation in
soil compaosition, and some soils are corrosive to
buried structures. All these conditions have to be
kept in mind when designing new outside plant.

The preliminary swork in developing new equip-
Above — Chesapeake and Poitomae Telephone Co.
workmen installing test section of new rural line
constructed entirely from the ground. To test suit-
ability of construction under difficult terrain con-
ditions, ficld trial line here was run through wood-
ed area near Spotsylvania, Va., at site of Civil IWar
Battle of the Wilderness.
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ment is doue in the laboratory, but an indoor labo-
ratory is not conducive to building and testing out-
side plant. Designs are moved as soon as practicable
to the Laboratories™ 100-acre outdoor plot at Ches-
ter, N. J.. where facilities are available for con-
structing and testing under conditions similar to
those prev dllmg in ()p(‘mtlng Company areas. 1lere
the development is brought to an advanced stage.
This usually involves bn]l(lm(r life-size experimen-

tal models l)\' skillect plant cmftsm('n working nnder
the direction of Laboratories engineers, 1 design
defeets are found during this phase of work, nee-
essary modifications are made and incorporated in
the experimental models. When the design has
passed detailed mspection and test at the Chester
laboratory, it is prepared for field trials in Operat-
ing Company locations to sece how it stands up
under actual conditions in different areas.

There are two types of outside plant field trial:
a Laboratories field trial, usuallv of limited scope,
in which the special apparatus, tools, and materials
are cither turnished by the Laboratories or pur-
chased from the Western Electric Company by the
participating Companies; and a general field trial
in which alt of the Operating Companies ordinarily
participate, using trial lots of a new item purchased
from the Western Electric Company.

Currently there are 130 Laboratories field trials
in progress in thirty-six states and the District of
Columbia, in addition to eight general field trials
in which the items involved are available on a

Fig. 1—Installing field trial se.
tion of new urban wire nec
Atlanta, Ga, Sites were chose
to test the wire under rariot
distribution conditions, incluc
ing service 1o new housing d.
velopment shown here.

countrvwide basis, The Laboratories trials include:
(1) newlv developed plant items, (2) life tests of
poles in sections of pole line in Operating Company
or Long Lines plant, and (3) atmospheric and soil
corrosion tests in sclected test locations.

A map dividing the United States into Bell Svs-
temn Op(mtm" ( LOmpany areas. used to l\('(*p an
up-to-date record of these field trials and test lo-

Fig. 2—T. E. Edwcards, now returned 1o the New Jersey

Bell Telephons Company, instelling « mechanical splice
case at the Chester Laboratories. This case was subsequently
tested in a general field trial and has become standard

BELL LABORATORIES RECORD
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cations is shown in Figure 3. Numbered pins,
olored to indicate the tvpe of trial, mark the loca-
tons where trials are in progress. The nmumbers
on the pins refer to cards that contain a briet
deseription of each trial and its progress.

When trials are of such a nature that their loca-
ton cannot otherwise be pin-pointed, the map pins
ase placed at the location of the Company or Area
headquarters. This accounts in part for the large
¢ uster of pins in the nwtr()po]itzm New York area,
w hich includes the headquarters of the New Jersey
Bell Telephone Company, the Manhattan-Bronx-
Viestchester, and Long Island Arcas of the New
York Teleplhone Company, and the Long Lines De-
putment. Pins indicating general field trials are
a so included in this group.

The field trials cover a wide variety of studies.
For example, in New Orleans, La., the corrosive
etects of acid muck soil are heing studied: in San
F-ancisco, Boston, Baltimore, and St. Louis, splicers
we testing a new tool for slitting the sheath on
polvethvlene covered cable: because ot its wind
conditions, Lubbock, Texas, was chosen for a study
ol “dancing” cables — cables that swing throngh a
rclatively large amplitude in strong winds, In Oma-
hir, Neb., test sections of lodgepole pine and jack
p he poles have been set in one of the pole lines to

be inspected periodically,
The first step in initiating a Laboratories field
tr al is to select a location in consultation with the

Fig. 1 — I'. E. Pawel of the Laboratories (third from left)
instructing Southern Bell installers in the procedures for
field trial installation of 10514 wire terminals. E. J. Bon-
nesen of th e 4.T.&T. Co. is to the right of Mr. Paicel.

JULY, 1955
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Fig.3—T.C. Henneberger and the author examining map

showing locations of field trials of outside plant equipment.

American Telephone and Telegraph Company. This
sclection is made chieflv on consideration of the
type of plant, terrain, and outdoor exposure needed
for a rc[)resmltuti\'v test. Next, a letter is sent to
the Chiet Engineer or Outside Plant Engincer of
the Operating Company or Companics to arrange
for the field trial. After these arrangements have
been made, the trial equipment and detailed in-
structions on its use are sent, Often, on installation
work, especially of new kinds of plant, Laboratories
engincers ¢o to the participating arcas to aid in
the planning of the work and to acquire first-hand
knowledge of conditions and results.

An example of a Laboratories field trial is the
recently completed trial of mechanical splice cases
and associated terminals for aerial cable.® These
ases were designed to eliminate the difliculty of
splicing alpeth and stalpeth sheath cable.t Since
these trials have proven the cases to be very worth-
while, thev are now being manufactured for all
the Companies to use. At present, a trial of me-
chanical splice cases for underground cables s
also in progress.

A previous Rucorn article discussed a field trial
of the new suspension type rural open-wire line.

“ Reconn.  November, 1954, page 405t November,

1948, page W1 August, 19510 page 333, 1 April, 1934,
page 121

9]
It
o
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EE

Fig. 5— Engincering inspection of a field irial
pole; left to right, J. G. Sullivan, New Jersey Bell
Telephone Co.. E. Weller, AT.&T., and A. 1.
Hoarn, Bell Telephone Laboratories. Mr. Hearn is
prodding ground line section of pole prior to taking
core sample to determine internal condition.

This line emploved new methods of construction,
and new tools and hardware were developed to
facilitate this construction. Before field trials were
held in Operating Company arcas, a trial line was
at the Chester laboratory. As this
proved satisfactory, Laboratories field trials were
set up in several areas (Virginia, Colorado, and
Louisiana) to test the construction methods and
compare with  costs for

constructed

the  construction  costs
standard methods.

The arrangements for a genceral field trial are
made by the American Telephone and Telegraph
Company through a Plant Engineering Letter or
Plant Engineering Memorandum, and the participat-
ing Companies place their orders with the Western
Electric Company on a commercial basis. The gen-
eral field trial is usually started after a Laboratories
field trial has been held but before the item is
standardized. New  pole  preservatives are often
tested this wav.

Another way to test newlv developed preserva-
tives, and also to check on the performance of cur-
rently used preservatives, is the pole test section.
Treated poles are sent to arcas with a variety of
conditions to pr()vidc a representative l(mg range
test of the preservative, The Operating Companics
are reqnest('d to set the 1)0105 as a test section —

either using them as replacements in existing pole
lines or using them in new pole lines — and to keep
a record of their locations. Periodic inspections are
made 1))' Laboratories engineers to determine the
effectiveness of the preservative.

In one such test section. several hundred pres-
sure-creosoted Douglas fir poles were set as re-
placements in the Springfield-Wendling line in Ore-
gon. This line was sclected as being in an area
which was tyvpical of those normally using Douglas
fir poles.

The exposure test location provides the same sort
of information for the other kinds of outside plant
that the pole test section does for poles and preserva-
tives. [t acts as a l(mg range test of equipmvnt, sup-
plementing accelerated weathering tests in the labo-
ratory. A plot of ground owned or rented by the
Laboratories is used for burving cable. stringing
wire, planting test posts or stakes. or for similarly
installing other samples of plant. The plant is sub-
ject(‘(l to severe exposure conditions for varving
l(‘ngths of time, and p(*riodic inspections are made

Fig. 6 — A. H. Hearn (left) and J. Leutritz (right)
of the Laboratories assisting in a periodic inspec-
tion of stakes in the Gulfport, Mississippi, exposure
plot. Stakes have been treated cith various pre-
servatives and are inspected to determine resistance
of wood to decay, insect attack. and other forms

of deterioration.

Jall
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Fig. 7 — 1. Mendizza ex-
anining samples of
strand. lashing wire. and

coble sheathing for indi-

cctions of corrosion at
tl e exposure test plot at
Khure Beach, North Car-

ocna. Plot is close to the

ocean so that materials
we  subjected  to salt

wter spray.

determine the extent of deterioration. it any, in- The success of outside plant field trials as a means
(‘] wing such factors as damage from corrosion and of early evaluation of new equipment is due in a
insect attack., Four of the (lghtvon exposure  test large (le(fw(' to the wholehearted participation of
lozations were chosen chieffv for their soil condi- the Operating Companies. They appraise and com-
tions, these heing acid, afkali, clay, and salt marsh. ment on the performance of the equipment or plant
Three other areas are in large industrial cities so it on the basis of their observations while working
is possible to observe how the plant reacts to indus- with it. Newlyv developed items which have met
tr al gases and fumes. Other plots were chosen for field trial conditions satistactorily are recommended
thoir insect-infested, humid, or corrosive conditions. to the A. T. & T. Co. for standardization, while

One exposire test of weathering effects on in- those showing deficiencies are given further devel-
sulated wires is being conducted in Miami, Florida.® opment attention. Additional trials are conducted
This is an ideal l()mtmn for a studv of this sort, until acceptable results are achieved. The field trial
because the high temperatures and licavy rains svstem: has proven to be an invaluable aid in the
ar» hard on the life of the imsulating nuaterials. development and design of outside plant appara-

tus, tools, and materials required to meet the tech-
> Recown, November. 1953, page 444, nical needs of the Bell System Companies,

TIHE AUTHORS

Barsana ] Hexperson was graduated cum fude from Mount Holvoke
College in 1953 with a Bachelor of Arts degree in mathematics. She |mnu|
the Outside Plant Development Departinent in the fall of the same vear.
Besides making economic studies of outside plant, Miss Henderson had charge
of collecting and organiziug information from the numerous trials of outside
plant equipment conducted by the Laboratories and the Operating ‘ompanies
in various test locations tlm)uﬂlmnt the countrv. In Mav, 1954, she was traus-
ferred to the newly organized Outside Plant Engineering group in the Svstems

Engincering Department where she is also working on cost-analvsis studies of
wire, cable, terminals, and other items of ontside pl;mt equipment.
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C. H. McCANDLESS

Telephone calls,

like automobiles,

Traffic Load Contro.

in Toll

Crossbar Systems

Switehing Systems Development 11

sometimes  encounter “‘roadblocks,”

traffic tie-ups, and delays. Because of the high usage of equipment, they

meet these conditions more frequently in a long-distance, or toll. office

than in local offices. To prevent the building up of such situations to serious

proportions, and to assure good, fast service to toll customers, special cir-

cuits have heen incorporated in toll crossbar switching systems. Control

of the traffic load is taken care of automatically in three different ways.

and heavy traflic loads, such as those occurring on Christmas and other

holidays, create little difficulty.

When a telephone customer makes a long-dis-
tance call, he expects the same rapid service as on
his local calls. If his call is delayed for any reason.
the customer not only receives less desirable serv-
ice but the efficiency of the intervening operators
and cquipment is lowered. Aside from delavs caused
by human errors and occasional equipment failures,
the longest and most anmoving delays, from the cus-
tomer’s standpoint, are due to overloads. These
overloads may sometimes cause delays of several
hours, especially on such days as Christmas or
Mother’s Day when the number of calls is excep-
tionally high.

All telephone office equipment. whether manual
or automatic, is furnished in quantities sufficient
to handle a certain maximum load. Each piece of
automatic equipment has some average holding
time. When either the number of offered calls or

Above

The author, right. discusses a feature of a
sender link controller with S. J. Argerie of A.T.&T.

as he inspects a relay contact.

10
wl
o

the holding time exceeds its engineered limit, the
excess calls must wait until busy equipment hecomes
idle. HHow to handle these excess calls, in both local
and toll automatic telephone systems. is one of the
telephone engineer’s most difficult problems,

In the nationwide dialing network ot toll cross-
bar offices, the effects of an overload in any one
office are not confined to that office alone but may
cause overloads in connecting offices. Figure 1
shows a 4A toll crossbar office “A” serving a toll
switchboard, which may or may not be in the same
city as office A, and also serving another 4A office
“B” in another city. To get a call through office A.
it is alwzlys necessary to obtain the use of an in-
coming sender. To obtain a sender, the call must
have the services of a sender link controller and a
controller connector for approximately one-halt a
second. Incoming trunks are located on sender link
frames in groups of one hundred per frame, with
each group having access to a maximum of forty
senders.

A call from the toll switchboard enters office A

BELL LABORATORIES RECORD
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«n an incoming trunk, and is commected to a sender
Iy the combination of w link controller and con-
t-oller connector. When all forty senders are busy,
cr the link controllers and controller conmectors are
all l)ns_\'. the process of sctting up a connection
tirough office A is delaved until these circuits be-
ome available, 1t this delay becomes too long, the
cperator at the switchboard will tell the customer
that no circuits are available.

A call through office B, on the other hand. nscs
1A crosshar equipment in that office instead of an
cperator. I the call is unduly delayed by busy
cqnipment in office A the 4A equipment in office
b times out and connects to a reorder trunk. telling
the customier or operator to try again, If all trunks
in office B are busy. the 4A equipment connects to
a "no circuit” (NC) trimk. This then automically
sonds a signal to the local office that all circuits
are busy.

It is economical tor senders in office B to wait
s »veral seconds tor idle equipment in office A before
¢onmecting to reorder, particularly if the senders in
cffice B are not being used to capacity. This “time-
out” interval is nor mdll_v in the order of twenty to
thrty sceonds. If, however, the senders in office B
are all busy, then waiting for equipment to become
idle in office A aggravates the overload condition
in office B. For this reason, whenever a group of
forty senders of one type all become busy, the time-
ot interval of twenty to thirty seconds in each such
mmcoming sender s automatically reduced to ap-
proximately five seconds, minimizing the effect of
a1 overloud i a connecting office.

As indicated in Figure 1, six link controllers and

six controller connectors handle the incoming traffic
trom approximately twenty-seven andred  trimks
through twentv-seven sender link frames. These
twentv-seven sender link frames are usunally served
by tour groups of forty senders cach. The wayv the
four groups of soml(’rs called key-frame groups,
are distributed over the sender link frames is shown
in Figure 3. Each group of forty senders first ap-
pedls on sender link frames 0, 1. 2, and 3. called
“key™ trames. To simplify the office cabling, ad-
ditional sender link franes are then added in groups
of four, multipled to the four key frames. Frame 4
ties to trame 0, frame 5 to 1. 6 to 2, and so on.
Frames 0, 4, 8, 12, ete., then become kev frame
group 0. trames 1, 5, 9, cte. become kev frame
group 1. and so on. Thus cach key frame group
may consist of several frames, but always bears
the number of its kev frame. 0, 1, 2] or 5

This still does not explain how only a few link
controllers and controller connectors can handle
twentyv-seven hundred trunks. Six controller con-
nectors are so arranged that each of the six has ac-
cess to six link controllers. Each connector may
serve up to three link frames in cach kev frame
group as shown in Figure 3, but each sender link
frame has access to only two of the six connectors.

When a call appears on a sender link frame, an
idle connector is found and it in turn finds an idle
link controller.  Since only two connectors  are
available to anv given link frame, the call waits
until one of them is free. 1 a call came in on link
framme 12, for example, it could use cither connec-
tor O or 3 and whichever of the six controllers that
was called in by the connector. In any event, this
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Fig.2—S. J. Argerie is shown checking the relays
of a sender link controller. 1 e controller connector
is in the top half of the bay, with some of the associ-
ated senders in the bav to the left.

call on frame 12 must be served by one of the
forty senders appearing in kev frame group 0. \When
all calls waiting on sender link frame 12 have been
served by connector 0, ali other calls waiting on
link frames 0, 24, 9. 21, 6, 18, 3, and 15, will be
served before the connector is free to again serve
sender link frame 12, This “gating” teature prevents
any one sender link frame from “hogging” a con-
nector so that it cannot serve other frames which
may be waiting.

What Tappens it traffic is heavy and all forty

senders in key frame sender group 0 are busy when
a call comes in? A circuit has been designed to re-
cognize this “all senders busy”™ condition and to
initiate a  “hold-back™ feature in all associated
sender link frames. Obviously, it would be a waste
of time for the connectors to attempt to serve any
calls on sender link frames where all associated
senders are busy. Frames 0, 4, 5, 12, 16, 20 and 24

SENDER
LINK FRAMES

GROUPS
(40 SENDE,
EACH

—{a — KEY FRAM
SENDER
e

—1 O

CONTROLLER % 7
CONNECTORS é 4
é : INTERCONNECT AS
LINK CONTROLLERS
o “ 2 b
SENDER LINK S el
CONTROLLERS 2 0

BECOME AVAILABLE
Fig. 3 — How senders may be distributed among the var.
ous link frames is shown in this diagram. Six link cor
trollers and six connectors can direct traffic from approx.
mately 2.700 trunks.
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in kev trame group 0 are. therefore, held back from
the services of the conunector until one or more of
the forty senders serving those frames hecomes idle.
““hie connectors are then free to serve all sender
Iink frames having idle senders, in accordance with
the preference and gating circuits.

An cffort is made to serve the varions toll lines
in the order in which calls on them were originated,
considering the availability of equipment for each
call. When all the senders in a group of forty be-
come busy, all associated sender link frames having
very recently been served are locked out of service
Ly the “service gating” feature. This permits other
sender link frames with calls waiting to be served
i rotation, For example. it sender link frame 0 in
I'igure 3 had been served by the last idle sender,
i~ could not be served again as soon as a sender
Lecame idle. as long as sender link frames 12, 24,
£, 21,6, 18, 3, or 15, had calls waiting. Thus a pre-
lerred sender link framie is prevented from hog-
¢ing connectors 0 and 1, which serve it. This fea-
ture, of course. applies to all sender link frames.

There are, then, three separate overload control
{eatures: (1) the “holding back™ of all sender link

“HE AUTHOR

frames in keyv frame groups having no idle senders;
(2) the transferring of the “service gate” of the
sender link frames from the connector to the sender
tratfic control circnit when the associated sender
group is busv: and (3) reduced sender tinming,
Whenever all senders of a key-frame group become
busy, all three features are effective immediately
and remain in effect at least as long as the "all
senders busy” condition exists.

The hold-back feature must be released immedi-
ately so that waiting calls may be served with a
minimum of delav. Release of control of the “serv-
ice gate” — rotation of service to awaiting calls —
is delaved slightly to allow time for the regular con-
trol to become effective. Reduced sender timing,
however, is maintained for approximately twenty
scconds in all senders of one type — multifrequency-
pulse or dial-pulse — after all groups of forty senders
of that particular type have idle senders. This ar-
bitrary interval. twentv seconds, lets traffic condi-
tions “dic down” before the normal sender waiting
time is again brought into operation, making the
over-all effect on other offices more uniform and
preventing needless wear ot equipment.

C. 11, McCaxpress received an ALB. degree in 1917 trom the College of
Imporia, Kansas, and a B.S. in Electrical Engineering in 1921 from the Kansas
Ctate Agricultural College. He then joined the Engineering Department of
Western Electric in New York Citv, which subsequently became the Labora
tories. His activities have included supervising the design, analvsis, and test-
i1g of varions circuits T panel and crossbar svstems. Mr. McCandless con-
cucted two schools on No. T crossbar for the Operating Companies in 1939,
cud another school on No. 4 toll crosshar in 1940, e is at present concerned
vith the development of an automatic switching svstem for teletvpewriter

oxchange (TWX) circuits.
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Llectrical Contacts

/ or
Transistors

and Diodes

M. C. WALTZ Transistor Development

In the design of semiconductor devices one should net become so preoc-

cupied with questions of structure as to lose si

ght of what might appear to
M

be a very simple matter, namely, making physical and eleetrical contact

to the device element. Making such contacts is an important design problem,

and the reader may be surprised at its magnitude and at the amount of

knowledge and ingenuity involved in its solution.

Muking good electrical contact to semiconductors
is essential in fabricating semiconductor devices
such as diodes and transistors, but establishing a
completely satisfactory contact is not so simple as
it first appears. A device designer can make an in-
telligent decision on u particular tvpe of contact
tor a particular device only in the light of consider-
able knowledge about contacts and contact prop-
erties. He must know, for example, exactly what the
contact is supposed to do. He must know also how
much departure from ideal contact behavior can
be tolerated in his device. Finull_v, he must know
the individual peenliarities of the various contact
tvpes available to him.

The contacts in a semiconductor device are the
means of connection between the external termi-
nals and the internal clectrically charged carriers
in the semiconductor. If this mportant communi-
cation link causes attenuation of the signal. or if
it introduces undesirable distortion in the signal,
the semiconductor device fails to operate 1)1‘()1)7(‘1‘11\'.
In general, the contact will result in loss to the
signal if the impedance between the lead and the

260

semiconductor is high, and it will distort the signal
if there is rectification at the contact. It is thus
very important in making low-loss or ohmic con-
tacts to semiconductors, that the contacts shall not
rectify or exhibit high impedance.

In principle. the function of a contact differs
from that of a rectifying junction® in the device
clement in that, while both are emploved to com-
municate with charge carriers, an ohmic contact
controls the behavior of the majority carriers in
the semiconductor element, while a rectifving junc-
tion controls the behavior of minority carriers. As
the designuations imply. majority carriers are those
present in excess ina pzn’ticnlzlr specimen of semi-
conductor. Thus, in n-tvpe material, clectrons are
the mujority carriers and holes are the minority
carriers: i p-type material the holes are majority
carriers while the electrons are the minority car-
riers.

When a voltage is upplie(l across i junction m
one direction, the junction will collect the minority

¢ Recornp, June, 1954, page 203,
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carriers in its neighborhood, while with opposite
polarity of the applied voltage. the junction intro-
duces or emits minority carriers into the neighbor-
ing semicondnctor, The action of most transistors
it basically dependent upon the emitting and col-
L cting of minority carriers at their active junctions.
11 an ohmic contact, on the other hand, it is de-
stred to suppress these minority carrier activitics.
Lven though a contact may fulfill the aforemen-
t oned rcquirmn(‘nts of low resistance and absence
b rectification,
I ke ajunction by introducing minority carriers into

it mav nevertheless act somewhat

the semiconductor. It such charges ure present in
the vicinity of one of the active junctions of the de-
viee, such as the collector of u junction transistor.
t1ese minority carriers will be collected, the reverse
Imakage current of the junction will be increased.
ind the rectifving properties of the junction will
Le degraded.

Two general tvpes of ohmic contacts are used
One of these
night be called a “fast recombination contact” and
“non-injecting contact.”
cre deseriptive ot the manner

i1 transistor and diode fabrication.

the other a These names
in which the con-
tacts interact with the minority carriers in the semi-
conductor.
The fast-recombination contact is shown in Figure
{a). It can be seen that the contact is like a sand-
wich, with a

“disturbed™ laver between the semi-

conductor und the metal. This mechanically dis-
turbed laver is produced by sandblasting, grinding,
or otherwise abrading the surfuce of the semicon-
ductor before applving the metal contact. Such
mechanical working has the effect of producing
disruption of the crystal lattice structure for a
short distance below the surface. Submicroscopic
cracks are generated. and the previoushy continunous
crvstal s broken up into a mosaic of tiny blocks,
nisoriented with respect to cach other and to the
varent crystal,

Such a

yination  centers”

disturbed laver furnishes manv “recom-
ATTICTS

nav recombine with the majority carriers. In this

where excess minority

aver, any minority carriers introduced from  the
netal are rapidly absorbed. This sandwich is ef-
cetive in transmitting voltages from the metal to
he semiconductor without rectification or distor-
ion, and it presents only a minimum of impedance
o the flow of current across the contact. Unfor-
unately, however, a good absorber is also a good
adiator. This absorbing layer for minority carriers
wets also as a gencrator of new minority carriers,
nany of which may diffuse away to a nearby col-

JULY,
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lector junction and give un undesired increase of
collector current. For this reason, the fast recom-
bination contact cannot be used i the neighbor-
hood of a rectifving junction in cither a diode or a
transistor.

Wherever a transistor or diode reguires a contact
close to a rectifving junction, the “non-injecting”
contact must be used. As can be seen in Figure 1(h),
the non-injecting contact is also in the form of
the fithng in the
of semiconductor having very

sandwich. In this case, however,
sandwich is a laver
high conductivity. This region contains impurities

DISTURBED"
LAYEFR

HEAVILY “"DOPED”
LAYER

SEMI—
CONDUCTOR |

| SEMI-

'-:l CONDUCTOR

Fig. 1 —Top:

“fast recombination” tvpe of contact;

bottom: “non-injecting” tvpe of contact.

of the same tvpe as those present in the main body
of the semiconductor element, but the concentra-
sandwiched

tion of the impurities is greater. The

luver is said to be heavilv “doped.” This contact
does not alwavs have as low impedance as does
the fast-recombination contact, and slight rectifica-
tion may occur at the boundary between the meta
and the heavily doped laver. However, it does have
the property of suppressing the flow ot undesired
niinority carriers from the metal into the semicon-
ductor, and it does not generate minority carriers

J. N. Borges electroplating a fast recom-

Fig. 2

bination contact to a slice of germanium.
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itself. 1t may therefore pe used in close proximity
to a 1‘ectifying junction. Non-injecting contacts are
formed in several different wavs which will be de-
scribed later when devices using such contacts are
discussed.

Several tvpes of semiconductor devices nsing the
fast recombination contact are shown in Figure 3.
It should be noted that in each case the contact is
located some distance away from the active junc-

JUNCTIONS
JUNCTION
JUNCTION !
7/
i

CONTACT
\
\

Y

(8) POINT-CONTACT
DIODE

(C) GROWN JUNCTION
DIODE

(b} POINT-CONTACT
TRANSISTOR

Fig. 3 — Three uses of fast recombination contacts.

tion or junctions, so that injection of minority churge
carriers is not troublesome. After abrasion or sand-
blasting of the semiconductor sinface to create the
disturbed laver, the metal is attached by the use
of solder. In some cases the abraded surface is
clectroplated with cither copper,
before soldering. The plated laver is more readily
wet by the solder,

nickel, or gold
§

permitting the contact to be
made at a lower temperature with a less active
flux. When a plated laver is used, it is generally
applied while the semiconductor material is still
in the form of a slice and before it is diced to the
final size used in a diode or transistor.
Examination of Figure 4 will show that in each
of the devices illustrated the contact may be rela-
tively close to a junction. This is especiallv true

THE AUTHOR

of the central contact in the grown junction transis-
tor in Figure 4(a). To avoid the deterioration of
junction properties in such close-spaced  devices,
non-injecting contacts must he used.

In the case of the base or central contact to the
grown junction transistor,
placing the end of the base lead wire in position
against the edge of the base layver and attaching
it by a welding process in which a pulse of current
through the lead wire bonds it to the semiconductor.
The lead material is chosen to contain some impu-
ritv of the sume type as that responsible for the con-
ductivity of the base laver. During the welding op-
cration, a small volume of melted metal and semni-
conductor is formed at the contact, When this vol-

the contact is made by

ume resolidifies, the semiconductor retains enough

of the impurity in solid solution to be heavily doped.,

JUNCTIONS

CONTACT

S

JUNCTION
-
e

CONTACTS

(@) GROWN JUNCTION
TRANSISTOR

(b) ALLOY DIODE

JUNCTION JUNCTION
~ P

CO NTACTS

(d) BELL SOLAR CELL

(C) ALLOY TRANSISTOR

Fig. 1 — Four uses of non-injecting contacts.

Mavxarp €. Warrz s ('ntru(r(*(l in electronic apparatus (lv\'vl()pment at the

[
[on]
9]

Laboratories, especiallv that \\()ll\ related to germaninm and silicon varistors.
My, Waltz was graduated from Colby C()ll(‘(’e in 1938 with a B.A. degree in
Physics and two vears later received the M.A. degree in Phyvsics from Wesle van
Univ ersity, From 1940 to 1942 he taught Physics at W, esle\ an, and from 1942
to 1946 worked in the Radiation Lah()mtmv at the Massachusetts Tnstitute of
Technology, In 1946 he joined the Laboratories. Mr. Waltz is one of the
anthors of Radar Receivers, a volume in the Radiation Laboratory Series. He
is 2 member of Phi Beta Kappa, Sigma Ni, and Sigma Pi Sigma.
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and it thus comprises the non-injecting sandwich
aver. The contacts for the alloy diode and the alloy
iransistor are made by similar processes.

In the Bell Solar Cell® shown in Figure 4(d),
the photo-clectric junction is created by a high tem-
perature process, in which impurities are ditfused
into the surface of the semiconductor wafer, thus
converting the outer layers of the wafer to material
ot opposite conductivity type. The nature of this
ciffusion process provides that the outermost layer
t the converted shell is more heavily doped than
the underlving material. It therefore constitutes
tie heavily doped sandwich laver required for the
1 on-injecting contact. The metal part ot the contact
tiay then be applied by plating and soldering.

Still another way of nuking a non-injecting con-
tict is to attach the lead wire to the semiconductor

“ Reconn, June, 1954, page 232,

with a solder which is alloved with a doping m-
purity. During the high temperature cvele of the
soldering operation, enough of the doping material
diffuses from the molten solder into the surface
lavers of the semiconductor to produce the sand-
wich laver of highly doped semiconductor. Such
soldered contacts are sometimes used in the fabri-
cation of p-n diode bars, Figure 3(c¢), where, for
reasons of keeping the forward resistance as low as
possible. the p and n type sections ou cither side
of the rectifving junction are made as short as
practicable,

As new tvpes of transistors and diodes are de-
veloped, it will be a continuing problem to deter-
mine what types of contact can best be used, and
what processes shonld be emploved to tabricate
them. Informution on contacts and contact be-
havior is thus an important ingredient in the semi-
conductor device designer’s store of knowledge.

Mititary Radio Control Terminal

A recent development of the Laboratories is a four-
wire radio control terminal designed for the Signal

Corps, to intercommect radio links (usnally over
water) to other telephone facilities. Standard tele-
pone equipment is used, together with some new
errcuits developed especially for use in the terminal.

The terminal uses four-wire circnits throughout,
it cluding the subset. eliminating certain anti-sing-

JULY, 1955

ing devices normally nsed with 2-wire terminals, A
standard channel shitter is used to stack two voice-
frequency channels one above the other frequency-
wise; this requires a radio-frequency band of 6 ke,
One channel is for facsimile transmission, the other
for voice. The radio terminal uses only one 6-kc
sideband of the radio signal; the other sideband is
for telegraph purposes. Fading and other amplitude
variations are minimized by the use of a mannal
gain control tovether with a volume limiter in the
transmitter, and o vogad (voice operated gain
adjusting device ) in the receiver, in addition to the
usual radio receiver automatic gain control,

Two recorders are included, permitting one-min-
ute recordings to be transmitted continuousty for
tests or other purposes and hour-long recordings
to he made of any information desired.

When telegraph signals are being transmitted, a
special control circuit automatically inserts a 3-db
pad in the output of the control terminal; this kecps
the overall output of both sidebands nearly the same
as that from the control terminal only,

A telephone set is available to the operator, for
transmitting orders or information directlyv over the
air. In addition, an operator at the terminal can vse
the tol(‘l)h()nc to converse with a remote operator,

H. ;. JorpaN
Transmission Systems Development
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Servicing Center for

Short-Haul Carrier

A. L. BONNER Transmission Systems Development 1

To achieve economy of both cost and space, carrier systems such
and ON are unitized. In the three systems, there are some forty

plug-in equipment units to be tested. Since some of the units in

as N, O,
different

any one

system are either identical or similar to those in the other systems, certain

basic tests are common to all three systems. To expedite maintenance a

test set was developed

for testing all units in the three systems.

An important and desirable characteristic of any
t('leph()ne (‘qni])ment is case of maintenance. One
of the principal advantages of the plug-in feature
of N.* 0.t and ON currier svstem equipment s
that it facilitates normal maintenance of these SVs-
tems. Faulty units may be replaced by good ones
to restore service quickly, the trouble then being
cleared at a more convenient time — and more effi-
ciently —at a centrally located telephone company
servicing center. In d(ldmon Western Electric offers
complete repair service for these svstems at their
repair shops. All three carrier systems are designed
for short-haul use, and have other features in com-
mon besides plug-in units. For this reason, it was
desirable that a servicing center he capable of test-
ing equipment of all three svstems.

There are, of course, major differences between
the
system. Type-N is a tour-wire, twelve-channel sys-
tem for cables. It uses an 8-ke frcquencf' band for

svstems, and even between units of the same

® Recorn, July, 1952, page 277. t June. 1954, page
215.
264

around which a servicing center may be set up—

double-sideband transmission, with inexpensive and
fairly simple filters. Tvpe-O, on the other hand, is
a two-wire svstem for open-wire lines. It actually
consists of four separate four-channel systems op-
erating in different frequency bands, but which are
otherwise very similar.
mission in a 4-ke band, and the filters are necessarily

It uses single-sideband trans-

rather complex. A more recent development, tvpe-
ON, uses both N and O equipment plus some units
specially designed for ON. It uses the 4-ke band-
width of type-O to provide twenty channels on
four-wire cable circuits and on circuits combining
both cable and open wire. A servicing center for
all three svstems must be quite versatile to provide
tacilities for testing such a varicty of equipment,

Essentially,
these carrier

the servicing center developed for
systems simulates factory test condi-
tions for all of the plug-in equipment. Test equip-
ment consists primurily of a 5U servicing-center
test set, vacuum-tube voltmeter,
volt-ohm-milliameter. An oscilloscope and a fre-
quency counter are also available at large servicing

oscillator, and

BELL LABORATORIES RECORD
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ccuters. The specially designed test set. Figure 1.
can be used to set up about one hundred different
te it conditions for about forty different units.

The wnit being tested is held by an adjustable
cliimp, and connected by a test cord. Any of the
te:t conditions required for the unit can be ob-
ta ned by turning the switch dials on the test sct
to the proper position. 1t trouble is indicated. it
can usually be localized Iy measuring the voltages
at certain strategic points in the unit. Generally.
to- such work the input power is applied continu-
ously while the vacunm-tube voltineter is used to
measure the voltages. Charts show just where to
plysically locate the strategic points, where they
are in the circuit, and what the voltages should be.
Tle volt-ohm-milliameter is a valiable aid in lo-
ca ing nearly all kinds of trouble. An oscilloscope is
particularly valuable i locating trouble in circuits
wlere wavetorm is important, such as the signal-
ing circuit. The principal use of the frequency coun-
ter is to check the frequency of the O and ON
ca rier-supply and signaling oscillators.

Fest equipment in the 3U test set includes two
ne v independent switching circuits, a loop-hack
an plifier, a crystal oscillator, and apparatus neces-
sary for testing carrier system sign;lling circuits.
Fiure 3 shows the test set chassis removed trom
its cabinet and turned on its side. The built-in test
eq ipment is located on the shelf. Switches A and
B, Figure 1, can set up 36 different test conditions
for N, O, and ON channel units and their subas-
seriblies. The switching circuits are made simpler
amd more flexible by having cach switch perform a
sep arate tunction. Switeh A is used only to conmect
leals tfrom the built-in and any external test equip-
ment to the unit under test. Switch B sets up the
patticular conditions required for the test. For ex-

Fig. 1

The test set used at the servicing center.
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ample. it puts the correct termination on  the
vacuum-tube voltmeter and sets up the ditferent
signaling test conditions, Switches C and D, in like
manner, can set up about 60 different test condli-
tions for group, repeater, oscillator, and filter units.

The method of making transmission tests is shown
in Figure 2, Test power from the external oscillator

WACUUM-
TUBE
VOLTMETER

%

= 1354 ] CALIBRATE
KEY
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4 K J \
il

({108 < 1008
y|sters s STEPS
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-'—1 CIRCUIT J_"'“
SEND Vil

SWITCHING CIRCUIT
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I_*J L,

S
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AND REPEATER TESTS

SWITCHES C 8 D

ok Ly .
¢ Csenp REC | | SEND REC
v - v
bt et
I [ ¢
s ] [ e ]
UNIT UNDER TEST
Fig. 2 — Thetest set arranged for transmission tests.

is connected by the appropriate switching circuit
to the input of the unit under test and the resulting
output is commected to the vacuum-tube voltmeter.

Tests on channel wnit signaling equipment are
made in a similar manner, except that the test signal
is a source of dial pulses and the capability of the
unit under test to reproduce the dial pulses is meas-
ured by a “per cent break” meter. When over-all
transmission or sign;lling tests are made on a com-
plete channel unit, a loop-back amplifier is con-
nected between the transmitting and receiving scc-
tions of the unit so that they can be tested in tandem.

An interesting problem in the design of the test
set was that of reducing the coupling between the
low-level input and the high-level output leads of
the switching circuits. Since coaxial wire is used
and only the center conductor is switched, the
shiclds are connected together by permanent ties

Lo
[on)
It
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Fig. 3 — J. C. Donaldson points out the close group-

ing of ground leads in the test set.

to complete the ground return paths. This compli-
cates things because the different carrier units
utilize the jack terminals in different wavs: a con-
ductor and its associated ground return paths may
be in the high-level part of the switching svstem
in one test and in the low-level part in another.
Figure 4 shows that the ground return paths were
completed by comnecting each end of each shield
individually to a common low impedance ground
point. Thus each individnal coaxiul shield and its
associated ground leads are isolated from all the
others. Regardless of how the switches are set, the
high level ground return current from the voltmeter
will return to its starting point at the amplifier out-
put without flowing through any input ground
return paths. This is important because the coaxial
shields have appreciable impedance at the higher
frequencies and any strav current would  build
up a crosstalk voltage, The effective isolation of
the input circuits and of the output  circuits

THE AUTHOR

permittcd €4 more complicatc(l switching (lcsign.

To keep the ground impedance low in the 53U
test set, the 30 ground leads are connected in 28
holes in a bus bar area 2 inches by % inches. The
leads involved in the critical tests are kept within a
%-inch length on the bus bar. Thus the 200-ke
coupling from this source is held to a loss of at least
90 db when the terminating impedances are 135
ohms. The ground leads have some impedance,
and currents rcturning to ground tln’ough them
could possibly cause some crosstalk. To prevent
this, the ground leads themselves are also shiclded
wires, one end of cach shicld being connected to
the common ground point. The over-all crosstalk
coupling is thus held to about 90 db.
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Fig. 4 — Final arrangement of coaxial cables and shieldec

ground leads in the test set.
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Awrtnur L. Bonxer received the degree of B.S. in E.E. from the University
of Minnesota in 1927 while working for the Northwestern Bell. He then joined
the Laboratories where he spent a vear in the switching development group
concerned with step-bv-step switching. Since that time Mr. Bonner has been
in transmission development, engaged in the development and  testing of
voice-frequency and radio program  circuits, radio telephone  circuits trans-
mission [eatures of four-wire switching circuits, and carrier equipment. He holds
patents on a circuit for reducing signaling interference into carrier channels

and on a circuit now being used in automatic toll testing. Another patent has
been filed on the method of reducing crosstulk in the svstem deseribed in this

article,
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( \1*1 L‘lfi .
Transcerter and

Dilling Inde.ver

R. P. FOLTZ and G. F. SOHNLE Switching Svstems Development

By permitting more people to dial their own long distance calls, Cen-

tralized Automatic Message Accounting is aiding the expansion of nation-

wide customer dialing. When accounting equipment is eentralized, however,

thc number of different combinations of billing situations is multiplied

many times. Transverter and billing indexer circuits reduce these eombina-

tio s to a workable number and cause to be punched on the AMA tape

a ringle digit indicative of the rate used in charging for a ¢all.

A8 asstep toward nationwide dialing of telephone
cal s by the customer, the telephone svstem must
provide equipment for antomatically recording in-
formation about the call for billing purposes. This
is i1 addition to its primary tunction of establishing
connections between  customers.  Automatic Mes-
sag > Accounting (AMA) Tor local crossbar offices
wat introduced several vears ago as the first phase
of the over-all plan, and its use is now quite wide-
spread. More recentlv. ANA on a centralized basis,
or CAMAL® has been developed. \With CAMA, the
recording equipment is placed at a central point
so that it can be used by a large number of local
offices, an advantage where the traffic is not suffi-
cier t to warrant individual office ANIA facilities.

The transverter and billing indexer are links in
the complex switching network necessary for the
reecrding of CAMA calls (see Figure 2 for a sim-
plifizd version). A “transverter” is used to “trans-
mit and “convert” the information involved in the
eventual billing of the call. This information s
reccived from the sender and includes the calling
and called customers” numbers. By means of the
“billing indexer,” the transverter derives information

? Rkcorb, July, 1954, page 2412 October, 1954, page 371;
May 1955, page 193, and June, 1955, page 223
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about the calling office, directions concerning the
amount of information to be recorded on the AMA
paper tape, and the message-billing index.  This
index is used in the accounting center to aid in
choosing the proper formula for billing the customer.
For example, the call may be one which is to he
charged for on a message-unit basis — perhaps three
message units for the first five-minute talking period
plus one unit for each threc-minute additional
period — or the call may require detailed billing on
a toll statement. In anv case, the billing index as
determined aids the accounting center in property
billing for cach completed call.

The functions of the transverter and billing in-
dexer are so closelv related that the two units could
be regarded as a single entitv. However. the oper-
ating time of the billing-indexer function is short
compared to that of the transverter, and for rea-
sons of economy the billing indexer is theretore
made a separate unit and is connected to the trans-
verter for a comparatively briet period. In this wayv
only three billing indexers are required per tandem
office, whercas up to twelve transverters mav be
necessary.  In actual amount of equipment saved,
the difference is even more striking. since the bill-
ing indexer is abaut two or three times as large

wwWw americanradiohistorv com
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as the transverter, depending npon the tvpe of trat-
fic to be handled in the CAMA tandem office.

The transverter and billing indexer trames have
been designed along the lines of other frames in
crosshbar tandem offices. In some cases, an addi-
tional frame is used to supplement the billing in-
dexer frame. The transverter is equipped with
relay casings on the front, and with removable steel
covers to provide protection on the rear. Relay
protection on the billing indexer is provided by
individual steel covers on cach mounting plate.

In many respects the function of the transverter
in CAMA is similar to transverters used in No. 1
crossbar and No. 5 crossbar systems: that is, the
transmission of the information to be recorded on
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rBAESSAGE

ORIGINATING
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Fig. I —Diagram
MUMBER showing flowe of infor-
the

transverter and bill-

mation through
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INDEX

ing indexer.
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ENTRY

T
' RECORDER
« 7

e
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H ITAPE

e

the tape is essentially the sume. Obtaining the bill-
ing information is more complex, however.

Local office ANMA equipment is required to ob-
tain the message billing indexes of calls originating
in a maximum of ten offices in the same building,
A CAMA tandem office, however, may handle calls
originating in a maximum of two hundred oflices.
These offices may be located in as many as three
different numbering-plan areas and may place calls
through crossbar tandein to offices in the same three
areas on a message-unit or detailed-billing basis as
roquir(‘d. Other terminating areas may be reached
through CAMA on the detailed-billing basis only.

In more detail, the circuits function as indicated
in Figure 1. The customer dials the called number

CAMA

FROM To
ORIGINATING TERMINATING
__OFFIcE INCOMING SWITCHING OFFICE _ _
— TRUNK EQUIPMENT —
Fig. 2— Block dia-
== gram showing posi-
SN TRANSYERTER iAol | tion of transverter and
[P’ 3 . . - .
L T billing indexer in a
i crossbar tandem
CAMA office.
TAPE
CAMA
SWITCHBOARD
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and gives his own number to the CAMA operator,
who in turn keys the calling number into the sender.
The sender then passes the calling and called num-
bers to the transverter, together with the number
of the recorder that will perforate the tape.

The transverter summons the billing indexer
throngh the billing indexer connector and transters
to it the calling and called office codes and the
recorder number. From this information the billing
indexer caleulates the message billing index, the
originating office index, and the type of initial entry.
The transverter in turn engages the appropriate
recorder and causes it to perforate the initial entry
on the tape.

The message billing index is a single-digit num-

limited to 3.750, which is considered to be adequate.

The originating and terminating rates are com-
bined by means of cross-connecting “jumpers” and
relay operations as shown graphically in Figure 3.
In this illustration, jumper A serves to connect a
terminal representing the originating office code
to one of the fifty terminals corresponding to the
originating  rate (ORT).
jumper B oconnects a terminal  representing  the
terminating office code to one of the seventv-five
terminals  corresponding  to the terminating rate
treatment (TRT). A relay corresponding to the
originating rate treatment operates to combine the
ORT and TRT points into one of the possible 3.750
combination rate treatinents (CRT ). Jumper C then

treatment Likewise,

ORIGINATING RATE
TREATMENT
(ORT})

TYPICAL
JUMPER

n CORRESPOMDS

COMBINATION RATE PERFORATCR:

[=]

s o O\ A CRIGINAT| NG TQE?;M)ENT PUNCHES BILLING
ORIGINATING i N RATE (CRT INDEX ON TAPE

OFFICE CODES - C TOOAN | AN TREATMENT A
c | 3
‘&) & \ TERMI 5 ¥

[=]

o

=]

e ————
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) 8
' sumeer,” o 7
] e / :
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TERMINATING RATE TERMINALS // 3
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(TRT) 4 .
, e —— ——
" By Tveical B 4'
ACH M UvPE R | MESSAGE
TERMINAL | a HEAEVENEE S BILLING INDEX
TERMIMATING CORRESEOND | TERMINATING (0-9)

OFFICE CODES TO A
TERMINATING
CODE

Fig. 3

ber (0-9) that is perforated on the ANA tape for
aiding in the determination of the charging rate for
AMA calls. The flow of information on Figure 1
indicates that the billing indexer combines the call-
ing office code and the called oflice code to deter-
mine the message-billing index for the call. Since
there mav be as many as two hundred originating
office codes completing calls to terminating offices
on a message-unit basis, the number of possible
combinations of originating and terminating office
codes could be very large. Therefore, to provide
a reasonable limit to these combinations, a group-
ing arrungement composed of a maximum of fifty
originating rate treatments and seventy-five termi-
nating rate treatments is provided. Thus the maxi-
mum number of rate treatment combinations s

JULY, 1955

/4 RATE
// TREATMENT

TEAMINALS

Diagram showing method of deriving billing index.

cross-conneets the proper CRT terminal to one of
the message billing index terminals for eventual
perforation on the tape as a digit 0-9. This num-
ber is used by the accounting center machinery in
its final billing computations.

The originating office index is a single-digit num-
ber perforated on the AMA tape, and, when con-
bined with the number of the recorder group, it
identifies the originating office code. Each group
of recorders can handle up to ten originating offices.
If, for example, trunks from office Cllelsea 3 are
assigned to recorder group 120 and it the office in-
dex is S, the combination of 12 and 8 on the tape
serves to identify the office to the acconnting center
machinery, Likewise, office Cllelsea 2 could be
identified as 12 and 7, and so on.
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The bilhing indexer, from the kind of call being
processed, also tells the transverter the fype of
initial entry required on the tape. Message-unit
and  detailed-billed  calls.
because of the additional details involved, require
four lines on the tape. Both the office index and
type of entry are derived in the billing indexer by
cross-connecting methods similar to the one illus-
trated in Fl("lll(‘ 3. The answer
tries necessary to complete the record of the call are
made without further use of the transverter and bill-
ing indexer.

calls require two lines,

and discommect en-

To ensure that correct billing information is per-

forated in the iitial entry on the ANA tape, the

transverter, billing indexer, and recorder circuits
also function to detect troubles that mav ocenr with-
in these cirenits as well as in the information re-
ceived.

billing indexer, or recorder circuits, the transverter

[t trouble is detected by the transverter,

will block the call and engage the transverter
trouble indicator circuit, which is arranged to re-
cord, by lamyp indications, information that will en-
able the maintenance people more casily to trace
the tronble. Upon completion of a trouble record.
the transverter requests a release from the trans-

THE AUTHORS

verter connector, which in turn arranges for a cail
to be given a second trial, usually with a different
trunsvérter.

If a call encounters trouble on a second trial, the
transverter may take either of two actions, (lepcnd-
ing upon the information it has received from the
billing indexer. First, it the transverter receives
a detailed-bill initial entry indication or does not
receive any initial entry indication from the billing
indexer, it provides a swnal to the sender ll](ll(‘dtl]]”
that the call should not be established. Second, if
the transverter determines from the billing indexer
that the call requires a message-unit type of entry,
it provides a signal to the sendel indicating that the
call should be completed.

In addition, the transverter
to perforate a “cancel entrv” in all cases w here par-
tial pertoration of the initial entry was made prior
to the detection of trouble. This cancel entry notifics
the accounting center equipment that an incomplete
initial entry should be expected.

causes the recorder

Equipment pertorming functions similar to those
of the transverter and billing indexer will un-
doubtedly be required when CAMA is extended

to other switching svstems.

Rarra P. FoLrz received his B.S. degree in Electrical Engineering from

Rose Polytechnic Institute in 1948, and in the same vear joined the Engineering
Department of the Tlinois Bell Telephone Company. During the period 1951
to 1933 he was with the Laboratories in the S\Vltdnnq S\’Gtvms Development
Department, where he worked chiefly on circuit design for the CAMA billing
indexer. In April of 1953, Mr. Foltz returned to lllmms Bell, where he has
held positions in the Plant Extension Engineering Department and in the
Equipment Enginecring Department. Mr, Foltz is an associate member A.LE.E.

G. F. Sonxee joined the Svstems Development Department of the Labora-
tories in 1921, After completing a training course for technical assistants, he
transferred to Equipment Development as a trial installation engineer and
Jater as an analvzation and PBX equipment development engineer. During
the war vears he engaged in the development of long transmission lines for
the armed forces ‘md in the development of airborne radar, Following the war
he resumed PBX development and then participated in the (le\clopmcnt of
automatic message accounting center equipment. At present he is Cngaged
in the application of centralized message accounting and toll facilities to cross-
bar tandem offices. Mr. Sohnle received the E.E. degree fromn Polvtechnic
Institute of Brooklyn in 1933
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Broadband

Test Oscillator
Jor the .3 Coavial
Carrier System

J. 0. ISRAEL

Transmission Systems Development 11

To guarantec the best possible serviee to its customers, the Bell System con-

stantly inspects, checks, and tests its telephone and television plant. Fre-

quently, this job can bhe done with readily available equipment. As new.

complex systems are developed, however, it is often necessary to design

special testing apparatus. A versatile broadband oscillator for direct testing

of the L3 coaxial carrier system and for calibrating other test equipment is

one such development.

As new cwrrier systems are developed and put
into use i the Bell Svstem, complete testing appara-
tus must be provided for svstems maintenance.
Since the operation of many of these testing units is
based on the measurement of a frequency or fre-
quencies, in one way or another, some means must
also be provided to calibrate the units quickly and
accuratelv. This is done by a special test oscillator
developed for cacly system. Such oscillators are also
use directly in testing sections of the coaxial line by
transmitting  selected tones of precise frequency
along the segment in question.

With the development of the broadband L3 co-
axial carrier svstem, a new oscillator with a range
of nearly ten megacveles — 50 to 10,000 kiloceveles —
was required. The 36A oscillator was designed to
answer this need.

Although there were signal generators available
that covered the desired frequencey range, a number
of auxiliary requirements made it necessary to de-
velop this new tvpe. Since the voice channels in the
L3 svstem extend from one end of the carrier fre-
queney band to the other, and sinee all voice chan-
nels are of uniform band width, no one part of the
h’cqn(-ncy spectrum is more imp()rmnt than any

JULY, 1955

other. This condition makes it desirable for the test
oscillator to have a linear rather than the more usial
logarithmic scale.

The oscillator output trequency is designed to be
stable to =20 ¢ps over a ten-second interval to
facilitate testing. Also, the generated frequencies
are essentially free of harmonics which could cause
results.  Additional
placed on the output level of the oscillator. Since
power level differences as small as 0.01 db must be

incorrect rcquir('ments are

measured in carrier calibration, the output of the
oscillator must be held constant to within 0.005 Jb.
For convenience in testing, the ontput level must be
adjustable to =2 db from the normal output — zero
dbm — by intervals as small as 0.01 db.

To meet these requirements as well as several
others, the 564 oscillator, illustrated in Figure |
was designed as a heterodyne tvpe, equipped with a
film scale 200 inches long. A block diagram of this
oscillator is shown in Figure 2. Basically, the circuit

3

consists of two local oscillators. two high-frequency

{tbove — R. P. Muhlsteff, right, who did the me-
chanical design of the oscillator, checks the opera-
tion of a laboratory model wcith the author.

(893
&l
—
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arrangement of meters and operating controls.

[ — Panel view of 564 Oscillator showing

amplifiers, a modulator and a power amplifier. One
local oscillator is adjustable in frequency from 80 to
90 me and the other is fixed at 90 me. After amplifi-
cation, the outputs of these two oscillators are inter-
modulated to provide a number of modulation prod-
nets  including  the  difference frequency.  This
difference frequency is selected by a filter, ampli-
fied, and used to provide the oscillator output. The
()ulput fr(*quvncy then varies from zero to ten mega-
cveles as the frequency s
changed from 90 to 80 mc.

To obtain the desired frequencey output, the oper-
ator first sets the pointer on the megacvele dial
shown at the lower right of Figure 1. II(' then oper-
ates a switeh that contmls a4 motor which drives the
oscillator to the approximate preset value at the rate
of 500 ke per second. A closer setting to the desired
frequency is then obtained on the film scale by oper-
ating the tuning knob marked ivcreask: located near
the lower center of the figure. Calibrated offsets
from this frequency can be nm(lc by the INCREMENT

variable oscillator

k¢ dial shown at the lower left, This dial has a range
extending from -5.5 to 4-10.5 ke. The ontput level
is indicated in dbm on the meter at the upper right.
This level is adjusted over the indicated =2 db
range by means of the control knob located above
the meter. The test meter and switch in the upper
left corner are provided to facilitate maintenance on
the oscillator itself.

Since the output frequency of the oscillator is the
difference between the two local oscillator frequen-
cies, these local oscillators are made as nearly iden-
tical as possible so that variables snch as tempera-
ture change effects will cancel out. The variable

o
il
(4]

local oscillator tuning inductors consist of two short-
circuited coaxial tubes having a total inductance of
approximately 0.03 microhenries and a Q of 1,000
or more. The tuning capacitor, encased ina hvu\'_v
brass casting to minimize the coffects of short-time
tomporutnrd chung(‘s, consists of two sets of inter-
leaved fixed plates with a set of rotor plates hetween
them. The capacitance is variced from approximately
100 mmf to 140 nunf to vary the frequency from
90 to 80 mc.

The fixed 90-mc local oscillator is similar to the
adjustable oscillator except that the capacitor doces
not contain a rotor. A small variable air capacitor is
connected to the frcqu(‘ncy (1(‘tcrmining network,

r “tank” circuit, of this oscillator to provide the 1x-
CREMENT KC adjustment. At the time of their manu-
facture, these oscillators are adjusted to 90 me =1
ke, Experience with a number of oscillators of simi-
lar construction has indicated that this frequency
will shift less than 50 ke over a period of vears.

To keep an oscillator of this tvpe in adjustment,
two frequency checks are required: one near the
lower end of the scale, and one about two-thirds of
the way to the higher end. An adjustment at 100 ke
was chosen to take care of the low-frequencey check
and another at 7.266 ke tor the high-frequency end.
The latter value was selected because it corresponds
to the frequeney of a pilot tone used in the 1.3 svs-
tem, and henee adds to the nsetulness of the oscil-
lator. Anv small change in the frequency of the
fixed local oscillator (lne to aging, can be compen-
sated for by adjustments at l()() (m(l 7.266 ke.

{ ‘ B
80 TO 90MC
ADJUSTABLE L"y nliel)

QUTPUT

FREQUENCY
LOCAL
OSCILLATOR SRR B
3
i
1
i
| -
1 i POWER
§[MODULATOR I sBLIFIER
]
1
|
]
SR e
1
90 MC HIGH . 4 AUTOMATIC
FIXED LOCAL }— FREQUENCY | et
OSCILLATOR AMPLIFIER CONTROL

Fig.
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The 100-ke adjustment controls a small capacitor
in the variable oscillator tank circuit. Since at 100
ke the frequencies of the two local oscillators are
verv nearly equal, this can be considered a 90-me
adjustment.  Actually, this adjustment cstablishes
the difference between the two local frequencies
rather than their true values. As the oscillator fre-
quencey s changed to 7,266 ke, the frequency check
indication may not occur at the indicated frequency
on the filin. “stretching” or
“shrinking” of the range is required, and the 7.266-
ke a(l|nstm(’ut is ])]()\l(](‘d for this purpose. This ad-

This means that a

justment produces small changes in both the capaci-
tance and mductance of the variable oscillator tank
circuit, and is so designed that it has very little
effect on the oscillator frequency at 100 ke. This
facilitates adjustment. The frequency checks are
made against a 100-ke tuned cireuit and a 7,266-kce
quartz crystal. built into the oscillator.

The output level is controlled automatically to
reniain constant within 0.1 db over the entire fre-
quencey range, and within 0.005 db at any single fre-
quencey. This is done by means of the automatic
volume control circuit that serves to diminish any
changes in the output level by about 60 db.

A test meter is used to maintain the broadband
together with a 17-position
switch, measures supply voltages, space currcuts of
the oscillator and amplifier tubes, and the action of
the automatic level control. Tt also acts as a fre-
quency check indicator. By means of this meter it

oscillator. This meter,

is possible to monitor the operation quickly without
checking inside the oscillator.

In addition to its use in L3 svstem testing and
maintenance, the 56A oscillutor has served as the

THE AUTHOR

Fig. 3— K. I\

design of the local oscillators, checks the aciring

Rodgers, wcho did the mechanical

on an experimental unit.

prototype for a wider band oscillator operating from
50 ke to 20 me. This offspring of the 56A has been
used in transmission and phase measuring sets that
were important in expcrim(‘utul and ])mduction
testing of L3 component apparatus.

The 367\ oscillator is now in production by the
Western Electric Company. Seven models have heen
in operation for the L3 installations and will remain
at strategic locations tor maintenance purposes.

J. O. Isragr joined the Laboratories in 1928 and was engaged in the de-

velopment of filters and networks tor carrier telephone systems until 1942,
During World War 11, he worked on a submarine detection device i the
Magnetic Airborne Detector),
active in the development of heterodyne oscillators and a high-precision ceryvstal

and other war jobs. Since 1943 he has been
oscillator. He is currently en(nwe(l in work on freque n(\-u)ntml systems.
Mr, Israel received the demvv of B. S. in clectrical engineering from Lahl\ otte

College in 1927, and spent the following vear doing madu&te work at Yale

Universitv, for which he received the Master's degree in ]93().
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New Military
Carrier

Telephone System

Bell Telephone Laboratories has recently an-
nounced a new combination radio and cable carrier
svstem designed for the Signal Corps. The radio
equipment is designated the AN/TRC?-24, and the
cable units bear the labels AN/TCC#t-3, 5, 7, 8, and
11, All are now in production by the Western Electric
Company.

Interconnected radio and cable carrier commumi-
cations are not new to the military, but this is the
first time that carrier and radio systems were devel-
oped simultancously to insare that adequate per-
formance is obtained using both transmission media.

® “Army-Navy/Transportable Radio Communications.”
P “Army-Navy/Transportable Cable Communications.”

Vital military messages can now be telephoned over
the system via terminals and both attended and un-
attended cable repeaters, and, where conditions
merit, transferrect at will to radio portions of the
overall network. Various lengths of cable and various
numbers of radio stations can be quickly inter-
changed or interspersed. By proper grouping of
equipment, communications distances of SO0 to 1,000
miles aned greater can be achieved.

The design stressed integration between the cable
carrier and radio. ruggedness, reliability, and porta-
bility. None of the individual portable cases exceeds
120 pounds in weight, and all Lave withstood severe
vibration and physical shock tests.

The radio equipment, including a 45-foot mast for
the transmitting and receiving antennas, is trans-
ported in cighteen causes. In combination with the
carrier terminals, it provides either four or twelve
telephone message channels and one maintenance
chamnel on a radio frequency located anvwhere in
the 100- to 400-me range. Complete radio sets with
antennas are placed at intervals of about 25 to 30
miles for line-of-sight transmission. As many as
eight radio links mayv be used in tandem.

The cable sections use a new tvpe of “spiral-four”
cable developed for the Signal Corps. This cable

Ticelve-channel cable svstem terminal. AN/TCC-T.

BELL LABORATORIES RECORD
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Lowering AN/TRC-21
antennas:  gin-pole
and  block-and-tackle
gear permit quick
raising and lowcering

of entire assembly.

consists of four insulated copper conductors spiraled
around a very small central polvethyvlene core und
jacketed with a vinvl compound in which is im-
bedded a stainless steel braid. It is laid in quarter-
mile lengths. The foar-channel svstem, using
terminals AN/TCC-3 and repeaters AN/TCC-3, pro-

N e T

Four-channel cable terminal. AN/TCE-3,

vides four message chanuels and one maintenance
channel. This svstem uses loading coils at the june-
tions between cable sections. It may he operated at
distances up to 100 miles between terminals with
repeaters spaced at intervals of 25-35 miles. A termi-
nal is housed in two carrving cases and a repeater

in a single case.

Testing unattended  repeater for  telve-channel

cable carrier svstem.

JULY, 1955

Alonger-haul, twelve-channel cable carrier system
was also designed. Distances np to 200 miles hetween
terminals are possible with non-loaded cable see-
tions. AN/TCC-7 terminals are separated by AN/
TCC-8 attended repeaters at 40-mile intervals and
by AN/TCC-11 unattended repeaters at 6-mile inter-
vals. The twelve-channel routes will ordinarily be
used for heavy long-haul traffic, with four-channel
routes as branch circuits to outlving terminals. Trans-
mission (1nallit'\" over an 800-1,000-mile circuit is as
good as that over the longer distance Bell Svstem
circuits. Nine cases of equipment comprise the
twelve-channel terminal; five are used for the at-
tended repeater: and the unattended repeater is en-
closed in a single evlindrical housing.

The accompanving illustrations show a recent
demonstration of the new svstem. All components,
including the antennas and mast of the radio svstem,
can be quickly assembled by a crew of three or four
men. Twelve message channels operating in such a
versatile manner should constitute @ major contribu-
tion to better militan"\' communnications.

G. Robwix axp G. H. Huser
Milit(uy Connmnunication Decelopment 1
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J. DB, Fisk, . 1. Green
Ilected to New Post:

]. B. Fisk

E. I. GREEX

James B. Fisk, Vice President in charge of Re-
scarch of the Laboratories, has been elected Execu-
tive Vice President with direct responsibility for
all of the Laboratories’ technical activities, and E. 1.
Green, Director of Military Communication Sys-
tems, has been elected a Vice President of the
Laboratories and heads a new vice-presidential area
with responsibility for Svstems Engineering. The
app()intnwnts became effective A]un(‘ 1.

As a result of the re-allocation of the work, several
new  general  department heads have also been
named.,

In his new post Dr. Fisk continues to report to
Dr. M. |. Kelly, President of the Laboratories. |. E.
Dingman, Vice President and General NManager,
continues his direct responsibility for all non-techni-
cal activities of the Laboratories. All other Labora-
tories Vice Presidents report to Dr. Fisk, who also
continues in his present position as Vice President
in charge of Research,

Janies B. Fisk

Dr. Fisk joined the Laboratories in 1939. At the
beginning of World War 11 he was selected to head
a group in the Laboratories to develop the newly
discovered microwave magnetron for radar use.
After the war, he was placed in charge of electronics
and solid state rescarch. It was work in this arca
that resulted in the transistor inventions at the Labo-
ratories and the greatly increased interest in and
importance of solid state science and technology.

In 1947 he became Director of Rescarch of the
newly created U. S, Atomic Energy Commission and
simultancously Gordon McKay Professor of Applied
Phvsics at Iarvard University. 1le is now a member
of the General Advisory Committee of the Atomic
Energy Commission as well as the Science Advisory
Committee of the Office of Defense Mobilization.

In 1949 when he returned to the Laboratories

Other Organization

Changes Announced

from the Atomic Energy Commission and Harvard,
Dr. Fisk was placed in charge of research in the
ph}'sicul sciences.

Dr. Fisk received his bachelor’s and doctor’s de-
grees at MULT. From 1932 to 1934 he was a Proctor
Travelling Fellow at Cambridge Universitv, and
from 1936 to 1938 a Junior Fellow in the Society of
Fellows at Harvard. He served as Associate Profes-
sor of Physics at the University of North Carolina.

Dr. Fisk has served on government conmittees
and other advisory boards, both during and since
the war. He is a Fellow of the American Physical
Socicty, the Institute of Radio Engineers, and the
American Academy of Arts and Sciences. and was
recently elected a member of the National Academy
of Sciences.

Estine 1. GREEN

Estill 1. Green has had a long and varied career
that includes nearly thirty-five vears with the Bell
Svstem. Before his appointment as Director ot Mili-
tary Communication Systems in 1953, he had served
as Director of Transinission Apparatus Development
since 1948,

Mr. Green received an AB. degree from West-
minster College  (Fulton, Missouri), engaged in
graduate studies at the University of Chicago and
returned to Westminster College as Professor of
Greek. During World War [ he saw overseas serv-
ice as a captain of Infantry and after the war re-
ceived the degree of B.S. in Electrical Engineering
{summa cum lande) from Iarvard University,

Joining the Development and Rescarch Depart-
ment of the A. T. & T. Co. in 1921, he became con-
cerned with Svstems Engincering work ou multiplex
telephone and telegraph systems. In 1934 he was
transferred to Bell Telephone Laboratories, hecom-
ing Carrier Transmission Engineer in 1938.

During World War I1, Mr. Green was responsible
for the development of microwave test equipment

BELL LABORATORIES RECORD

www.americanradiohistorv.com


www.americanradiohistory.com

for radar systems, radio monitoring and jamming
equipment. Following that war he was named Assist-
ant Director of Transmission Development with
responsibilities including short-haul carrier, general
carrier and broad-band carrier terminals, voice-
frequency svstems, and various types of transmission
testing systems.

Mr. Green is a Fellow of the American Institute
of Electrical Engineers and of the Institute of Radio
Engineers.

OTHER ORGANIZATION CHANGES

New general department heads reporting to Mr.
Green are M. L. Almquist, named Director of Sys-
tems Engineering I, P. W. Blye, named Director of
Systems Engineering II, and F. J. Singer, named
Director of Systems Engineering III.

Heading a new general department reporting to
Vice President G. N. Thaver is J. A. Morton, with
the title of Director of Device Development. M. B.
McDavitt continues as Director of Transmission
Development. Also in Mr. Thaver’s area, G. W. Gil-
man has been appointed Director of Telegraph,
Signaling and Special Systems Development and
heads a new general department for the develop-

ment of special systems, including telegraph, data,
signaling and control systems.

In Vice President W, C. Tinus” area of work for
the military, R. R. Hough heads a new general de-
partment as Director of Military Electronics Devel-
opment ]I

P. S. Olmstead Appointed by Rutgers

Paul S. Olmstead, statistical consultant for the
Laboratories, has been appointed an Honorary
Professor of Statistical Quality Control in the Math-
ematics Department of University College, Dr.
Lewis Webster Jones, Rutgers president announced
recently.

Dr. Olmstead, who has been a pioneer in the
development and operation of statistical quality
control, joins Walter A. Shewhart of the Labora-
tories in serving as an Honorary Professor of Statis-
tical Quality Control at Rutgers. He will serve on
committees in connection with the graduate pro-
gram in Applied Statistics, give special lectures, and
advise on research problems and new courses in
that program. Dr. Olmstead has been associated
with the Laboratories since 1925, most recently as
a consulting analyst on major military projects.

Patents Issued to Members of Bell Telephone Laboratories

During the Months of March and April

Anderson, A. B. — Cutaneous Signaling — 2,703,344.

Anderson, A. E. — Gas Discharge Transmit-Receive Switch —
2,706,263,

Anderson, A. E. — Storage Tube Circuit — 2,706,264.

Babcock, W. C. — High Gain Antenna — 2,708,779.

Best, F. 11. — Method of Constructing A Helix Assembly —
2,706,366,

Bjornson, B. G. — Two-Step Lockout System — 2,706,221.

Bjornson, B. G. — Transistor Lockout Circuit — 2,706,222,

Brewer, S. T. — Electromechanical Switch — 2,706,756.

Goss, F. A., Jr. — Mechanical Stabilizer for Supporting Radar
Antenna — 2,706,781.

Haskell, F. V., Sutton, S. M., and Walter, O. L. — Method
and Apparatus for Installing Aerial Cable — 2,703,218,

Hensel, W. G. — Crystal Controlled Oscillators — 2,706,783

Holden, L. T. — Coin Signal for Telephone Pay Stations —
2,705,472,

Kleimack, J. J., and Trent, R. L. — Semiconductor Sig-
nal Translating Devices and Method of Fabrication —
2,705,768.

Krom, M. E. — Testing Small Pricate Branch Exchange Trunk
Groups — 2,706,749,

Lewis, W. D. — Directive Antenna Systems — 2,705,754,

Lovell, C. A., und Murphy, O. ]. — Polytonic High Speed
Calling Signal Generator — 2,706,223,

Mason, W. P. — Polarization Process for Pseudocubic Ferro-
electrics — 2,706,326.

Miller, R. L. — High Speed Continuous Spectrum Analysis -
2,705,742,

Mills, J. K., and Ross, W. §.
2,706,258,

Mumford, W, W. — Broad Band Microwave Noise Source —
2,706,782,

Mumford, W. \WW. — Noise Source — 2,706,784.

Murphy, O. |, see Lovell, C. A.

Ross, W. S., see Mills, J. K.

Sutton, S. M., see Haskell, F. V',

Tavlor, E. R.— Scanning Panoramic Receiver System
2,704,325.

Teal, G. K. — Method of Producing a Semiconductor Ele-
ment — 2.703,296.

Townes, C. H. — Frequency Selective Systems —2,707,235,

Townes, C. H.— Frequency Stabilization of Oscillators —
2,707,231,

Trent, R. L., sce Kleimack, J. |.

Walter, O. L., see Haskell, F. V.

Wrathall, L. R. — Pulse Regeneration — 2,703,368.

-Voltage Testing Circuit —

JULY, 1953
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I'ellowship Program Announced

The Laboratories announced recently the estab-
lishment of a fellowship program through which it
will grant funds for students doing graduate study
in electrical communications.

To be known as Bell Telephone Laboratories
Fellowships, the awards are for study of one or two
vears, leading to a doctorate, Each fellow ship carries
a grant of $2,000 to the fellow, and an additional
$2.000 to cover tuition, fees and other costs to the
institution at which he chooses to study.

Recipients of the fellowships will not be required

limit their study to electrical engineering, al-
though the field of studv and research must have a
bearing on electrical communications. They
for example, pursue various branches of mathe-

may,

matics, ph_\fsics, chemistry, engineering mechanics
and mechanical engineering. Fellows may choose
anv academic institution within the United States.

The new awards continue a ten-vear program
of the Bell Svstem in aiding gmdnate study. The
program now being concluded is known as the

Frank B. Jewett Fellowships awarded since 1945 to
post-doctoral students in the physical sciences. The
Jewett awards were set up to honor the late Dr.
Frank B. Jewett, who retired in 1944 from Bell
Telephone Laboratories, which he had headed from
its organization in 1925. Dr. Jewett had also served
as Vice President of the American Telephone and
Telegraph Company, where he was in charge of
development and research. A trust fund, administer-
ed by Bell Laboratories, has provided for the fellow-
ships. In the last ten years, 51 one-vear awards have
been made to 41 students, ten awards having heen
made to the same persons for a socml(l-_\'ear contin-
uation of their research.

Their researches have been carried on at 14
separate institutions. Five Jewett Fellows are cur-
rently completing their final fellowship vear. Of the
others, all but one have entered university teaching,
and several are now full professors. The Jewett
awards were about evenly divided among the fields
of chemistry, mathematics and physics.

Talks by Members of the Laboratories

During May. a number

of Laboratories people gave talks before professional and

cducational groups. Following is a list of the speakers, titles, and places of presentation:

LRE. - URS.L

(Uxion RaDpIO SCIENTIFIQUE INTERNATIONALE )

National Burcau of Standards, Washington, D. C.

Beck, A. C., and Mandeville, G. D., Microwave Traveling
Wave Tube Millimicrosecond Pulse Generators.

Crawford. A. B., and Hogg, D. C., Measurement of Atmos-
pherie Attenuation at Millimeter \\ avelengths.

Delange,
Pulses.

Fox, A. G., Wave Coupling by Warped Normal Modes.

O. ., The Regeneration of Binary Microwave

OTHER

Large Arca Silicon Rectifiers and Solar
Middle  Eastern District - Meeting,

Anderson, A, K.,
Converters, ALE.E.
Columbus, Ohio.

Becker, J. AL Seeing Individual Atoms and Molecules Ad-
sorbed on a Tungsten Surface, Sigma Xi, St. Louis Univers-
ty, St. Louis, Mo.

Bozorth, R. M., Some Magnetic, Electrical and Optical
Properties of Electrolytic and Evaporated Films, University
of Algiers, Algeria.

Brangaccio, D. ],

Brattain, W. 1., The Role of Surfaces or Phase Boundaries
in Semiconductor Electronies. Solid State Seminar, Depart-
ment of Physics, University of Lahh)llnd Berkeley.

Brattain, W. Il sce Garrett, C. G.

see Sullivan, J. W
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Hogg, D. C., see Crawford, A. B.

Mandeville, G. D., see Beck, A, C.

Mumford, W. W. and Schafersman, R. L., Data
Temperature Dependence of  X-Band  Fluorescent
Noisce Generators.

Robertson, S, D.. The Ultra-Bandwidth Finline Conpler.
R. L., W.oWw,

on the
Lamp

Schafersiman, see Mumford,

TALKS

I., Transistor Chemistry, Scientific Research
Brothers Research Laboratories, Edgewater,

Bridgers, 11
S(l(-i('t)' Lever
N. ).

Buck, T. M., and McKim, F. S., Depth of Surfuce Danmage
Due to Abrasion on Germanin, Electrochemical Society,
Semiconductor Symposium, Cincinnati.

Dacey, G. C,

istors, hlc(tmmg Components Conference,

Darlington, S.. An Introduction to Time-Variable Net-
works, Sj’nlp()sium on Circuit Analysis, University of Tlhi-
nois, Urbana.

Dewald . Experiments on the Formation of Anode
Filims on InSh, Ll(‘(lr()(ht‘l]ll(dl Society, Semiconductor Syvim-
posinm, Cincinnati,

Unipolar, Analog, and Field-Effect Trans-

Los Angeles.
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Bodge, M. I, and Torrey, Miss M. N., A Check Inspec-
tion and Demerit Rating Plan, American Society for Quality
Control, Ninth Annual Convention, New York City.

Earlv, J. ML, The Intrinsic Barrier Transistor, LR.E. Pro-
fessional Group on Electron Devices, National Bureau of
Standards Auditorium, Washington, D. C.

Early, J. M., Junction Transistors for Very Tligh Frequen-
cies, ALLE.E. Middle Eastern District Meeting, Colimnbus,
Ohio.

Ebers, J. [, Junction Transistors for Switching Applica-
tions, A.LE.E. Middle Eastern District Meeting, Golunbus,
Ohio.

Eigler, ]. ., see Sullivan, M. V.

Flliott, S. ]., Solderless Wrapped Connections, National
Seeurity Industrial Association, Tmproved Eleetrical Connee-
tions Subcommittee, Long Island City.

Fagen, MDA Method for Highly Precise Frequeney
Measurements on Quartz Crystal Units, Signal Corps Fre-
guency Control Symposium, Asbury Park. N, ]

Ferrell, E. B., New Technigues in Control Charting,
American Society for Quality Control, Albany Scction, Al-
hany, N. Y.

Fleckenstein, W. O., Electronic Switching  Techniques,
Engincering Department, Pennsylvania Bell Telephone Com-
pany. Pittshurgh.

Fleckenstein, W. O, Mechanized Intelligence, ALE.E.-
LR.E. Pittshurgh Sections, Pittsburgh.

Fox, A. G., Behavior of Ferrites in Waveguides, LR.E.
Monmouth Section, Little Silver, N. .

Fuller, C. S., Bell Solar Battery, Thiokol Technical Club,
Trenton, N. I

Galt, ). K., Ferromagnetic Resonance Losses in Nickel-
Iron Ferrites, Svinposiim on Relaxation and Remagnetiza-
tion Processes in Ferromagnetic Materials, Armour Rescarch
Foundation, Chicago.

Garrett, C. G. B., The Science Behind Reliability of Semi-
conductor Devices, Eleetronie Components Conference, Los
Angeles.

Garrett, C. G, B, and Brattain, W, 11, Holes and Elec-
trons i Germanium  Electrodes, Electrochemieal Society,
Semiconductor Symposim, Cincinnati.

Goeller, L. F. Jr., A Rainfall Rate-Meter, Virginia Acade-
my of Scienee, Madison College, Harrisonburg, Va.

Haynes, J. R Fundamnental  Experiments in Transistor
Physics, Physics Colloguivm, University of Kentucky, Les-
ington.

Havward, W. S, Jr.. A Practical Mcthod of Solving Mark-
off Chain Traffic Problems. Awmerican Statistical Association,
Section on Physical and Enginecring Sciences, New York
University, New York City,

Herring, C., Electronic Transport Phenomena in Semi-
conductors, Phyvsics Colloquium, Johns Hopkins University,
Baltimore.

Herring, C., Surface Energy of Crystals and Its Role in
Sintering, Waushington Philosophical Socicty, Washington,
D. C.. and Edison Lzll)()rut()ry, West Orange, N, J.

Keister. W., Digital Control, University of California,
Berheles.

Keister, W, Mechunized Intelligence, Du Pont Company,
Philadelphia,

Koerner, L. 1., Methods of Obtaining Reduced Tolerances
in Crystals Over a Wide Temperature Range, Signal Corps
Frequency Control Syraposiuny, Asbury Park, N. T.

Kohman, G. T.. The Migration of Silver Through and on
the Surface of Insulating Materials, Electronic Components
Conference, Los Angeles,

JULY. 1955

Kompfner, R., High Frequeney Tubes, U. S, Naval Re-
serve, Electronie Company, New York City.

Kompfuer, R., Recent Advances in Microwave Tuobes,
LR.E., Evansville-Owenboro Section, Evansville, Ind., and
LR.E. Louisville Section, Louisville, Ky.

Kramer, I1. P., Perturbation of Differential Operators,
Spectral Theory Seminar, Yale University, New Haven.

Landgren, C. R.. A Review of the Theories of the Kinetics
of Nucleation and Crystal Growth, Amecrican Institute of
Chemical Engineers, Houston, Texus.

Law, . T, and Meigs, P. S, The Effeet of Water Vapar
on Germaninm and Silicon Junctions. Electrochemical Soci-
ety, Semiconductor Symposium, Cincinnati.

Lewis, W, D., The Role of Computers in- Automation,
Centenmial Symposiin, Michigan State College, Lansing.

McKim, 7. S, see Buek, T. M.

NMeigs, P. S., see Law, J. T.

Moll. ). L., Silicon Transistors, A.LILE. Middle Kastern
District Meeting, Colhunbus, Ohio.

Murphy, R. B., Problems of Selective Assembly, American
Society for Quality Control, Ninth Annual Convention, New
York City.

Paterson, E. G. D.; An Overall Quality Assnrance Plan,
American Society for Quality Control, Ninth Annwal Con-
vention, New York City.

Pearson, G. L., The Bell Solar Battery, Sigma Xi Lecture,
University ot Utah, Salt Lake City,

Pearson, G, L., Silicon in Modern Communications, Paci-
fic Telephone and Telegraph Company, San Francisco, and
Stanford Rescarch Institute, Stanford, Culif.

Peterson, J. W, The Intrinsic Barrier Transistor, Elee-
tronic. Components Conference, Los Angeles.

Pictenpol, W. [ Survey of Recent Reliability  Studies,
A.LE.E. Middle Eastern District Mecting, Columbus, Ohio.

Rvder, R. AL, Transistors Todav. A.LE.E. Middle Eastern
District Meeting, Colhnnbus, Ohio.

Schlaack, N.F., The History of Overseas Radio Tclephone
Operation and  Operating Techniques, LR.E. Subsection,
Burlington, Vt.

Scars, R W. A Regenerative Binary Storage Tuke, Elec-
tronic Components Conference, Los Angeles.

Shackleton, S, P, Opportunities in Engineering, Morris
Township Junior High School, N. I

Shocklev, W., Transistor Physics, Socicte Rovale Belge
des Ingenieurs et des Industricls, Brussels, Belgium,

Smith, K. D.. The Bell Solar Battery, Ninth Annual Battery
Rescearch and Development Conference, Asbury Park, N. J.

Sullivan, J. W.. and Brangaccio, 1. J., Broadband Oscillo-
scope Tube, Electronie Components Conference, Los Ange-
les.

Sullivan, M. V. and Eigler, J. L., Hydrides as Alloving
Agents on Silicon, Electrochemical Socicty, Semicanductor
Svmposinm, Cincinnati.

Terry, M. E., Examples of Quality Control of Residuals
in Analysis of Variance, Awerican Society for Quality Con-
trol, Ninth Aunual Convention, New York Citv.

Thurber, E. A, A New Sintered Tungsten Matrix Cath-
ode,  Electrochemical Society, Electronics  Division, Cin-
cinnati.

Torrey, Miss M. N., sce Dodge. 11, F,

Tukev, J. W., Conclusions versus Decisions, American
Statistical Association, Physical and Engincering Sciences
Section, New York University, New York City.,

Vacea, G. N., The Chemical Industry and You, Kiwanis
Chib, Cranford, N, J.
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Papers Published by Members of the Laboratories

Following is a list of the authors, titles, and place of publication

of recent papers published by members of the Laboratories:

Achenbach, C. H., Power Equipment for Telephone Cen-
tral Offices, Telephony, 148, Apr., 1955.

Beck, A. C., Measurement Techniques for Multimode
Waveguides, Proc. LR.E., MTT-3, pp. 35-41, Apr., 1955,

Bemski, G., Nierenberg, W. A,, and Silsbee, H. B., Cosine
Interaction in CsF and RbF, Phys. Rev., 98, pp. 470-473,
Apr., 1955.

Benes, V. E., On the Consistency of an Axiom of Enu-
merability, ]J. Symbolic Logic, 20, p. 29, Mar., 1955,

Best, F. S., see Harrower, G, A,

Bittrich, G., see Compton, K. G.

Boyle, W. S., Self-Propagating Intermittent Discharge,
J. Appl. Phys,, 26, pp. 584-586, May, 1955.

Bovle, W. S., and Germer, L. H., Arcing at Electrical Con-
tacts on Closure Part VI — The Anode Mechanism of Ex-
tremely Short Arcs, 1B Appl. Phys., 26, p. 571, May, 1955.

Burns, F. P., and Quimby, S. L., Ordering Processes in
CusAu, Phys. Rev., 97, pp. 1567-1575, Mar. 15, 1955.

Compton, K. G., Ehrhardt, R. A, and Bittrich, G., Brass
Plating, |. Am. Electroplaters Soc., 41, p. 1431, Dec. 1954.

Darlington, S., An Introduction to Time-Variable Net-
works, Proc. of Symposium on Circuit Analysis, pp. 5-1 to
5-25, May, 1955.

Ehrhardt, R. A., see Compton, K. G.

Feler, G., and Kip, A. F., Electron Spin Resonance Ab-
sorption in Metals, 1 — Experimental, Phys. Rev., 98, pp.
337-348, Apr. 15, 1955,

Felch, E. P., and Israel, J. O., A Simple Circuit for Fre-
yuency Standards Employing Overtone Crystals, Proc, LR.E,,
43, pp. 596-602, May, 1955.

Frost, H. B., Cathode Interference Impedance Desimpli-
fied, Trans. P.G.R.Q.C. 5, pp. 27-33, Apr,, 1955.

Geller, S., Crystal Structure of RhTe and RhTe., Am,
Chem. Soc. ., 77, pp. 2641-2644, May 5, 1955,

Germer, L. 11, see Bovle, W. C.

Harrower, G. A., Best, F. S., and Machalett, A. A., Co-
axial Electrical Connection Into Vacuum, Rev. Scientific
Instruments, 26, p. 404, Apr.,, 1955,

Hochgraf, Lester, and Watling, R. G., Telephone Lines for
Rural Subscriber, A LEE. Commun. and Electronies, 18,
pp. 171-176, May, 1955,

Hohn, F., First Conference on Training Personnel for the
Computing Machine Field, Am, Math. Monthly, 62, pp.
8-15, Jan,, 1935.

Holden, A. N., Matthias, B. T., Merz, W. ], and Remeika,
J. P., New Class of Ferroelectrics, Phys. Rev., Letter to the
Editor, 98, p. 546, Apr. 15, 1955,

Ilooton, J. A, and Merz, W. J., Etch Patterns and Ferro-
electric domains in BaTiOs Single Crystals, Phys. Rev., 98,
pp. 409-413, Apr. 15, 1955.

Israel, J. O, see Felch, E. P.

Karnaugh, M., Pulse-Switching Circuits Using Magnetic
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Cores, Proc. LR.E,, 43, 570-583, May, 1955.

Keywell, F., Measurements and Collision — Radiation
Damage Theory of High-Vacuum Sputtering, Phys. Rev., 97,
pp- 1611-1619, Mar. 15, 1955.

Kohn, W., and Luttinger, J. M., Theory of Donor Levels
in Silicon, Phys. Rev., Letter to the Editor, 97, p. 1721, Mar.
15, 1955.

Luttinger, J. M., see Kohn, W.

Machalett, A. A, see Harrower, G. A.

Malthaner, W. A., and Vaughan, I1. E., Contro! Features
of Magnetic-Drum Telephone Office, LR.E. Trans. P.G.E.C..,
4, pp. 21-26, Mar. 1955,

Matthias, B. T., see Holden, A. N.

MecSkimin, H. J., Measurement of the Elastic Constants
of Single Crystal Cobalt, J. Appl. Phys., 26, pp. 406-409,
Apr., 1955,

Merz, W. ], see Holden, A, N.

Merz, W. ], see llooton, J. A.

Morrison, J., and Zetterstrom, R. B., Bariuin Getters in
Carbon Monoxide, J. Appl. Phys., 26, pp. 437-442, Apr.,
1955.

Newhouse, R. C., Feedback Relations in Military Weapon
Systems, LR.E. Trans. P.G.AN.E.-1, 3, pp. 24-27, Sept.,
1954.

Pfann, W. G., Continuous Multistage Separation by Zone-
Melting, J. Metals, 7, pp. 297-303 (Part 2), Feb., 1955,

Pierce, J. R., Interaction of Moving Charges with Wave
Circnits, J. Appl. Phys., 26, pp. 627-638, May, 1955.

Prince, M. B., Silicon Solar Energy Cells, J. Appl. Phys,,
26, pp. 534-340, May, 1955.

Quimby, S, L., se¢ Burns, F. P.

Remeika, J. P., see Holden, A. N,

Rose, D. ], and Brown, §. C., High-Frequency Gas Dis-
charge Plasma in Iydrogen, Phys. Rev., 98, pp. 310-316,
Apr. 15, 1955.

Smith, B., and Boorse, H. A., Helinn 1 Film Transport,
1 — The Role of Substrate, Phys. Rev., 98, pp. 328-336, Apr.
15, 1955.

Tukey, |. W., Unsolved Problems of Experimental Statis-
tics, Am. Stat. Assoc. ., 49, pp. 706-731, Dee., 1954.

Van Roosbroeck, W., Injected Current Carrier Transport
in a Semi-Infinite Semi-conductor and the Determination of
Lifetimes and Surface Recombination Velocities, . Appl.
Phys., 26, pp. 380-391, Apr.,, 1955.

Vaughan, H. E., see Malthaner, WV, A.

Walker, L. R., and Wolontis, V. M., Large Signal Theory
of Traveling-\Wave Amplifiers, Proc. LR.E., 43, pp. 260-
277, Mar., 1955.

Watling, R. G., see Hochgraf, Lester

Wolontis, V. M., see Walker, 1.. R,

Zetterstrom, R. B., see Morrison, J.
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