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The Depth of
Diffused Layers

W. L. BOND /Physical Research

The diffusion of conductivity layers into senticonductor erystals has proved

to be a major technological break-through in the fabrication of transistors

and transistor-like devices. Because we deal here with minute amounts of

material and extremely small dimensions, however, very precise methods of

measurement were required. A technique of using interference fringe pat-

terns has been devised to measure the depth of some of the thinnest of

diffused layers within about one millionth of an inch.

Transistors and other semiconducting devices
have rapidly become very useful components in
modern electronic circuits, and they become more
useful the more accurately we can specify  their
properties. The final speclﬁcah()ns of such devices
are chiefly clectrical — resistivity, rectification ratio,
frequency range and the like — but many of these
trace back ultimately to certain physical dimensions
of the semiconductor material itself or of the other
parts associated with it in the completed structure.
It is a consideration of some importance that since
semiconductor devices are by their nature small in
physical size, and since for some applications they
tend to get smaller and smaller, we are challenged
to refine our measurement techniques when we
work with their minute dimensions.

The depths of different conductivity Tavers pro-
duced by the diffusion technique is a case in point.
It has been found recently at the Laboratories! that
by diffusing an element from the gaseous state into
the surface of a crystal of semiconductor, it is pos-

I Recorp, F(}bruan/, 1956, page 76. 2 Reconn,
1955, page 303, +

August,
s Recorp, July, 1955, page 241.

sible to achieve certain properties that were difk-
cult or impossible to obtain by the previeus “crys-
tal growing™ or alloving methods. In this way we
can get the large areas necessary for the high-power
rectifiers® or fol the Bell Solar Battery.? A\lso, the
diffusion technique permits the fabrication of the
thin layers that are necessary for very high-frequen-
¢y semiconductor devices.

In o general way, the thinner the conductivity
lavers are in a transistor, the higher the frequency
at which it will operate. As the layers get thinner,
however,
creasingly troublesome problems. Some experimen-
tal units are now being constructed with diffused
lavers as thin as 0.001 mm, and a slight departure
from this thickness will have a decided effect on
pcrf()rnmncc It is therefore very importunt to meas-

control and reproducibility become in-

ure this depth accurately so that it can later e re-
lated to the observed electrical propertics.

At one time an attempt was made to determine
the depth of the diffused layer by a procedure illus-
trated in Figure 1(a). The semiconductor (here
silicon) with its diffused laver was encased in a
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block of plastic, and a surface perpendicular to the
boundary was ground flat. The surface was then
treated with an etching solution which attacked the
diffused layer more than the body of the silicon.
\Vith this method, however, the resulting depres-
sion in the diffused layer was often less than 0.001
mm in depth and was difficult to detect.

GRINDING
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The other methods described here depend upon
the use of a beveled surface, rather than the per-
pendicular surface seen in Figure 1(a). That is, the
surface is ground at a shallow angle (usually about
5%) to the original surface of the material, as in
Figure 1(b). The result is a structure like that seen
in Figure 1(c), where the diffused laver is in effect
greatly magnified by the bevel.

The lines delineating the diffused layer in Figure
I(c) are somewhat misleading because the junc-
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Fig, 2 — Left: the dial gauge method of determin-
ing depth of diffused layer; right: the microscope
method for determining this depth.

tion between the layer and the body of the crystal
is actually invisible. The opposite-conductivity tvpe
silicon or germanium in the layer looks exactly like
the parent material. The position of the junction
must therefore be identified before the depth of
diffusion can be measured.

There are several methods by which the junction
can be identified and made visible. A positive-con-
ductivity region in silicon, either a surface layer or

o

the body of the crystal, can be stained with a nitric
acid—hydroflouric acid solution. Germanium cannot
be stained in this manner, but positive type ger-
manitm can be electroplated with copper. Since the
copper is not deposited on the negative-type layer,
the junction line is made visible.

The boundary may also be found by electrical

Fig. 1 — (a) Etching
of diffused layer on
surface perpendicular
to the junction; (b)
crystal in holder for
grinding beveled sur-
face; (¢) crystal with
beveled surface.

BEVELED CRYSTAL

(c)

test. A probe is run along the beveled surfuce until
a decided change in current occurs at the junction.
Or, since a hot metal point resting on a semicon-
ductor acts as one lead of a thermocouple, a heated
probe can be passed across the beveled surface, and
the point where the current changes direction is the
position of the junction. A scratch or line can then
be scribed on the crystal so that the junction posi-
tion can be seen in the subsequent optical measure-
meunts that are made.

Once the junction position is determined, there
are again a number of techniques for determining
the actual depth of the layer. Two of these are illus-
trated in Figure 2. The beveled crystal may be
passed under a dial gauge which has a movable
plunger that retracts as the crystal gets thicker. The
depth of the layer is thus the difference between the
dial readings when the point of the plunger is on
the junction and when it reaches the top surface of
the crystal. The beveled distance through the laver
may also be observed through a microscope, and a
value read from an eyepiece scale. The value on the
evepiece scale is related to the beveled distance,
which is in turn related to the depth of the laver
and the angle of the bevel.

Like the drawings in Figure 1, the representa-
tions in Figure 2 could be somewhat misleading,
for the depths of the layers are here greatly exag-
gerated. In addition, the edge on the top of the
bevel tends to be rounded off despite the most care-
ful grinding procedure, and the junction line is
often not clearly defined. Thus, with both the dial
gauge method and the optical microscope method,
there is usually a question where to spot the two
measuring points — the apex edge of the bevel and
the junction. The accuracy of the microscope meas-
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urement also depends partly upon how exactly the
angle of bevel is known, and upon the measure-
ments of distances involved in the trigonometry of
the microscope arrangement. Because of the cumu-
lative effect of these errors, it is difficult in most
cases to achieve an accuracy of much better than
10 per cent,

In an attempt to impr()vc the accuracy of meas-
urement, another method of depth determination
has been devised. The principle involved is the
familiar one of setting up an interference pattern
in the manner of Newtonian rings. We perhaps re-
member the experiment of placing a slightly spheri-
cal-shaped piece of glass on a plane glass surface
and allowing monochromatic light to shine upon it.
At one point the two picces of glass touch, but
because of the spherical shape of one of the pieces,
there is a gradually increasing separation as we go
awav from the point of contact. Light passing
through the two picces of glass encounters multiple
reflections from the surfaces; in some places, re-
flected light is in phase with others of the reflec-
tions, but in other places the reflections are out of
phase and are thus annulled. The resnlt is a series
of rings around the point of contact. Light arcas
show where the reflections are in phase, and dark
arecas show where the reflections are cancelled. The
interference-measurement device that is described

MICROSCOPE VIEW

MONOCHROMATIC
LIGHT SOURCE

HALF —~SILVERED
MIRROR

HALF—-SILVERED >

MICROSCOPE SLIDE

BEVELED CRYSTAL ———

Fig. 3 — Interferometer adapted for measurement
of depth of diffused layers.
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Fig. 4 — Crystal in center of sample holder after

hand polishing operation.

in the following paragraphs is based on a refined
treatment of this same phenomenon.

Figure 3 illustrates the principle of the instru-
ment. The interference pattern is possible because
of the bevel in one section of the crystal. When a
¢glass plate is placed on top of the crystal, there is
a gradually increasing separation between this plate
and the beveled surface, just as we have a gradu-
ally increasing separation in the Newtonian rings
experiment. Light passing through the plate and
striking the crystal can reflect from the two adjacent
surfaces to give two wave trains that interfere with
one another and thus cause the interference pattern.

At the left in the illustration, sodium light of
nearly constant wavelength (about 5900 Ang-
stroms) is directed to a “half-silver” mirror which
permits part of the light to be reflected toward the
crystal and part to pass through. After multiple
reflections in the crystal-plate assembly, light re-
turns through the half-silvered mirror toward the
evepiece, where it either reinforces or interferes
with the light reflected directly from the sodium
lamp. The eve therefore sees an interference pat-
tern, which is nsed to determine the depth of the
diffused layer. The number of interference lines is
in fact a direct measure of depth.

The refinements in this procedure are chiefly in
the method of establishing the interference pattern,
and in the manner of mounting and adjusting the

wwwW americanradiohistorv com
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ORIGINAL
—SURFACE OF
GERMAN{UM

| BEVELED
: 7 SURFACE

Fig. 5 — Interference pattern from germaniuvm with a dif-
fused layer (magnification 5,900 diameters): lines at iop
of photograph are from the original surface of the erystal:
closely spaced lines in middle result from the beveled sur-
face of the layer; area without lines at the bottom is the
copper-plated body of the crystal.

sample to produce an easily usable orientation of
interference lines. The plate placed on top of the
crvstal, like the main reflecting mirror, is a half-
silvered picce of glass (actually a piece of ordinary
microscope slide is sufliciently flat over the micvo-
scopic arcas used ). The silvering increases the mul-
tip]c reflections, which in turn increases the slmrp~
ness of the lines. It also improves the resolution of
the lines; that is, the dark areas are narrower and
more sharply defined than in the usual Newtonian
rings arrangement. This permits the accurate identi-
fication and counting of lines necessary for the
depth determination.

The second refinement — that of mounting and
adjusting the position of the sample — can be ex-
plained with reference to Figure 5. This is a micro-
scope photograph of an actual interference pattern
of a beveled piece of germanium which has a posi-
tive-tvpe diffused laver about 0.005 mm thick. The
value of adjusting the position of the sample arises
from the difficulty that the top edge of the bevel is
alwavs slightlv rounded and therefore ordinarily
difficult to identifv. However, if we orient the
sample assembly so that the lines resulting from the
original surface of the crystal are perpendicnlar to
the bevel, the roundness of the bevel edge does not
enter into the measurement.

As seen in Figure 5, the widelv spaced lines curve
into the closely spaced region. This is an indication
of the roundness of the bevel edge. Tf the edge were
perfect, the intersections would all be sharp angles.
Here, however, the roundness of the edge makes
no difference. Since the widely spaced lines are per-

pendicular to the bevel, a count of the number of
lines to the junction will always be the same, pro-
vided the junction is sharply delincated. For ex-
ample, in Figure 5 a line has been drawn tangent
to one of the widely spaced vertical lines, and a
count of 165 lines has been determined to the
junction. Within limits, this count is constant re-
gardless of how much the bevel edge has been
rounded in the grinding process. At 5,900 Ang-
stroms, the distance between any two lines is
0.00295 mm, so 16.5 lines reveals a junction depth
of 0.00485 mm.

A procedure for getting the desired orientation
of lines and ftor displaying the junction line accu-
rately is illustrated in Figure 6. The topmost of these
tour microscope photographs shows a portion of a
germanium crystal on which two strips of aqua dag
(suspended graphite) have been painted. Between
these two strips, a probe was dragged down across
the bevel edge to the position of the junction. When
the junction was reached. the probe was then passed
over the aqua dag in the horizontal direction, so

ORIGINAL SURFACE

BEVELED SURFACE

MICRO-
SCOPE
SLIDE

i)

o

YRR

i

Fig. 6 — Microscope photograph of section of crys-
tal with nieo painted strips of aqua dag. Three inter-
ference patterns illustrate effect of various orien-
tations of erystal and half-silvered microscope slide.
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that the probe seratched a line through the graphite.
This scratch is visible in the three interference-pat-
tern photographs. The aqua dag is readily wiped oft
later and hence gives a nondestructive test. Scratch-
ing the germaniom itself would be destructive,

To the right of each of the three interference
photographs is shown a representation of the posi-
tion of the crvstal in relation to the half-silvered
microscope slide. In the first of the three, the
rounded bevel edge is farther away from the slide
than is the rest of the original surface. This re-
sults in a pattern in which the widely spaced lines
are parallel to the closelv spaced lines. Next, the
rounded edge is closest to the microscope slide,
which results in the different pattern seen in the
photograph. Finallv. as scen in the lowest part of
the illustration, the original surface of the crvstal
is (in cross section) essentially parallel to the slide.
and we have the desired pattern. In theorv, of
course, if the original surface of the ervstal and the
surface of the microscope slide were both perfect
planes and were both absolute v oclean, no lines
would result from the original surtuce of the crvstal.
Actually, however, there is always a little dust or
other foreign matter which keeps the two surfaces
slightly separated and slightly out of parallel. The
crystal and the slide are therefore adjusted to be
slightly ont of parallel around a vertical axis parallel
to the page in Figure 6. so that the widely spaced
vertical interference lines are established on the
original surface. These adjustments of the positions
of the slide and crystal are made on a special sample
holder. Screw adjustments applyv slight pressures
that force the crystal and slide into the correct
orientation.

With this technique, only a very small portion of
the crystal is examined. and non- planarity of the

Fig. T E. Berry placing erystal holder in polish-
ing machine prior to beveling operation.

crvstal surface or of the surface of the microscope
slide therefore does not greatlv affect the accuracy.
Also, provided the close lv spd(el lines are (1(‘(\11\
differentiated. neither the angle ot bevel nor the
planarity of the beveled surface enters into the cal-
culation. The onlv sources of error are the accuracy
of the position of the junction line, the accuraey
with which the frequency of the monochrematic
light is known, and the accuracy of the mannal
operation of positioning and counting the junction
lines. With the precise method of scratching the
junction line into the aqua dag, accuracies of
0.00003 mm are possible. A layer only 0.001 mm in
depth can be measured within 3 per cent. Such good
performance should permit a more exact control
over the diftusion process, and should permit the
fabrication of semiconductor devices with more pre-
ciselv specified properties.

THE AUTHOR

V. L. Bonp entered the Laboratories in the fall of 1928, after recciving the
degree of B.S. in Physics in 1927 and the M.S. degree in 1928 from Washington
State College. In studies of the piezo-clectric effect in minerals, he surveved the
entire mineral field and made similar investigations of manv svnthetic crvstals,
He has designed optical, Xeray and mechamcal tools and instruments for the
orientation, cutting, and processing of crvstals. Mr. Bond also served as consultant
on quartz, crystals with the War Production Board. More recenth: Mr. Bond has
engaged in studies of dislocations in semiconductors by means of infra-red
microscopy. Ie is a member of the American Phy sical S()Cletv the American
Crystallographic Association, and is Chairman of the International Commission on
Nomenclature of the International Union of Crvstallography.
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Switchboards for
Telephone

Answering Services

G. D. STEWART Suwitching Engineering

Switchboards used by private firms in supplying telephone answering and

secretarial service to their clients have special features to meet the needs

of these services. The features include privacy for calls answered by the

client, and prevention of calls being originated by the answering bureau.

Until recently, a variety of switchboard arrangements were provided by the

Operating Companies for telephone answering-services. Now, lwo new

switchboards have heen developed specifically for this purpose.

Since the installation of the first Secretarial An-
swering Burcau in 1920, telephone answering-
service firms have mushroomed to where today
about 1,500 burcaus serve nearly a quarter million
clients. Answering-service lines are still increasing
by about 30,000 a vear. To meet this vast growth,
the Laboratories recently developed two new switch-
boards to help the Operating Telephone Companies
meet their customers’ needs.

Telephone answering service is a service offered
by private firms whereby many businesses and pro-
fessional men with offices that are manned only part
of the time may contract with an answering bureau
to have their incoming calls answered during such
periods and in such manner as they may desire.
Attendants at these bureaus take messages, make
appointments, and in other ways perform duties
similar to their clients’ representatives or secretaries.
In order that the answering bureau may answer in-
coming calls, it is necessarv for a client of the
bureau to arrange with the Telephone Company to
extend his line from the central office to the bureau,

where the line appears at a jack plus a supervisory
lamp on a switchboard. The Telephone Company
receives rental from the answering bureau for the
switchboard and receives additional rental from the
customer for the telephone plant involved in ex-
tending his line to the bureau. Privacy on outgoing
calls by the client is assured by the design of the
new, special-purpose switchboards.

Studies indicated that the requirements for this
service could best be met by the development of
two new switchboards for answering-bureau use —
one for those areas where combined PBX and an-
swering-service operation is permissible and another
for areas where interested commissions and regu-
latory bodies do not permit this combination. The
two new switchboards developed by the Labora-
tories for this use are the 557A and 557B.

Each of these boards is a manual, single-position,
self-contained switchboard with large designation
strips upon which the client’s name, address, tele-
phone number and contracted class of service may
be typed, a large writing shelf covered with a plas-

BELL LABORATORIES RECORD
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tic bulletin holder and exterior wood panels that
are readily removable for refinishing and mainte-
nance. The 557A offers combined secretarial and
PBX service using conventional self-contained
double-cord units now in use in the 555 PBX,* while
the 557B is for answering-service only and employs
single-ended answering cords of a new design.

Concentrator-identifier (CI) equipment has been
developed for use where the answering-service bu-
reau is located some distance from the central office.
This is a means of concentrating up to 100 clients’
lines in a central office, routing incoming calls on
these lines over four pairs of cable wires and iden-
tifying the lines at the answering bureau on a
switchboard. Both the 557A and 557B boards were
developed so that they included the use of the new
concentrator-identifier features.

While both boards are 2% feet wide and 2% feet
deep, with a writing shelf 30 inches above the floor,
the 557A is somewhat taller — approximately 5 feet
high. The upper portion of the jack panel of the
557A is arranged for 5 answering-service line units
across its width. Each unit contains jacks, lamps.
relays, gas tubes, and designation strips for 20
answering-service lines. Space is available for a
maximum of 100 lines. Jacks may be provided in
the lower portion of the panel for central office
trunks, tie trunks, conference circuits, and admin-
istrative stations, together with their associated
lamps and designation strips in groups of 10. Desig-
nation cards for the answering-service lines are
mounted in individual holders above the lamp caps

® Recorn, April, 1949, page 125.

CENTRAL OFFICE
MAIN DISTRIBUTING FRAME

Fig. 1 — Miss Isabella Waegelein operates a 5574

switchboard in an answering bureau in Chicago.

for the various lines, while a common strip-type
designation card suffices for trunks and other lines.

Fifteen cord units can be mounted across the
lower part of the board, each one comprising two
cords, two lamps, two keyvs and associated relays.
Conventional cord weights are used. A pilot lamp
installed in the lower part of each half of the board
provides an indication when at least one answering-
service line is calling in that half of the board. An-

ANSWERING—

SERVICE CLIENTS

SECRETARIAL

SECRETARIALJ
b= LINE
CIRCUIT

5578 PBX

INTERCEPT | INTERCEPT

| " ADMINISTRATIVE
AND DIAL TRANSFER A AR

LINE " e STATIO
CORD JACK {
CIRCUIT ; [ | creurt | |oPfional | LINE CIRCUIT

| ATTENDANT'S
TELEPHONE

W | AND DIAL
TALK KEY | CIRCUIT

ADMINISTRATIVE
STATION

Fig. 2 — Answering-service facilities of the 557B.
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Rear of 5378 switchboard showing one

Fig. &

cord amit lowered for maintenance,

swering-s ‘rvice lines are answered by inserting the
left cor Hf a pair in the jack. When, for some rea-
son, iz s desired to connect a call with the manager
or som.> cther person in the burcau, the call can be
extenZ ed through the right cord of the pair to an
administrative station. Regular PBX service is avail-
able “-r administrative stations; they may be con-
nectes with central-office trunks and tie trunks, or
toget yer directlv or through a conference circuit.
Howevar neither the attendant nor an administra-
tive station user can originate a call on an answer-
ing-sevice line. A 357A switchboard equipped with
jacks cud lamps for 20 answering-service lines is
showy ia Figure 1.

Regz1vatory requirements in some states forbid
extcr%ﬁng an intereepted call to another telephone,
so bow 15 with double-ended cords and provisions
for rezi L PBX service may not be used.

The 557B switchboard, shown in the headpiece,
was developed for use where combined secretarial
and regular PBX scrvice is not permitted. It incor-
porates new apparatus and mounting teclmiques
that permit a height of only 44 feet, similar to that
of the 551-type hoards now used for answering serv-
ice by most Operating Companies. Either a standard
10-pulse dial or an operator’s 20-pulse dial may be
mounted at the right of the cords. Jacks mount in
10-jack strips on either side of the center.

On answering-scervice lines, the designation strip
covers the lamp sockets and allows the lamps to
shine through holes in the strip, climinating the
need for lamp caps. Ten individual plastic windows
to cover the designation cards mav be installed on
cach strip. These windows and cards may be read-
ilv removed by the attendant to change designation
information. All other lines in the hoard use stand-
ard 10-jack designation strips and cards.

A maximum of 100 answering-service lines may
be installed, but onlv 5 central-office trunks are pro-
vided. Up to 8 intercept-and-dial cord units may be
supplied. Figure 2 shows how the lines are an-
swered. A single cord and kev is used to answer
cach incoming call but, because the cord units are
connccted in series, it is not possib]e to putch two
intercepted calls together. A maximum of 3 admin-
istrative stations mav be connected to each 557B
position, relay equipment for three station cords
being furnished with the switchboard.

Should an administrative station originate a call,
the lamp in its station cord unit lights and the
attendant answers by operating the talking key asso-
ciated with the lamp. She then inserts the associated
station cord in a trunk jack and the station dials the
number. Upon completion of the call. the attendant
receives a disconnect signal and removes the cord
from the trunk jack. Where a conference cireuit is
1)1‘0Vidcd, two administrative stations may be con-
nected together by the attendant.

For incoming trunk calls, Figure 4, the attendant
answers by inscrting an intercept-and-dial cord in
the trunk jack and gives the information requested.
If the call should be for an administrative station,
she rings the station and replaces the intercept-and-
dial cord with the appropriate station cord.

If the board is cquipped with intercept-and-trans-
fer jacks, an optional feature. an incoming call on
an answering-service line may be transferred to an
administrative station. The attendant answers with
an intercept-and-dial cord as usual and, upon ascer-
taining that an administrative station is desired,
rings the station and plugs the station cord into the

BELL LABORATORIES RECORD
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transfer jack associated with the intercept cord used.
The equipment has been so designed  that, upon
completion of the call, it is impossible for the ad-
ministrative station or the attendant to originate a
call on the intercepted answering-service line.

CENTRAL S S S |ADMIN STRATIVE
Y STATION
TRUNK S
JRNE : — LINE CIRCUIT
1
: r
TO )
INTERCEPT INTERCEPT
CENTRAL AND DIAL TRANSFER
OFFICE CORD JACK
CIRCUIT (OPTIONAL)
| ATTENDANT'S
A TELEPHONE 5
v
TALK i e TALK  ADMINISTRATIVE
KEY KEY STATIOM
Fig. 4 — Arrangements of 5578 sicitehboard for trunk calls.

Lamps for answering-service lines mayv be so ar-
ranced that the attendant must answer the line to

extinguish the lamp. A pilot lamp installed in cach
half of the board helow the jack field provides an
indication when at least one line or truuk lamp is
lighted in that half of the board.

Both  Concentrator-Identifier Tines and regular
answering-service lines can be used on the same
bourd. A simplified line cireuit unit is available for
terminating cach 10 lines served 1)_\' a concentrator-

THE AUTHOR

identifier. In certain instances where CI lines are
used, the number of line lamps displayed may ex-
ceed the number of availuble CI trunks: a “no cut-
througlt™ tone may he provided to indicate this con-
dition to the attendant.

Cord units in the 357B utilize a new three-con-
ductor cord %-inch in diameter, and cord reels in-
stead of cord weights. These self-contained units
mount in the switehboard with two screws. and are
equipped with a jack and plug for connecting them
together and to the attendant’s
cquipment. The combined intercept-and-dial cord
nnit has a 2-position normal and talk-dial kev while
the station cord unit has a 3-position talk-ring key

telephone  cirenit

with a normal off position. The cord units do not
include any relayvs but utilize two relays in the
attendant’s telephone equipment. Relay equipment
for all but answering-service lines is mounted on a
common unit in the rear of the board. The common
unit and all answering-service line units are on ver-
tical mounting plates, hinged at the base so that
thev can be lowered for easy maintenance, Figure

All units and the line cables may he readily in-
stalled or removed through the use of jacks and
plugs. Additional oquipmbnt, required for various
optional features, mounts in the space below the
writing shelf in back of the front panel.

The introduction of these two boards permits the
Operating Companies to offer standardized switch-
boards to answering-service companies, with fea-
tures designed especially for such service.

G. D. Stewanr received his LEE.

special wiring plaus, kev pulsing equipment for long distance calls at pay station
switchboards, and is the designer of a tool for muking Braille designation strips

degree from the Pratt Institute, and joined
the New York Telephone Comipany in 1921, Since then he has been actively en-
gaged in designing such cirenits as commercial service observing equipment,

used to enuble blind attendants to operate some PBX's. In 1953 My, Stewart was
loaned to the Laboratories to design the 557B PBX. Following this he collaborated
on equipment layvout for the 756A crosshar PBX. On March 1, 19536, he returned
to the New York Telephone Company and currently heads o group handling PBX
equipment and special cirenits,
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Switching Control
at Television

Operating Centers

C. A. COLLINS Transmission Engineering |
L. H. HOFMANN Special Systems Development

The problem of coordinating television programs from black-and-white

studios, color studios and remote pickups is handled by the master control

room of the TV station concerned. When the station is part of a nationwide

TV network, however, program material from all over the country must be

similarly coordinated so that the station can broadcast programs originat-
ing in other cities. This is the job of the Bell System television operating
centers in many different cities, where TV programs handled by various

Bell System facilities are switched with split-second timing.

When a television program ends, the face of the
weather man in your city might be replaced by an
advertisement or a scene televised from Hollywood,
New York, Chicago, or practically any place in the
country. You may realize, vaguely, that some sort
of electronic equipment has performed this feat,
but you probably are not aware of the Bell System
resources that are involved. The Bell System sup-
plies not only the intra-city and transcontinental
facilities for such telecasts, but it also supplies the
switching facilities that make it possible to change
programs so rapidly.

Switching of television programs involves two
separate areas: sound, and video or picture. At the
present time, nearly all switching of TV sound is
done at and by the station or network. TV sound is
transmitted over various Bell System program fa-
cilities previously built-up for the networks pri-
marily for radio purposes, and a great deal of the
switching takes place at the broadcaster’s studio be-
tween available sound facilities. On the other hand,
the more costly video facilities are used in various
combinations as the needs of the broadcasters vary

10

from hour-to-hour, and switching is done at Bell Sys-
tem television operating centers, known as TOC's.

Within a TOC, there are also two separate areas:
the actual switching of incoming and outgoing video
lines, and the control equipment that permits such
switching to be done at the proper times. A new
video switch has been developed by the Labora-
tories to take care of the actual switching within
the transmission limits imposed by network color
TV, but a special control circuit was required to
permit optimum use of the new switch by Bell Sys-
tem operating personnel with minimum fatigue and
possibility of error.

Previously, the video switching control panel at
a TOC consisted of a matrix of push buttons over
which colored sleeves were placed to indicate the
conditions of the various switches. The actual video
switches were behind the panel, operated directly
by the push buttons. The new video switch consists
of resistance pads and wire-springs relays, and may
be located away from the control panel. Since the
new control panel is designed to operate switching
relays, it can also be used to control switches in
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TD-2 microwave radio relay stations and in coaxial
cable terminals. Furthermore, it is anticipated that
in the reasonably near future TV sound and video
may be switched simultaneously at TOC’s, and this
is provided for in the new design. Two sizes of con-
trol panel are available, providing control for 20
inputs to 20 outputs (20 x 20) or, for the larger
TOC’s, a 30 x 30 arrangement.

The control panel itself has been simplified so
that little instruction is required in its method of op-
eration. All incoming lines appear on horizontal
rows, and outgoing lines on vertical columns. Each
intersection of an incoming and outgoing line is in-
dicated by two lamps — a white “pre-sclect” and a
red “execute” lamp. Each incoming line is con-
trolled by a black push button alongside its name-
plate, and each outgoing line is controlled by a
white push button near the bottom of each vertical
column. Below the white push buttons, a group of
amber push buttons and lamps permit nearly simul-
taneous or “salvo” operation of several switches at
one time. At the very bottom of the control panel
are green “annul” buttons for use when an error in
selection must be erased.

To prevent the possibility of an accidental switch
of a television program by an attendant pressing the
wrong button or something accidentally touching
one of the buttons, the control panel is arranged so
that no single button causes anything to happen;
two buttons must be pressed simultaneously. For ex-

LOCAL
TELEVISION SIGNAL

‘e | P

LOCAL STATION-~7L]
TRANSMITTER |

ample, if an incoming and outgoing line are to be
connected at some specified time or when a “cue”
is received, the operator must press both the correct
white and black buttons to “pre-select” the switch.
A pre-selected switch is indicated by the lighting
of the white lamp at the intersection of the two

PRESELECT,
EXECUTE
AND SALVO LAMPS

] o ) [

X-BAR SWITCHES —_— VIDEO
i ——
PRESELECT!| EXECULTE [FSEATIREIA ==

| l

INPUT KEYS ———
AND RELAYS

[

COMMON
—_ OUTPUT KEYS
CONTROL fp———
CIRCUITS AND RELAYS
e — { —

Fig. 2 — Block diagram of switching control equip-
ment in a television operating center.

desired lines. Later, when the switch is to be made,
the white button and either of two (three in a
30 x 30 arrangement) red “execute” or master but-
tons must be pressed simultaneously. When this is
done, the white lamp goes out; when the buttons
are released, the associated red lamp lights to indi-

TD-2 MICROWAVE
INTERCITY RADIO RELAY

SWITCHING
T rses ][y
EQUIPMENT

. LOCAL 2
St ' FROM OTHER __ __TC OTHER
— { INCOMING D VIDEO OUTGOING
l — : INTERCITY 7 SWITCHES | T _INTERCITY
FACILITIES FACILITIES
| »
COLOR — | NEroRK BELL SYSTEM = l
STUDIO VIDEO FACILITIES
CONTROL /4
!
| BELL SYSTEM
T — TELEVISION
I ) OPERATING CENTER
REMOTE (toc)
PICKUP
| cm——

Fig. 1 — How a TOC controls all types of incoming and outgoing video facilities.
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Fig. 3 — Maintenanee position of the Chicago TOC,

cate that the switch has been made and that the
ontgoing line is in service.

and a white
Lamp lights. a corresponding amber lamp also lights
in the top row of amber “salvo™ lamps. This m(h-
cates that all pre-selections can be exeented at one
time by pressing the top amber sulvo button and
the red execute button. Morcover, anv preselected

4‘ll(‘}l time a l)l'(‘ \'(‘](‘Cti()ll is m: l(l

switches can be put into any of the other salvo rows
by pressing the appropriate white and amber bnt-
tons. It it is desired to switch a group of outm)m(r
lines simultancously at a different time from I
outgoing lines, a s vo pre-selection may be made,
To do this. one of the salvo buttons is held operated
and the white output buttons operated one-by-one
tor those ontgoing lines of the group to bhe switched,
When this is done, the amber lamp in the top sulvo
row will be extinguished and another amber Lump
will be lighted in the new salvo row corresponding
to the p.utlcu] u output. Salvo pre-se lections m: w
be changed by using the desired salvo and out(f()nw
line buttons.

When, through error or for some other reason, a
line pre-selection is made such that a white pre-
seleet Tamp is lighted at the same coordinate point
where a red Lanp is abr ady lighted, meaning that
this outgoing line is to be switched to the same
incoming line it was previously connected to, there
will be @ momentary opening in the existing con-
nection. To prevent such a break (lunng the course
of a program, the undesired white 1 amp and i

associated amber lamp in the salvo bank can be
extingnished and the pre-selection nullified by oper-
ating the annul botton and the white ontgoing line
button involved in the existing connection,

The lowest row re 1)1( senting incoming lines is sct
aside as a “no-service” line for test purposes. A
feature of the design of the new video switeh is that
tests mav be made on incoming lines without affect-
ing transmission. however,
some means must be available to indicate when the
line is free so that test signals will not interfere

Fo test outgoing lines,

with regular programs. Pre-selection of an outgoing
line I()l test purposes nuy be made in the same
manner as for comnecting it to an mcommg line,
except that the bluck button of the lowest row is
pressed. This lights a white lamp in that row as
nsnal. Upon execution, a green lamyp lights in that
row instead of a red one, indicating that the out-
going line is free and availuble for tests. An indi-
cating lamp also lights at the maintenance center to
tell the personnel there that the line is free. When
a test is applied at the maintenance center, a third
Lamp, with a distinctive cap — white with a black
circle on it —lights in the no-service row of the
control panel, indicating that a test is in progress
and that the outgoing line should not be pre-
selected for regular use.

A special feature permits an interesting and
highly usefnl delay in the execution of any switch.
At times it is desirable to delav o switch for a fow
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Fig. 1 — Tiwo buttons on the control panel must be pushed

simultancously to initiate any action.
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seconds until a cue is reccived, or perhaps to delay
the closure of a “round-robin” ecircuit until it is
broken somewhere else. At the designated time, the
operator presses and holds the red button and
whichever other button is appropriate. When the
cue is received, release of either or both buttons
makes the connection.

The physical equipment of the switching control
circuit consists of the control panel proper, cross-
bar switches, and relays as indicated in Figure 2.
The 20 x 20 size requires one standard equipment
bay for mounting, while the 30 x 30 size requires
four bavs. Operated crossbar switches provide the
memory for the preselections and salvos, and pro-
vide grounds to operate the video switches and light
the pancl lamps. Al push buttons except the white
buttons are duplicated on opposite sides of the
pancel. Two independent sets of common-control
oqnipmont are associated with the two droups of
push buttons, permitting either set to be used in
normal operation. Should one set of common-con-
trol equipment be inoperative because of a fuse
failure or other trouble, switches could still be made
using the other equipment.

Fusing the equipment required special considera-

THE AUTHORS

tion. Equipment for cach outgoing line is therefore
tused separately, so that one fuse blowing will not
affect anv of the other lines. To further sdte(ruald
the equipment in case of trouble, outgoing hnos in
groups of five and the two sets of common-control
equipment are supplied by two power buses, each
of which is individuallv fused. With such an ar-
rangement, it one of the two distribution fuses
should blow, halt the lines would be inoperative.
To avoid this, a resistance is bridged across cach
distribution fuse, capable of supplving holding cur-
rent to the relavs and crossbar switches, maintain-
ing operation until the trouble can be corrected.
The usual office alarms sound in case of trouble.

Although it is difficult to see how it might happen,
the possibility of two incoming lines bheing con-
nected to any outgoing line has been prevented by
the design of the control circuit. 1f two black but-
tons should be depressed at the same time as a
white button, no pre-selection would occur and it
would be obvious to the operator that an error had
been made.

In addition to the obvious requirements of ade-
(uate switching and switching-control of programs,
cach TOC includes one or more monitor positions

C. A. CorLixs received a B.S. in E.E. degree from the University of Washington

in 1925, and joined the Pacific Telephone and Telegraph Compam in that same
vear. He transferred to the Laboratories in 1930, For four vears he was engaged
in switching studies and equipment engineering for community dial and larger
step-by-step central offices. Following this, Mr. Collins worked on equipment de-
sign for No. 1 crossbar, No. 4 toll crosshar and local control equipment for dial
svstems. During World War TI he taught in the Laboratories School for War
Training. Following the war, he worked on studies concerned with CAMA, line
concentrator and ele(tmmc switching. For the past two vears he has been en-
gaged in switching and transmission cngineering work on television operating
centers.

L. H. Horaraxw received his M.E. degree from Stevens Institute of Technology
in 1932, and a M.S. degree in Electrical Engineering in 1940 from Columbia
Universitv. He joined the Laboratories in 1936 and was with the Personnel De-
partment until 1941. During World War 11, Mr. Hofmann worked on fire control
equipment at the Frankford Arsenal, and taught the use and operation of the
proximity fuse at the Applied Physics Lal)omton of Johns Iopkins University.
Following the war, he was enﬂaﬂed in studies on mercury contact relavs and the
design analysis of circuits for No. 5 crossbar. Later, he turned his attention to
switching problems in the television operating center.
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so that a visual and audible check can be made of
programs being handled. Each monitor position is
provided with its own output circuit from the video
switch and therefore can be switched to any incom-
ing line. Circuits for the monitor position are equal-
ized to the input of the video switch, as are all other
outputs, and thus have no deleterious effect on the
video transmission characteristics.

Also part of a TOC is a maintenance position,
where tests can be made on any part of the switch
and monitoring equipment. All test equipment is
rack-mounted, and patch cords have been replaced
by key operations. Because of this arrangement,
equalization of all equipment can be made to the
input of the video switch and any piece of test
equipment can therefore be connected to any line
through an essentially distortionless circuit. In addi-
tion, cach piece of test equipment is cabled to a
patching jack ficld over trunks carcfully cut to the

same clectrical length. Coaxial patch plugs can then
be used in place of patch cords.

The new video switch, control equipment, moni-
toring and testing facilities for TOC's are part of an
integrated plan for furnishing broadband video
transmission facilities to telecasters. Anticipating
future developments in color and closed-circuit TV,
the video switch equipment except for certain am-
plifiers was engineered to handle signals up to 10
megacycles wide instead of the present-day 4 mega-
cvcles. Should future requirement make it nec-
essarv to accommodate 10 megacycles, new am-
plifiers mav be added to make use of the full
bandwidth. The safer, more flexible control of
switching permits the future use of more complex
switching arrangements in TOC’s, and the new
equipment is expected to be widely used as Bell
Svstem TV transmission facilities continue to
expand with the television industry.

Telephone Service Begins Over New Alaskan Cable

The U. S. Army Signal Corps and the Bell Tele-
phone System recently opened to public service a
new and important communications link between
the United States and the growing Territory of
Alaska. The link consists of an underwater tele-
phone cable system stretching some 1,250 miles
from Port Angeles, Wash., to Skagway, Alaska.
The cable was designed by the Laboratories.

Hatfield Chilson, Assistant Secretary of Interior
and D. Frank Heintzleman, Governor of Alaska,
made the first call over the new system. Mr.
Chilson spoke from Washington and Mr. Heintzle-
man from Juncau. The inaugural call was made
over a 4,600-mile telephone network that linked
Washington  to  Juneau and included Seattle,
Ketchikan, Anchorage and Fairbanks. At each loca-
tion, government, military and industrv officials
participated in the ceremonies,

The cable system represents two major projects:
one provided by the Long Lines Department of
A. T. & T, and the other by the Alaska Communica-
tions System which is operated by the Signal Corps.

The A. T. & T. cable system extends from Port
Angeles to Ketchikan, Alaska, a distance of about
900 miles. Twin cables, containing built-in ampli-
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fiers, lic in the ocean depths off the coast between
the two points. These cables were placed by the
U. S. Army Cableship Albert J. Myer between ecarly
June and late August. They are similar in design
and construction to the transatlantic telephone cable
system — the first such system to cross an ocean —
which went into service Sept. 25.

The Alaska Communications System cable, which
covers the 400 miles between Ketchikan and
Skagway, is a single submarine cable stretching
along the inland waterway on the southern coast of
Alaska. This cable utilizes amplifying stations that
are located on islands or points of land in the area.

From Port Angeles, the southern terminal, the
cable circuits are connected to the U. S. network
at Seattle by a radio relay link recently constructed
by the Pacific Telephone and Telegraph Company.
At the northern end, beyond Skagway, the circuits
are fed into the Alaska communications network,
operated by the Alaska Communications System.
The system took over two years to build. It can
carry 36 conversations at one time and will be used
to supplement the radio-telephone and land line
facilities that have been operating between the
United States and Alaska since 1937.
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Dial Testing
Lquipment

F. WEST Station Apparatus Development

Many telephone users have a vague idea that somehow the operation of a

telephone dial has something to do with the apparatus needed to route a

call to the desired destination. Relatively few users realize, however, that

the dial actually generates series of pulses that direct automatic central
office equipment in completing a call. These pulses must be of the right size,
shape and frequency so that the switching equipment will react properly.
Recently, a new method has been developed at the Lahoratories to test the
performance of dials and assure that they will generate pulses accurately.

Telephone dials perform the important function
of producing the pulse trains required to establish
the interconnection of two telephones in a machine
switched telephone system. These pulse trains are
produced during the “run-down”, after the finger-
wheel is released, by means of a cam-driven puls-
ing contact which interrupts the current in the loop
to the central office at a uniform rate. The number
of pulses produced by these interruptions during
the run-down is the same as the digit number that
is bemg dialed.

The central office equipment that receives these
dial pulses will perform correctly only if the pulses
have specified characteristics. Hence, it is impor-
tant that the dial be properly designed and con-
structed to provide such pulses. Particularly im-
portant are the make and break times of the pulsing
contacts; these times must be accurately repeated
pulse after pulse. The percentages of a pulse period
that are devated respectively to the open and closed
states of the pulsing contact; that is, the “per cent

JANUARY, 1957

break” and “per cent make” are determined by the
cam that drives the contacts, and bv the relative
lccation of the contact springs and the cam. The
total duration of a pulse is determined by the run-
down speed of the dial which is controlled by a
centrifugal governor. Hence, the time of break and
tine of make are determined by the per cent break,
or make, and the dial speed. The nominal dial ad-
justment is for 61 per cent break and a 10 pulse per
second speed, and at present, manufacturing toler-
ances of +3 per cent break and 0.5 pulse per
second are set for these values.

Recently developed dials for use in the new tele-
phone sets possess operational precision that make
previously existing laboratory equipment inade-
quate for measuring their pulse characteristics. A
study was, therefore, instituted to develop an im-
proved measuring device. This study resulted in the
machine illustrated in the headpiece of this article
which displays the break and make time of every
operation of the pulsing contact during dial run-
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Fig. 1 — Graphic representation relating time-of-break and

time-of-make to per cent break and dial speed.

down. The display appears on the face of a cathode
ray tube in the form of dots plotted on the coordi-
nate axes of Figure 1 with break time as the ordinate
and make time as the abscissa. Each dot represents
the break and make time of the contact operation
of a single pulse.

Laboratory use of this equipment has demon-
strated the expected merits of this method. Contact
behavior for each pulse can be observed during the
dial run-down, and the progress of the dot pattern
aids in determining the cause of faulty dial opera-
tion, when present. Figure 1, which is a diagram
relating time of break and time of make to per cent
break and dial speed, shows that a dot progression

0052

along a line of constant per cent break on the scope
would cross lines of constant speed. This would
show that the dial speed was changing during run-
down and throw suspicion on the governor. Simi-
larly, a progression of dots along a line of constant
speed would show variable per cent break, and point
to trouble in the pulsing contact or associated
mechanism. A widelv scattered dot pattern would
show a variable condition with some such possible
cause as an eccentric or damaged gear in the dial
gear train. Thus, in the same time as is required by
previously used dial testing equipment, the new
machine provides a considerably larger amount of
more direct information about dial characteristics.

An additional value of the pictorial presentation
of the dial performance can be explained by refer-
ence to Figure 1. In this diagramn lines representing
the established limits of maximwun and minimum
per cent break and speed form a diamond-shaped
area which encloses all possible acceptable combi-
nations of per cent break and speed. Horizontal lines
through the upper and lower apices of the dia-
mond, and vertical lines through the right and left
apices, define the maximum and minimum break
and make times which correspond to the limits
established for speed and per cent break. These
lines, shown dashed in Figure 1, enclose a rectangle
which includes acceptable pairs of break and make
times and which has an area considerably larger
than that of the diamond. Although certain portions
of this rectangle include dial speeds or per cent
break values that are unacceptable, it is considered
likely that an irregular area within the bounds of
the rectangle might be established which would
provide somewhat more lenient inspection require-
ments without impairing the quality of the prod-
uct. Such an area would be indicated by a template
applied to the face of the cathode ray tube. It would

Fig. 2— Left, dot pattern for dial that has a slight drift in run-down speed. Center, dot pattern showing
excellent dial performance. Right, dot pattern for poor dial with variations in speed and per cent break.
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require no complicated instructions to the operator
of the equipment.

Figure 2 shows the actual dot patterns taken on
this equipment when the digit “07 (ten pulses) i
used. An acceptable dial having a slight drift (ap-
proximately i pulse per second) in speed during
run-down is shown in Figure 2, left. The close
grouping prodnced by a very good dial is illustrated
in Figure 2. center, and Figure 2, right, illustrates
a dial of the older type with variation in both speed
and per cent brea