Zone-Velting
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Metallurgical Research

S gnificant advanees in science and technology are frequently made by

alapting simple and well known physical laws to the solution of a problem.

Ficed with the challenge of supplying single-crystal germanium of ultra-

h gh purity for the transistor, metallurgists at the Laboratories devised a new

approach 1o the centuries-old method of segregating impurities by repeated

crystallization, The new method, known as zone-melting, is based on the

same physical law that explains the formation of salt-free ice in the saline

waters of the Arctic Ocean. It is now being used extensively in the com-

mercial production of ultra-pure germanium, and it is being applied on a

laroratory scale to a host of other matcerials,

\ttainment  of perfect purity in clemental sub-
stances and  compounds  has been a - continuing
challenge to science and technology, for impurity
is like a veil which hides the true properties of
a substance. Only after the last traces of impurity
have been removed can the intrinsic qualities of a
sul stance be revealed. Break-throughs in the search
for purity have often led to new scientific discov-
erics or to the birth of new industries.

A general technique for the purification of crys-
tall ne solids, which is almost as old as chemistry
itse f, is that of repeated fractional crvstallizations.
It Las been widely nsed in the past and has im-
por ant uses in the present day. Nevertheless, it has
the disadvantage that it requires a troublesome, re-
pea ed sequence of manipulations, namely: melting
or cissolving the impure crystals, slow freezing-out
of a fraction of the melted crystals, removal of the
purc crystals from the remaining impure liquid. and
recombination of the removed fraction with other
frac ions. Although many difficult separations have
beer made in the past, such as the isolation of

radinm by the Curies aud the separation of the rare
curths by Jumes and co-workers, these are more a
tribute to the perseverance of the workers than to
the efficiency of the method.

Now, a fresh outlook is in the offing for this cen-
turies-old technique. By means of a new method,
known as zone-melting, repeated  ervstallizations
can be performed with a minimum ot effort, and
as a result, the impractical has become feasible.

Zone-melting was invented in the Metallurgical
Reseurch Departiment to purify  germanium - tor
transistors, and in this task its success has been
spectacular. The method is not restricted to ger-
mianium, however, but can be applied to silicon
and other semiconductors, metals, organic and in-
organic compounds, In fact, it is useful for any
crvstalline substance which can be sately melted
and in which there exists an appreciable difference
{bove — D. Dorsi operating a small, general pur-
pose zone-refiner used in studies of the purification
of metals and chemicals.
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in impurity concentration between the freezing
solid and the liquid from which it freezes.

Further, zone-melting has important uses other
than purification. For example, it can be used to
distribute a desired constituent uniformly through-
out a crystalline solid. It can also be used to
produce p-n or n-p-n junctions — the basic build-
ing blocks for junction transistors and diodes.

In this article we discuss the use of zone-refining
to remove impurities from germanium and the use
of zone-levelling to produce highly uniform single-
crystal ingots of germanium. Other variations of
zone-melting will be touched upon briefly.

The method of zone-refining consists of slowly
passing a series of molten zones through a relatively
long charge or ingot of impure solid. The zones

can be produced by external, ring-shaped heaters,
as shown schematically in Figure 1. As a molten
zone advances, impure solid melts at its leading
interface and purified solid freezes at its trailing
interface. Each molten zone which passes through
the charge carries a fraction of the impurity toward
the end of the charge. The purification increases
with the number of zone-passes, approaching a
finite limit after a large number of zone-passes have
been made. Thus, the repeated sequence of trouble-
some steps heretofore used for fractional crystalli-
zation is reduced to a very simple operation.
Germanium purified by zone-refining is probably
the purest known manufactured material. Germa-
nium for transistor use is available, already in high
purity, as germanium dioxide powder. The dioxide

Fig. 2 — Induction-heated zone-refining apparatus used for the purification of germanium. An impure

germanium ingot in a graphite boat passes through six d-turn induction coils connected in series, each

of which produces a molten zone that traverses the ingot.
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is reduced in hydrogen, forming germanium powder
which is then melted and solidified in the form of
m ingot which may be from 12 to 20 inches long
md an inch or more in diameter. The ingot is
slaced in a long graphite container and slowly
ulled through a series of induction heating coils,
as shown in Figure 2, each coil producing a molten
cone which travels through the ingot. This simple
operation reduces the concentration of impurities
throughout most of the ingot to less than one part
i1 10,000,000,000 parts of germanium.

The zone-refining method for purification of ger-
nanium has been widely adopted by the transistor
and diode industries. 1t has eliminated batch-to-
I atch variations in incoming germanium by raising
all of it to extremely hizh purity. It can also be used
to recover scrap germanium that has not been too
¢ o ntaminated l)y impurity,

With pure raw material in hand, the next step
i1 fabrication of a transistor or semiconductor
d'ode is usually to prepare a single crystal ingot
o the desired electrical conductivity, The con-
dactivity is produced by adding an element of
Group IIT or Group V of the Periodic Table, such
as indium or antimony, The amount of additive is
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un. form in the latter,

quite small, about 1 atem per 100,000,000 atoms
of rermanium.

2 number of zone-levelling techuiques have been
devised for this purpose, the object being to intro-
duce solute (a soluble element) as uniformly as
pos.ible throughout a solidificd ingot. In one such
tecl nique a long ingot of zone-refined germanium.

[UNE, 1955

which is usually polyerystalline, is placed in a
boat. A single crystal seed is placed at the lead
end of the ingot to cnsure single crystal growth.
A small pill of addition alloy, containing antimony
for example, is placed in a groove at the lead end of
the ingot to provide the desired level of electrical

Fig. 4

apparatus. In this operation a desired addition-

C. F. Larkin operating the zone-levelling

agent (antimony) is placed in a single molten zone.
which then traverses the ingot, producing a large

single erystal of a uniform antimony concentration.

conductivity. molten zone is formed by an in-
duction-heating coil at the juncture of seed and in-
got and is made to traverse the ingot by puiling the
ingot through the coil. The apparatus is shown in
operation in Figure 4. The reason why a uniform
concentration of antimony s produced may be
seen as follows:

As the molten zone travels through the ingot there
freezes out behind it a solid whose antimony con-
centration is always proportional to that in the zone.
But the proportionality constant for antimony is
very small, about 0.007. Hence little antimony is Tost
by the travelling zone and therefore the antimony
concentrations in the zone and in the solid freezing
from it remain essentially constant. When the zonc
reaches the end of the ingot it begins to contract,
causing the antimony concentration to rise. How-
ever this deviation from uniformity is limited to a
short region at the end of the ingot.

Before the introduction of zone-levelling, it was
impossible by simple means to produce a germa-
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Fig.5— 1. J. Gillich measuring electrical resistivity

along the length of a zone-refined germanium in-

got, using an apparatus which automatically brings

4 electrodes down on the ingot at 0.1 inch intervals
&

as it traverses the ingot.

ninm ingot having a substantially unitorm resistivity
over a major portion of its ]onﬂth Ience, much cx-
pensive germaninm had to be Ioploc(‘ssed, because
uniformity of transistor and diode propertics re.
quires C()rrospon(ling uniformity in the C()nductivit_\f
of the germanium. A comparison of zone-levelled
and conventionally solidified ingots of germanium al-
loyed with antimony appears in Fignre 3. The con-
centration of antimony is uniform in abont 83 per
cent of the length of the zone-levelled ingot. A
photograph of u single crystal ingot of zone-levelled
germanium appears in Figure 7, together with a
p()l\ crvstalline ingot of zone-refined germanium.
The large, highly perfect and hlghly nuniform
single uvxtdl sho\vn in Figure 7, which is now a
plo(lnct of manufacture. (hd not appear overnight.

Fig. 6 — Miss L. C. Lovell measuring carrier life-
time of a sample cut from a zone-levelled gerniani-
Such
purity. ervstalline perfection, and suitability of the

um single-crystal. measurements  indicate

germaninm for transistor use.

It represents the culmination of much painstaking
exploratory development. The work has been ac-
companied by an unexpected scientific dividend,
namely the proof that a particular tvpe of crystal
imperfection known as an edge dislocation does
exist in real crvstals.® And this has led to fruittul
scientific studies of dislocations — an example of
how pure research and development often comple-
ment and reinforee each other at the Laboratories.

A mumber of new zone-melting techniques have
been devised and are nnder development. The ob-
ject of zone-remelting is to produce p-n or n-p-n
jmlcti()ns. In this process a singlv cr_\‘stul of germa-
nium is prepure(l containing uniform concentra-
tions of two carcfully-chosen solutes,
ing n-type and the other p-type conductivity. When

one produc-

Fig. T— A polyerystalline zone-refined ingot of

germaniwm at the left, exhibiting grain boundaries,
compared to a highly perfect and highly uniform
single crystal zone-levelled ingot.

both are present, the observed conductivity-type
corresponds to the solute whose concentration is
greater.t A portion of a block cut from such a crys-
tal is next melted and then refrozen. By this simple
operation, the solutes are redistributed in snch a
way that p-n or n-p-n jlmctions result.

In another known as temperature-

gradient zonc-melting, moving heat sources are un-

technique,

® Reconn, March, 1954, page 104, 1 August, 1954, page
285.
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necessary, as the molten zones are moved by means
o’ a stationary temperature-gradient. A feature of
this technique is that molten zones of extremely
sinall dimensions can be caused to move about in
a solid erystal. A sheet of aluminun 0.003-inch thick
sendwichied between two silicon slabs can be made
te migrate in molten form through one of the slabs
o silicon by applving a temperature-gradient at
richt angles to the sheet. The reason why the
mwolten laver moves may be scen as follows:

When the aluminnm sheet is heated it forms a
lew-melting-point alloy with silicon by dissolving
siicon from the slabs. Because of the impressed
temperature-gradient, one  interface of this thin
laver is hotter than the other. IHence more silicon
dissolves there. This sets up a C()ncentmti()n-gra(li-
e1 t of silicon across the laver, causing silicon to dit-
fuse from the hot interface to the cooler interface,
were it freczes. The continued solution of silicon
at the hot interface and freezing at the cooler inter-
ta,¢ results in movement of the molten laver through
th> hotter slab. This technique provides a method
to - fabricating new tvpes of semiconductor devices.
It has many other uses as well, now being explored.

I't E AUTHORS

While the method of zone-refining, described at
the beginning of this article bas many virtues, it is a
batch operation and as such has certain disadvan-
tages inherent in batch operation. To avoid these,
a continuous zone-refining process has been devised
in which impure material continuously enters at
the midpoint of a column through which molten
zones are travelling, while pure product leaves at
one end and impure waste leaves at the other end.
A(l\'untages of the continuous process are that it
climinates handling of successive batches of material
and that it can produce a large vield of purified
material per unit of tine,

All of these zone-melting techniques stem from
one well-known fact — that a freezing crystal differs
in composition from its liquid — and trom one sim-
ple idea, the idea of melting part, rather than all,
of an ingot or charge at a given time. In general,
the charge mayv be regarded as a medium and the
molten zone as a distributor of solutes in the medi-
um. Depen(ling on the arrangement of solutes in
the starting charge, and on the size, number, and
direction of travel of the zones. manv useful dis-
tributions can be achieved.

WirLianr G, Praxs received the 1955 Mathewson Gold Medal Award of the

American Institute of Mining and Metallurgical Engineers for his invention of
the zone-melting process of refining germanium and other materials as described
in three papers in the Institute’s publication “Journal of Metals.” Associated
with the Laboratories” Metallurgical Research Department since 1936, Mr.
Pl nn was engaged in work on microscopy, silicon rectifier development, and
cle ‘trical contact studies, and, since 1948, in rescarch on transistor materials
and processes. He received a B.Ch.E. degree from Cooper Union in 1940 and
is « member of the American Institute of Mining and Metallurgical Engineers,
the American Physical Society, the American Society for Metals, and Tau Beta Pi.

JUNE, 1955

Kane M. Ousen joined the Laboratories in 1929 and was first engaged in
studies on cable sheathing materials. During World War 11 he was active in
the Manhattan Project, and until 1949 he worked on the processing of silicen
and germanium and on the preparation of semiconductor rectifiers. The author
of numerous articles on semiconductor materials, he has been granted several
patents for processes he developed in this field. More recently, he has devoted
his time to general metallurgical processing studies, including zone-melting and
ferrite core preparation. Mr. Olsen received the degree of B. S. in chemical
engineering from Cooper Union in 1936 and the M. S. degree in metallurgical
engineering from Columbia University in 1942,
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G. H. DUHNKRACK Swiiching Development

Diagnosing trouble in a common-control switching system, snch as No. 5

crossbar, can be compared to diagnosing trouble in the human nervous

system. Like the psychiatrist, who may be a trouble-shooter

in the sub-

conscious, the telephone craftsman is an electrical and mechanical trouble-

shooter in a No. 5 crosshar central office. The psychiatrist, by analyzing

what the patient tells about himself, can often isolate the source of trouble

in the subceonscious, Similarly, the telephone eraftsman, by studying the

information given by trouble recorder cards, can usually isolate the source

of trouble in No. 5 crosshar. Fortunately, in telephone equipment, when the

source of trouble is located, it is usually a routine task to correct it.

When irregular operating conditions develop in
No. 5 crossbar dial-central office ‘equipment, they
are usually reported on cards perforated by the
trouble recorder apparatus that forms part of the
master test frame.® These cards are then analyzed
by maintenance craftsmen who use the card infor-
mation and a set of charts and sketches to locate
the troubles, usually in a relatively short time.
Necessary remedial measures are then applied to
clear the operating difficulties.

The trouble recorder cards have two sections
that provide space for a total of 1,080 punch in-
dications — 18 rows of 60 cach. The actual number
of holes appearing on a particular card, however,
varies widely with the tvpe of trouble being re-
ported. \1()1(()v01 only portions of the
used for troubles of :
illustrated in Figure 1(a), for example, was punched
because a marker

ard  are
v particular tvpe. The card
scized the trouble recorder and
brought in an alarm when it encountered trouble
while estul)]ishing a connection to an ()ntg()ing

trunk. The parts of the card that are not used in

® Reconn, May, 1950, page 214.

206

recording a trouble in such a connection are indi-
cated by shading in Figure 1(b). Reporting this
particular trouble required a total of 134 punches.

The letter-number designations Rro to R and so
to ss appearing at both ends of the card are used
to label the rows. These designations. combined
with the nnmerals (0 to 59) across the top of the
card, form a precise coordinate svstem for the vari-
The coordinates, sx-0, for ex-
ample, refer to the perforation 11 in the upper left-
hand corner of the card, and similarly any punch
position can be identified.

Each trouble recorder card is divided by heavy
lines into seventeen major divisions and these divi-
sions have been arbitrarily assigned the letters a
through @ as shown on the card in Figure 1(b).
All the punch indications in one of these major
divisions supply related information. Division a,
for example, indicates the class of record being

ous punch positions.

made, the tvpe of connection being established, and
the type and number of the circuit that reported
the trouble: Division 1 contains punch indications
that show the progress of a call through a marker;
Division ¢ tells the date and time that the card

BELL LABORATORIES RECORD
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Fig. 1

was pertorated. Each of these major divisions is
civided into a series of subdivisions indicated on
tae card by the light lines. Within Division a, the
| osition ss-0 forms one  subdivision, to
cnother, and ss-5 to sx-s a third, ete. Each of these
subdivisions contains closely allied information of
¢ specific nature. One of the subdivisions, ss-11 to
s+-15, for example, identifies the tvpe of cirenit that
called in the trouble recorder to make the record.

In analvzing a trouble, a maintenance craftsman
frst learns from the card the type of connection
Feing established and the circuit that reported the
touble. He then checks the progress perforations
in Division 1 of the card. These indicate the opera-
ton of key relavs in establishing a connection, and
il any are

S8-1 S8-4

the failure of the associated
relav provides a clue to the nature of the trouble
comdition. Since the order of these punch posi-
tions on the card does not necessarily correspond
to the order

ISsing
I]]lh.\”]b.

in which the various associated relavs
the maintenance man next consults a se-
qience chart.® There is one such chart for each

type of calll and the chart for the call indicated

oHerate,

® Reconn, Decendber, 1933, page 492,

on the trouble card is selected. The appropriate
and punch indications are illustrated on
these charts i such a way that the sequence of
operation can be determined  casily.

refavs

After the sequence of operation las been es-
tablished, one of the missing punch indications is
selected and an index is consulted in reference to
this punch indication. The index provides the num-
ber of the circuit sketeh containing the electrical
path for the relay that controls the particular punch
in question. The operating path in this sketch is
studied, and the elements in this path are then
tested to locate the trouble. The headpiece ot this
article shows a telephone craftsman at the No. 5
crosshar office in Englewood,
ing a trouble in this wav,

New Jersey, analyz-
Tho binder in his hand
contains circuit sl\et(hes and the sequence chart
binder is open at the right of the picture. The mas-
ter test trame appears in the background.

In the trouble example shown in Figure 1(a),
the punch at sx-15, labeled s, indicates that the
trouble recorder was called in by a marker. A punch
at ss-14 would have indicated that the process was
initiated by a pretranslator;
s8-17, an AMA recorder:

sx-16, a transverter;

and ss-15, a master timer.

Trouble recorder cards. (a) Card punched as a result of a trouble encountered by a marker in attempting
to estavlish a connection to an outgoing trunk. An open circle above the punch designation indicates missing perfora-

tion. (5 Shaded areas represent parts of card not used in reporting troubles of the type indicated above,
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In analyzing the trouble reported by this card, a
craftsman first learns some basic facts about the
trouble from the punches in Division a, Figure
I(b). The punch at ss-o0, for example, tells him that
the trouble was encountered on a regular service
all. 1f the connection had been for a test or moni-
tored call, a punch would also have appeared in

that this connection required the use of a sender.

Since the maintenance craftsman now knows that
the call was for an outgoing trunk connection, he
uses the sequence chart for this type of connection
to assist him in analvzing the trouble. A portion of
this chart is illustrated in Figure 2. This chart is
actually a graphic representation of the sequence

B c D E F G H | J K L M
X MS(ORMC) 100
[ T
H 1 101
1 b otm
MO (ORMC) X MA (ORMC) 102
(58 30)
} WV OR CKG2 CKG3 103
H (s49)
HGO, 2 1 oL | W CKG
> I 104
(R115-17) (s8 33) (s8 31) CHE
R GTL3 XRYC HMTI 105
{58 35)
0SG |
Wisio-s L HG'0,2 X HGO,2 LXPt 106
/It\ 4lr\ (RO15-17) ’ v(st 36)
WV son : | | (sg% 5062 107
(s7n)| J(FTCK : = CGT
| cBe S / 108
i (56 40) : (57 30)
| [ cB? cB3 109
[ [ HGT-
1
| (53 45-29)] Rk1,2 1o J '
T HIKI  l(s856-57) Cig. 2 — Portion of a
| K MP(TL) v 1 & f
[ lssa T I (5732) sequence chart for an
i X MC  Wck i WV RK3 na2 .
: | (s16) (TL) (s8 41) LLFK H (58 58) outgoing trun k con-
1 | | 13 N J
1 nection  that
1 osk : IMakt | 1Bk 8729 1 emL :
* i X'vw | b 4 HG2(LL) 11a the maintenance man
1 (5114) I |(sa 43) [(ssaa) | bsea2) | gk
| I I . s to analyze trouble.
| H ] i 1 {57 36)
: i : :ﬁ—: ne
1 TCHK |
t ] !
| ! X v : | 17
| : (58 48) LK :
| | K F(T) XV 18
S + I (58 29)
X WwsLkil JCKO,1 [RE-]
(st 20/ l(gg 50 Jiek
>‘ﬁ V¥V X V¥ i(sJeCrn 120
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NOTE:

RELAY OPERATED
ARE LOCATED IN MARKER

—_—

UNLESS NOTED AS BELOW, RELAYS

RELAY AND PUNCH INDICATIONS
CIRCLED ARE THE ONES THAT

ARE MISSING ON THE TROUBLE
RECORDER CARD, FIG.1

1 (ORMC) ORIGINATING REGISTER

1 INTERMEDIATE APPARATUS MARKER CONNECTOR

| OPERATIONS

! m TRUNK

* TROUBLE RECORDER PUNCH (TL) TRUNK LINK AND CONNECTOR
(LL) LINE LINK

one of the positions ss-1 to ss-11. As previously
mentioned, the punch at ss-15 tells him that the
trouble recorder was called in by a marker. The
combination ss-1y and s7-19 gives him the marker
number — in this case, No. 0. The two remaining
punches in Division a, soc (subscriber outgoing)
at s7-7 and sox (sender outgoing ) at si-11, indicate
that the marker was establishing an outgoing trunk
connection when the trouble was encountered, and

208

of operation of the relavs and other components
involved in a part of the marker operation. The
relay designations are arranged in a relative time
order on the chart from the top down, and are
connected by appropriate lines to show the inter-
dependence of successive operations. For example,
relays ninrr1 (coordinates x-105) and cne (M-105),
shown in Figure 2, operate simultaneously and are
preceded by the operation of relays ckc2 (k-103)

BELL LABORATORIES RECORD
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mnd k63 (M-103). This chart also indicates that
‘he operation of any relay is dependent on the action
ot the preceding relays in all associated Dranches
f the circnit. The way in which these relavs are
nterdependent can be seen in detail by t()ll()wm(r
he clectrical operating paths given in the circuit
sketch, This means that not ()nl) does the operation
f Lxpr (k-106) depend on marrr (k-105), but it
Uso depends on the operation ot cin: (sz-105).
After the sequence chart has been consulted. the
narker progress points in Division 1 on the trouble
‘ccorder card are compared with the chart, and it
s noticed that several punches that should have
appeared  for an outgoing trunk  comnection are
nissing. These missing punches are indicated in
figure 1(a) by an open circle above the punch
designation. One of the missing punches is in the
position labeled 1k (coordinates ss-31) and  this
ocates an important check point in the progress
of the call. A punch at this point would indicate

MARKER

cB? HGO HG2 cB3
b

is found that the punches corresponding to the re-
lavs FAK(C-120). LeK(D-120), TCHK(E-117), LK(F-
ns). Jekoa(c-ne), and cne(a-0s) are present,
but nek(o-115) and res(e-112) are missing.  Co-
ordinates for these punches on the trouble recorder
card are given near each punch position on Figure
2. The trouble then must be in the branch of the
circuit containing the ner(i-115) and wx3(i-112)
punches and relavs, Further checking on the se-
quence chart (Figure 2) shows that the operation
of the nek(n-ns) relay depends on that of the
nez(u-110) relay in the line link frame, which in
turn depends on wrki(n-111) in the marker. The
operation of ki further depends on ner(n-);
and res(1-12) depends on mre1 and BRe2(E111).
These punches are also missing from the card and
hence, the location of the trouble is narrowed to
this arca.

At this p()lnt it is necess: v to consult a circuit
sketeh to study the paths for the re lavs correspond-

&
r ray e >

HGT2 @)
n HGT2 PUNCH OPERATES
i IN PARALLEL WITH HGT2
U 4% 148 RELAY WHICH DEPENDS ON
HGO AND HG2 RELAYS

i ORIGINATING 1
ORIGINATING! REGISTER i
o . REGISTER | MARKER i MARKER (b)
Fig.3— Part of a cir- Hgo ! CONNECTOR - a1
. : L ! L o N J HGO AND HG'O PUNCHES
cuit skoteh  showing ' ——— H— > { 48 OPERATE IN PARALLEL
H RD MD ! U WITH HGO RELAY
the paths for relays ! :
governing missing ' ' @
punched holes on the
card in Figure 1.
MARKER
TK ()
JCKI CHE  HGK  RK  S0G2 e
e H—HH A% A% a8 ON OPERATION OF
JCKO LCK  TCHK  RK3  FAK PRECEDING RELAY CONTACTS
O TROUBLE RECORDER PUNCH ~—w— CLOSED RELAY CONTACT —48 48 VOLT BATTERY

that all the relay operations necessary for one phase
o. the marker ()pcr.ltmn had bheen C()mpl( ted.

The nest step is to locate the Tk relay on the
portion of the sequence chart illustrated in Figure
2 (coordinates p-121) and notice that its operation
d pends on the operation of relavs in several pre-
ceding branches of the chart. The relavs immediate-
v preceding Tk in each branch of the chart are
checked against the trouble recorder card and

JUXNE. 1955

ing to the missing punches, In these sketches, as
illustrated in Figure 3. the boundaries of the con-
ventional  schematie (]iugr:un are C()mplvtv]y olis-
regarded. For simplicity, relavs and their contacts
are detached, and the operating paths for all relays
and other apparatus are shown completely trom
48 volt battery to ground.®

From a study of the sequence chart, the crafts-

Reconn, July. 1934, page 261.
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man decides that the ner-relay (m-110) is a logical
starting point in his search for the trouble, since
it represents the first missing punch in the sequence.
10 16T relavs and to determine
which one of them is applicable in this case, the

There are, however,

craftsman checks the trouble recorder card and notes
that the calling line is located in horizontal group
2 in the line link frame ay indicated by the presence
of the nco and ne2
on the card. This indicates that the operating path

punches (coordinates ri-15, 17)

for the ner: relay should be examined. The num-
ber of the circuit sketch containing the path for
this relav is obtained from an index and the proper
sketch is found to be the one illustrated in part
in Figure 3.

As shown in line (a) of the figure, the missing
ner2 punch operates in parallel with the ner2
The operation of this relzly, however, de-
pends on the closure of contacts on relavs cns, nez,
Hco, and csr. To determine which of these relavs
did not operate, the craftsman tests their con-
tacts for closure in the actual circuit. The check
indicates that the nco contacts did not close and
hence the path for the operation of that relav is
to be checked. This path, as illustrated in line (1))
shows that the Hco relay operates in parallel with
the 6o and 16’0 punches. Since these punches are
present on the trouble recorder card (mi-15 and
Rro-15 ), the operating path from ground is complete
up to the winding of the nco relay.

The sequence chart shows that the operation of
uk1, nk2, and nk3 depends upon the operation of
the uco relay (Column 1, Figure 2) and hence,
these rk- punches are also missing on the trouble
recorder card. Line (¢) of Figure 3 illustrates the
way the missing 1k punch that formed the basic clue
to locating this trouble condition depends on the
operation of the preceding relavs in various branch-
es of the sequence chart. Failure of any one of the

relay.

THE AUTHOR

relay contacts shown would prevent the Tk punch
indication from being perforated.

At this point, the craftsman locates the faulty
Hco relav on the marker frame from information
given in the reference material and an operational
check is made. This check can be made in two
wavs.
continuity of the operating path, or the same call
that caused the marker
corder can be simulated on the master test frame,
and the operation of the relay observed when the
remote control start kev at the marker frame is de-

A head receiver can be used to test the

to seize the trouble re-

pressed. If the latter method is used, it is noticed
that the nco relay does not operate. The head re-
ceiver is then used to check the continuity of the
operating path through this relay winding and this
path is found to be open. After the taulty relay has
been replaced, the same call is again checked on
the master test trame, and if the call is completed
without bringing in the trouble recorder, the diffi-
culty has been satistactorily cleared.

When the trouble recorder card is first received
by the crattsman, it is dated and the name of the
central office recorded in the space provided for
After the trouble is cleared, a
record of the difficulty found and the action taken
is made at the center ot the card, and it is signed
by the people who took the action. Any a(ld]tl(mal

this information.

facts pertinent to the trouble condition are entered
on the back of the card which is then filed to pro-
vide a permanent record of the trouble encountered
and the action taken.

Since No. 5 crossbar is a complex common-con-
trol switching svstem, the procedure for locating
faults actually amounts to a diagnosis and a crafts-
man must be trained in these techniques of main-
tenance. Ay experience is gaincd in these teclmiques,
faults or trouble conditions are quickly analvzed,
located and corrected.

210

analvzation of local and long-distance circuit design.
he helped design remote  control
and conducted tests on groundwave and skvwave
recently he has supervised the preparation of training and maintenance ma-

G. H. Dunxgrack joined the Laboratories in 1923 after six vears with the
Western Electrie Company. Until 1940 he was engaged in work on design
and construction of long-distance central office equipment, and blll)t‘]\’lb(’(l

During World War 11
radio transmitter circuits for milituy use
radio transmission. More

terial for the No, 5 crossbar svstem.
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Dr. Kelly Recommends Graduate Training

in Creative

Nothing is more important in keeping the nation
scrong than an adequate supply of scientists and
¢ngineers trained in modern creative technology, Dr.
M. . Kelly, President of the Laboratories, told the

fmerican Socwt\/ of Mechanical Engincers recently.

“In the contest of the free world with Russian
ispired communism, there is no action for increas-
irg the Nation’s strength of greater continuing im-
portance than that of providing an adequate num-
Fer of sufficiently trained scientists and engineers
exacting

th meet the (*xpun(ling and ever more

reeds of creative technology,” he said.

Dr. Kelly spoke on Tmmln(f Programs of Indus-
tv for Graduate Engineers” ASMEs
75th Anniversary Meeting at Stevens Institute of
Technology.

before the

The area of creative technology — applied  re-
s arch, development, and systems and design engi-
neering —is uniquely the area where the graduate
eagineer is inadequately prepared for the profes-
Kelly said.
The recent tremendous expansion in basic re-

s (mdl career on which he embarks, Dr.

search, with the accompanving dyvnamic progress
in technology and engineering, is pl()l) ably the chicet
cwse of this ditlicult prob]em tacing both engi-
n-ering educators and industrialists. Pure research
has increased the scope and depth of knowledge
arout matter and the laws governing its behavior.
This expanded knowledge has provided creative
technology with a vast reservoir of opportunity to
d=velop new and more eflicient facilities for both
n ilitary and civilian use.

“The voung man of 1955, entering his career in
¢ -cative technology in electronics
tions, is presented with a widely different vista from
the voung man of 1940”7 Dr. Kellv said.
t rit)‘ in the 1)11}'51'(‘;1] sciences of a new order must
b integrated with his engineering and technical

and communica-

ma-

background.”

To develop this maturity in its engineering gradu-
aes, Bell Laboratories initiated its Communications
Levelopment Training Program. This tl]rcc-yer‘,
p ut-time program emphasizes incereasing depth in
the physics, chemistry and mathematics essential
tc modern technology, with advanced courses in
communications and electronic technology.

“We consider this educational experiment a suc-
Kelly said. ™

cess.” D Our experience in this pro-

JVNE, 1955

Technology

* for Lngineers

gram, accompanied by collateral observations, has
led to some general conclusions about educational
requirements and the training to meet them for cre-
ative technology. These conclusions may he sum-
marized as follows:

(a) “Four-vear
dent of the nature of the curriculum, is inadequate
for a professional career in creative

(1) “The larger the basic science (physics, chem-
istry, mathematics) content of the curriculum, the
better is the course for those preparing tor creative
technology.

training

engineering g, indepen-

technology.

(¢) “For the specific development, design, and
engineering areas of creative technology, an indus-
trv can well provide the four-yvear engineer with
the additional training required.

(d) “For the research and fundamental develop-
ment areas of creative technology, training to the
doctorate level in science or engineering is most
desirable. A man, plaiing to enter these arcas,
can hardly afford, in his own interest, to have less
training

(¢)
demic institution. Industry cannot provide the en-
viromment and stimulation of a graduate school.

(£) “While there is need for more men trained
to the doctorate level in hoth science and engineer-

“Training to this level is best done in an aca-

ing, the shortage in engincering is much more
pronounced. Increased training to the doctorate

level in engineering is a national need of major
importance.

(¢) “The enticing opportunities for graduate en-
gineers, occasioned by our present relatively low
engineering school enrollment and the ever-increas-
ing demands for engineers, do not provide a good
national environment for graduate training in engi-
The nceds for the added training to the
doctorate level should be more generally recog-

I]t‘t‘l'll]g.

nized, especially by our engineering faculties.

(h) “The projected increase in college enroll-
ment, almost double by 1970, coupled with the
cffort to increase the percentage of entrants choos-
ing science and engineering, does not pr()vide a
good environment for increasing the basic science
markedly
of engineers continuing to

content of engineering curricula or for
increasing the number
the doctorate level.”
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Safer Testing Aids

J. T. SCHOTT Military Engineering

(Formerly Transmission Systems Development)

Although the Bell System has won the National Safety Council’s highest

award for the past several years, the entire system, including the Labora-

tories, is constantly striving for ways to further decrease the number of

accidents that may oecur. In line with this policy, a volt-ohm-milliammeter

and several sets of special leads to go with it have bheen designed to pro-

vide a maximum degree of safety to the user. These testing aids are now

available for use throughout the Bell System.

A general purpose volt-ohm-milliammeter, and
several attachments designed to be used primarily
with that meter, are now available for general Bell
Svstem use. This equipment, designed for electrical
tcsting in goneml and \‘oltuge measurements on
electronic apparatus in particular, is convenient
to use and provides some important built-in safety
features.

The meter, now standard for field use, is shown in
Figure 1. It features a number of improvements over
previously available models. These include simpli-
ficd open scales that are easily readable, and a single
large-handled switch for changing scales. In addi-
tion, there are only two points of connection to the
meter. De and ac ranges up to 600 volts are provided,
with full-scale accuracies of two and five per cent
respectively and sensitivities of 20,000 ohms per volt
for de and 3,000 ohms per volt for ac. Current ranges
extend to 120 milliamperes. Resistance ranges are in
decade steps with the ohmmeter circuit fused to give
a degree of protection against burn-out of circuit

212

resistors should the meter inadvertently be connected
across a relativelv high voltage source with the
switch on a resistance measuring position. Connec-
tion to the meter can be made only by use of com-
pletely insulated connectors, designated KS-14330,
which must be inserted into the two recesses in the
face of the meter case. To protect the user against
accidental shock, no metal part carryving a voltage is
exposed on either the meter or the connectors. A pair
of conventional test prods complete with leads and
the new connectors is furnished with each meter. A
simple metal stand is also available for holding the
meter tippcd up at a convenient \'iowing angle when
it is used for bench testing.

A new safety prod provides a solution to the long-
standing problem of improving safety in measuring
voltages on “live” electronic equipment; that is, with
normal operating voltage applied. Conventional test
prods gencrally have an exposed metal tip ot some
length. When such a prod slips from the point of con-
tact, s it often does, possible short-circuits between

BELL LABORATORIES RECORD
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terninals or between a terminal and ground can
result in blown fuses or damaged components. Min-
iate rized equipment has greatly increased the likeli-
hocd of this happening. The newly developed safety
prol prevents such accidental short circuiting or
maling improper contact. The possibility of injury
to personnel resulting from sudden muscular reac-
tior s brought about by surprise flashing or sparking
is a4 so minimized.

The safety features of the prod result fron the use
of ¢ retr dctal)le spring-loaded nylon insulating tube
Undo]
normal conditions, this tube completely covers and
extcnds bevond the end of the metallic rod, acting

to surround the metallic contacting rod.

as a Uuurd to prevent any unwanted contact.

T) make a voltage measurement, the desired point
can be located by counting electron tube socket
spriags or ter minal block punchings, using the end
of the white insulating guard tube as a pointer or
indizator. The open end of the extended nylon guard
is tl en placed over the particular lug or terminal so
as th cover it completely or partially, as shown in
the headpicee, Revda using the
safe-y prod to measure a voltage in a tlght location.
The inset illustrates how the insulating guard holds

which shows ].

the prod on a terminal and prevents sl]ppm(f With
the head prevented from slipping, the prod can be
hele near the tail end, thus moving the hand to a
safe distance from voltage exposure.

E ectrical connection to the test point is made by
pusting the body of the prod toward the terminal,
in ooposition to an internal spring, until the inuer
metitlic rod makes contact. The face of the rod tip is
mad » of hardencd steel which is deeplv grooved to
procuce several sharpened points around its peri-
pherv. This contacting rod is supported within the
proc so that in the event of a doubtful contact, a
slight twist of the prod body will also twist the rod,
caus ng the face to cut throngh to a clean contact.
When the prod is withdrawn, the safety guard again
extends to its normal position. The user of the prod
can roceed confidently to seek out the test point
desiiad, knowing that there is practically no possi-
bility of accidental short circuiting. After placing the
prod guard over the test point, he can devote his full
attention to reu(ling the test instrument knowing that
the yrod is not likely to slip off and cause damage to
the istrument or any component of the circuit that
is be ng tested.

Th> safety test prod is packaged in two different
wavs as part of a two-lead combination, and aloue.
For seneral voltage-to-ground testing, specifically
with the previously deseribed meter, a pair of test

JUNI, 1955

leads is available. Both leads are equipped on one
end with the spcciu] connectors require(l for connec-
tion to the meter, and at the other end, one lead is
provided with a safety test prod, and the other with
a substantial test clip for a firm ground connection.
This combination has been designated “KS-14510
List 6 Satetv Test Leads.” Where the prod is to be
used with other types of meters or circuit checking
instruments such as cuth()d(‘—ray ()scill()scopcs, the
prod alone (List 7) is available to be attached to anv
desired tvpe of lead.

In future equipment designs, it is expected that,
by use of the safety test prod, the pin jacks ordinarily
used at meter reading circuit test points can be sup-
planted by a simpler and smaller detail. In addition,
many test points can be brought together in the form
of a miniature terminal block, thus saving space and
yet permitting contact to each test point with com-
plete isolation from all others.

Two attachments for extending the de voltage
range of the test meter are also available. These con-
sist of two sets of test leads, as shown in Figure 2,
cach inclnding an appropriate voltage-multiplying
resistor housed in a well insulated probe to be held
in the hand. Special attention has been given to the

Fig. I — Front view of a KS-14510 volt-ohm-milli-

ammeter now available for Bell System use.
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Fig. 2—The author illusirates the designs of the
KS-14709 L1 test leads (3 kv) at left, and at the
right, the KS-14708 L1 test leads (12 kv), shown
connected to the KS-14510 meter.

lead and connector arrangements to provide a high
degree of safety in use. One set, the 12-kv test leads,
is intended primarily for maintenance testing of
video monitors. It extends the dc voltage scale of the
meter to 12 kv. The meter end of the “high” lead is
fitted with a safety connector provided with a re-
tractable insulating guard tube similar to the safety
prod described earlier. The “high” side connection
to the meter can only be made by inserting the
insulating guard into the connection recess and de-
pressing the connector body against an internal

THE AUTHOR

spring until contact is made. The connector is held
in this position by hooking the foot of a metal “L”
under the meter as shown in Figure 2. To disconnect
the “high” lead, the “L” detail is swung out, per-
mitting the connector spring to extend the guard
tubc and thus break the connection. Since the “live”
parts of the connector are always covered, the user
is protected against ordinary contact hazard, and
against any injury that might result from surprise
sparking in case the probe is connected to a high
voltage source while the meter end of the lead is
lving free.

The second set of leads is intended for mainte-
nance testing of mobile radio transmitters, video A
scopes, and laboratory test oscilloscopes. These leads
extend the dc voltage scale of the meter to a full-
scale reading of 3 kv. Since voltages in this range are
somewhat less hazardous, and since it was desired
to have this probe look distinctly different from the
12-kv model, a smaller, simpler probe was designed.

Both 12- and 3-kv probes are used with the meter-
switch set on the 3-volt dc position. The 12-volt scale
is read as a 12-kv scale in the first case, and the 300-
volt scale as a 3,000-volt scale in the second. Both
12- and 3-kv. combinations also have a ground lead
equipped with a substantial clip. In each set, the two
leads are bound together at a point a short distance
from the meter connectors. This compels use of the
complete assembly as a high voltage kit and prevents
improvising that might occur it the leads were sep-
arated and one misplaced. Having a separate harness
for special use also serves as a psychological warning
to exercise caution in high voltage measurements.

Even though the new high voltage prod arrange-
ments provide improved safety, personnel should
continue to observe the usual precautions recom-
mended in higher voltage testing,

After receiving the degree of B.S. in E.E. from the University of Illinois in
1921, J. T. Scnort joined the American Telephone and Telegraph Company
where he was engaged in the development of telephone repeaters, echo sup-
pressors, and special service toll circuit arrangements. He became a member
of the Laboratories in 1934, for a time in the Toll Facilities Department and
later in Transmission Development, continuing the same work. In 1942 he
became engaged in military projects, particularly in the development of pulse
echo tvpe line fault finding equipment. Later he was occupied in the develop-
ment of sending and receiving devices for use in transmission measurements
on television circuits, In 1953, he returned to military project work at Whip-
pany, initially in the Military Svstems Development Department and later in

the 'A\Iilitur_v Engineering Department,
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Transistors
in the
A A Crossbar

Yystem

P. MALLERY Switching Systems Development 11

In 1948 Bell Telephone Laboratories announced the invention of the
transistor, a tiny electronic device that greatly reduces the size and power
consumption of many circuits. Its first large-scale use for telephene pur.
poses is in the card translator, the machine that helps find idle trunks in

the 4A crosshar system for switching long distance telephone calls.

In nationwide dialing, routing of calls through a
No. 4A crossbar office is automatically determined
fro n information supplied by the card translator.
Th s routing information is registered on metal
cards which are selected in accordance with the
digits dialed. As described previously® the routing
information appears as a pattern of clear and
blozked light channels. The conversion of light to
the operation of a relay was an important problem
in the development of the card translator. The
transistor provi(le(l a sntisfuctor_\' answer, and trans-
istcr circuits were designed to detect the presence
or bsence of light in a channel.

Figure 1 is a block diagram of the circuit used
to letermine whether a particular channel is in-
teriupted or not. Each block, with the exception

° Recown, March, 1955, page 93 aud May, 1955. page 178.

JUMNE, 1955

of the light source, represents a piece of equip-
ment provided individually for each channel. The
light source is common to all channels. For those
channels not blocked by the selected card, light
will pass completely through the stack of cards
and fall upon the phototransistor.® The phototran-
sistor converts the light into an electrical signal
which is impressed on the transistor amplifier. After
being amplified, this signal is used to trigger a
cold cathode gas tube. The gas tube, in turn, op-
crates the channel relay. This relay is located in
the decoder or marker circuits. which use the in-
tormation provided by the translator.

In a detailed examination it is convenient to break
the channcl circuit down into two parts, the optical
section and the electrical. The optical section includes

® Reconp, August, 1950, page 337.
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evervthing up to the point where the light falls upon
the germanium of the phototransistor. This part ot
the channel is shown functionally in Figure 2. The
light source is a standard projection-type lamp nor-
mlnlly rated at 300 watts. To obtain long life it is

CARDS

LIGHT _ll_l_l_l_t_'E'iT
SOURCE | | | | —_—

PHOTO-
TRAMSISTOR

AC BETITCLS LN AC GAS DC

part is shown in Figure 3. Those familiar with other
transistor circuits will note that the light acts as the
emitter of the phototransistor. The collector is ot the
conventional tvpe for point-contact transistors. It is
biased in the high-impedance direction, and varia-

REL AY

AMPLIFIER TUBE —_—

Fig. 1 — Block diagram of circuit that determines whether a card has been drop-

ped in the 1.4 crossbar translator.

operated in the translator at half voltage. At that
level its input is approximately 170 watts. This type
of lamp was chosen because of its high concentra-
tion of light in a small plane.

The light from the lamp passes through a motor-
driven perforated disc. The disc interrupts the light
at a 400-cvcle rate, and the dilferential between the
light and dark currents of the phototransistor is used
as the signal. In this manner, operating margins are
greater than those obtained with unmodulated light,

The modulated light beam is collimated (that is,
made parallel) by a lens to minimize losses as the
beamn passes through the holes in the cards. Unless
interrupted by a dropped card, this beam will pass
through holes in all of the cards and will fall on an

MOTOR- DRIVEN
MODULATING DISK

LENS

!
| |
! i
1 |
—

T

COLLIMATING

tion of the light intensity causes a variation in the
collector impedance. The 3A phototransistor used in
the card translator has an impedance of about 10,000
ohms when dark. This is reduced to approximately
3,000 ohms when illuminated.

The phototransistor is coupled to the amplifving
transistor by transformer 1. This transformer per-
mits convenient matching of impedunces and sep-
aration of the dc bias voltages. A voltage-limiting
varistor v is connected across the input of the trans-
former to limit surges which might otherwise damage
the amplifying transistor. The input to the transistor
umpliﬁer is a minimum of 1.3 volts, positive peak,
400 cycles. The output is limited by saturation of the
amplifier to a maximum ot about 160 volts positive

STACK OF CARDS

O

I ::""ENhéESéDF OCWG?

_ﬂﬂmﬂ]ﬂﬁlhmh_ P%ﬁI?T_R_A_N_S_‘SJeR

DROPPED
CARD

Fig. 2 — Funetional diagram of the optical section of the channel circuit.

individual channel-lens, which focuses the light on
the sensitive area of the phototransistor. The light
intensity at the lens of the pliototransistor is 34 foot-
candles minimum. This supplies about 12 millilumens
to the phototransistor, a figure relatively small when
compared with the light intensity required by con-
ventional photoclectric cells.

At the point where light falls on the phototransis-
tor, the optical part of the channel circuit ends and
the second, or electrical part, begins. The electrical

216

peak. To guarantee operation, any phototransistor-
amplifier combination whose output voltage tests
below 38.5 positive peak will have its weak clement
or elements replaced. This output voltage breaks
down the control gap of the cold-cathode gas tube,
and sufficient current flows in this control gap to
insure reliable transfer to the main gap. The capaci-
tor and resistor network at the main anode of the
tube prevents transients caused by the operation of
other channels from falsely breaking down the main
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gap of a dark channel. The current in the main gap
i1 turn operates the channel relay.

Circuits are so arranged, however, that current
vill How in the main gap ot the tube only when the
card is “checked down™, Two holes in the card are

PHOTOTRANSISTOR TRANSISTOR AMPLIFIER

through their channel relays to the imain-gap anodes
of the gas tubes (Figure 3). All gas tubes associated
with illuminated channels will have their control
gaps broken down, which will enable their main gaps
to break down, As already described, this operates

ASSOCIATED
EQUIPMENT

COLD-CATHODE GAS
TUBE CIRCUIT

MODULATED IN MARKER)
LIGHT ~ COLLECTOR MAIN GAP._ AN AND DECODER
(EMITTER) \
/ CONTROL CHANNEL
! T GAP \\ ] RELAY
P )
\ ¢ § S
g L
GERMANIUM
BLOCK T2 A outeur <
; CONTROL
RELAY
i .
h [ o |
_ - r
= i = g ] = '
-24v +130v +130V ~a8v +130V
Fig. 3 — Simplified schematic of electrical section of channel circuit.

never enlarged, and when the card s properly
d-opped, light will be blocked in these two channels.
A special down-check circuit detects this condition,
and will permit operation only if a card has dropped.
Figure 5 shows the card “down-check” circuit. Its
function is the inverse of the routing-information
clannel circuits, since it operates a relay when the
lisht is blocked. Therefore the transistor amplifier-
ges tube circuit could not be used. Instead, the out-
put of the phototransistor is amplified by the first
section of a double triode thermionic emission tube
vi. The ac signal at the first plate of vi is rectified
b a conventional full wave rectifier which contains
a transformer und another double triode. The rec-
tilied voltage is negative with respect to ground, and
w ien it is impressed on the grid of the second section
of tube v1, that section is driven past cut-off—that is,
current will not flow to the second plate. Therefore
as long as light falls on the phototransistor, no current
flc ws through the relay. When a selected card blocks
th> light, the negative voltage on the second grid
di:appears and the tube conducts, operating the as-
so ated relav. Although the prime purpose of this
dc wn-check circuit is to signal that a card is in posi-
ticn to have the routing information determined,
another advantage is taken of its ability to distinguish
between a light and dark phototransistor. It a card
dees not drop, or if either the lamp or modulating
di: ¢ fails, the circuit will operate alarms to bring the
failure to the attention of maintenance personnel.
After the card has heen checked down, the de-
co ler and later the marker connect positive 130 volts

JUNE, 1955

the corresponding channel refavs. When operated,
these relavs lock to ground and extinguish the main-
gap discharges, which increases the life of the gas
tubes. Those channels which have been blocked will

Fig. 4

top of the amplifier. The entire transistor amplifier is

contained in the can, covered by a removable cap.
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I'ig. 5
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— Simplified representation of down-check cireuit.
I I ¢

not have the control gaps of the gas tnbes broken
down. Therefore when the 130 volts is applied, the
relays associated with dark channels will not oper-
ate. The operation or non-operation ot the relavs in
the decoder and marker completes the function ot
the channel circuits.

For installation in the translator, the phototransis-
tor is mounted in a tube along with a lens that focuses
the collimated light on the germanium. Figure 6 is a
cutaway view of the plmt()tmnsist()r sh()wing the re-
lationship of the lens to the phototransistor. When
being mounted in the translator, the tube is slipped
into an accurately positioned hole and clamped in
place by means of the slotted car scen at the right.
This mechanical fastening is also the ground connec-
tion. The output lead trom the collector is attached
with a slip-on connector,

The amplifving transistor, transtormer 11, varistor

v, the resistor and two capacitors of the amplifier are
packaged as a convenient plug-in unit. Figure 4
shows onc amplifier removed from its socket., As
shown, the transistor is mounted under a removable
cap on the package so that it may be conveniently
replaced it necessary. The gas tube, transformer T2,
and the associated resistor and capacitor are also
assembled as a packaged unit.

In the development of the translator, the channel
circuit and its transistor components werce subjected
to marginal tests to guarantee that operation would
be reliable under extremes of voltage, light inten-
sity and temperature. In addition, three translators

LOCKING AND
GROUNDING DEVICE ~

COLLECTOR S

LENS ~—

K‘(
A
/
GERMANIUM BLOCK

Fig. 6 — Cutaway view of phototransistor.

QUTPUT
TERMINAL
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equipped with a total of 272 channel circuits were
installed in the luboratory and connected in a normal
service manner to standard associated 4A crossbar
system equipment. Then call after call was sent
through the system. In all, over 35 million translations
were made. Each translation required the proper op-
eration of many channel circuits. In the entire test,
there was no evidence ot any channel failing to oper-
ate because of the transistor elements in the circuits.

Although the reliability of operation by the chan-
nel circuits was of prime importance, the life of the
transistors is another factor that has a great effect on

Fig. 7— M. Ignatowitz measuring output current in index

channels of the 1A erossbar card translator.

the cost of apparatus and maintenance. Therefore,
96 channels were subjected to a series of measure-
ments designed to determine the effect of aging on
the transistor elements. For this purpose, a test set
was used, which was designed to place on the tran-
sistor equipment the worst circuit condition that will
occur in service. It was equipped to make output
voltage measurements of the phototransistors and the
transistor amplifiers. This test set is now coded the
100A for use in the field.

The results of the series of output voltage measure-
ments were subjected to the usual statistical analysis.
This showed that the performance with age of the

BELL LABORATORIES RECORD
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transistor elements was as expected and that devia-
tions from the mean were not excessive and were in
god control. Figure § is an aver age curve of the out-
puss of the 96 channels as they clum(re with time.
The months in operation represent the time during
wtich the phototransistors were exposed to light and
duing which operating voltages were applied to the
cir uit,

*Vhen devices are used which approach their end
ot life gradually, it is important to determine, in
ad-ance of service failure, whether any element is
becoming weak. In the card translator this can be
accomplished by periodically making a marginal test
ot Wl channel circuits. For this test, the inte nsity of
the light talling on the phototransistors is leduud
and the (1(’(0(](31 and marker are used to check for
ch: nnel operation. No card is dropped for this test;
therefore no channel is blocked and every channel
relav should operate. By means of the trouble re-
col ]el, a record is md(le showing the channels that
opcrated. An examination by the switchman of this
reCrd will disclose any failure under this test condi-
tio. The individual components of channels that fail
the marginal test are examined using the 100A test
set to disclose the weak units.
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Fig. 8 Curve showing stability of output voltage
of translator channels.

The first card translators were placed in service i
March, 1953, in Pittsburgh. The field experience
gained on these, and on the many installed subse-
quentlv, has shown that the channel circuits are
highly reliable. The success of this first large-scale
application of the transistor in the Bell Svstem is
indicative of the great possibilities of new develop-
ments due to this product of telephone research.

THE AUTHOR

JUME, 1955

P.Maveery joined Bell Telephone Laboratories in 1941 tollowing his gradu-
ation from Ohio State University where he obtuined a B.E.E. degree. He wus
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Power Supply:
for the

1.3 System

H. H. SPENCER

Facilities Development

No matter how well a telephone transmission system is designed and de-

veloped, high quality. nninterrupted service still depends on a highly re-

liable supply of power. A complete power failure in a part of the L3 system,

for example, could affect as many as 1.800 telephone messages. To mini-

mize this possibility, a reliable power supply with a number of emergency

facilities has heen developed for that system. Provision is included to

maintain service in the event of outside power failure, or any foreseeable

breakdown within the Telephone Company power plant.

In the 1.3 coaxial carrier system as in the L1 svs-
tem, the 60-cvele ac power suppli('(l to auxiliary
repeaters along the cable is transmitted over the
same coaxials as the carrier signals themselves. The
increased power required by each repeater, together
with the closer spacing of repeaters in the L3 co-
axial svstem have increased the amount of power that
must be generated at the sending stations by seven
times that required by the L1 svstem. In the power
supply for the L3 svstem, greater system stability has
been attained through improved control of the rate
of change of power. Also, closer regulation of the
power and improved protection features result in
better svstem performance and longer tube life.

AC power in the system is furnished by continu-
ously operated two-motor alternator sets. The two
motors, one ac and the other d¢, are mounted on the
same shaft as the alternator and the shint generator
which furnishes current to excite the alternator field.
A flywheel is also mounted on this shaft to provide

the inertia needed to reduce the dip in load voltage
to a negligil)le amount when it is necessary to trans-
fer the drive from one motor to the other.

One of these motor-generator units is furnished
for each cable transmission circuit so that operating
difficulties on any one will affect a minimum number
of telephone channels. This means that four such
regular alternators are used on cach standard eight-
tube coaxial cable. In addition, an emergency alter-
nator unit is operated continuously at no-load, ready
to take over the load it any of the four regular units
should fail. This emergency unit, similar in all re-
spects to a regular alternator, is used principally dur-
ing maintenance of the regular units. One of the most
commonly used alternator units, rated at 16 kva, is
illustrated in Figure 1. Power is normally supplied to
these alternators from commercial ac sources. During
ac power failure, the dc motors operate from large
130-volt batteries to provide continuous cable power
until a station standby engine-driven alternator takes

BELL LABORATORIES RECORD
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over the ac drive, or commercial power is restored.

A schematic diagram of a regular and emergency
alternator supplving power to repeaters along the
cable is shown in Figure 2. At uuxili;u'y repeaters,
the primaries of power transformers are connected
in line with the inner coaxial conductors to form a
series circuit so that a constant line current ])r()\'i(los
constant power to each repeater.

Two svstems of regulation are employed at the
source to hold the coaxial line current constant: A
coarse control using relavs operates a slow-acting
motor-driven autotransformer whenever the coaxial
current varies more than +3 per cent from its nom-
inal value of about 1.5 amperes. A faster acting
motor-driven variable autotransformer provides a
fine control which boosts or bucks the supply from
the coarse control. This unit regulates the coaxial
current within limits of +1 per cent. Its range, lim-
ited to a maximun buck or boost of 10 per cent of
the supply voltage, is more than sufficient to take
care of any anticipated alternator voltage changes.
Its rate of change has been designed to keep up
with that of the alternator supply so that alternator
voltage changes are compensated by the fine control
unless thev exceed its range. The fine control is ar-
ranged to servo-control the drive of the coarse unit to
keep the fine control at its midpoint so that the latter
may alwavs have its full range available for fast cor-
rection. Controls are protected so that electronic
failure will cut off the fine control and maintain

START CONTROL
BAYS

Fig. | — Over-all view of a typi-
cal power room at an L3 termi-
nal. This one. rated 16 kva, is
one of those most commonly
used at present.

EXCITER

ALTERNATOR

[UNE, 1955

relav coarse control limits until repairs are made.

The voltage required on the coaxial power circuit
varies with the number of amplifiers served. Al
though not indicated in the schematice, the second-
aries of the high-voltage transformer are tapped to
provide proper voltages for repeater spans ranging
from a few auxiliary repeaters up to the maximum of
22 repeaters requiring over 4,000 volts. The resist-
ance, with ground at center, shown between the high
voltage secondaries, provides a means of measuring
the cable current at near ground potential. It also
provides a signal to the current regulating circuits,
Power for the main repeater, taken from the primary
side of the high-voltuge transformer, affords essen-
tiallv a regulated supply to this equipment without
placing it in the cable power transmission circuit and
thereby raising the supply voltage above that re-
qquired for the cable supply, The input to the power
control bay for the maximum span of auxiliary re-
peaters requires about 8.5 kw of 230-volt power. A
10-kw alternator unit provides adequate capacity for
this load plus the supply for TV terminal equipment
when power is transmitted in one direction only.
Units of 16 kva and 21 kva are used when power is
supplied in two directions as it is at main repeaters.

The equipment for regulating the cable current is
housed in an eleven and one-half foot power control
bay located close to the repeater equipment as shown
in the headpiece, which shows the author, at the
right, and M. H. Artt, Long Lines Central Office

TRANSFER CONTROL
AY'

ik o e

FLYWHEEL

DC MOTOR
AC MOTOR
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Chief, at an L3 cable current regulating bay installa-
tion. The motor-alternators and their control bays
are located near the battery and other power plant
equipment as shown in Pigure 1. The control is
entirely automatic for unattended operation with
alarins for transmission to remote alarm control cen-

frequencies to voice trequency is supplied directly
from batteries and involves no new problems other
than proper distribution to provide a minimum of
telephone service interruptions in the event of a fuse
tailure. A fully equipped L3 cable of eight coaxials
with terminal equipment for a maximum of about

ALTERNATOR PLANT

POWER CONTROL BAY ——————————

ISTANDBY TO
EMERGENCY ALTERNATOR T,OTHER RECULAR

ALTERNATORS
130V
TO POWER CONTROL
BATTERY BAY FOR WEST CABLE CURRENT
| POWER SECTION AND REGéJILNAéTOR
230V AC POWER * OFFICE REPEATER
COMMERCIAL FAILURE TRANSFER POWER SUPPLY CONTROL
SERVICE DETECTOR CONTROL .
OFFICE
REPEATER
230V POWER
SUPPLY
]
2 —
230V AC o u % T g
STANDBY TO AUXILIARY
SUPPLY REPEATERS IN
— EAST CABLE
1y = - POWER SECTION
o CURRENT
REGUL ATOR —_
e O
TRANSFER : 3 CONTROL
CONTROL [~ g =
L |
ke S =
130V S 1o
BATTERY |- [
g g TV TERMINAL

230V POWER

REGULAR ALTERNATOR SUPPLY

Fig. 2 — Simplified diagram of regular and emergeney alternator units,

ters to indicate abnormal conditions. These alarms
not only indicate troubles in the ac supply to the co-
axial equipment, but also provide for the associated
power plant. Thev indicate discharged batteries,
outside power failure, failure of the automatic
reserve engine alternator, and blown fuses.

Power for the terminal equipment used in bringing
the telephone messages down from coaxial carrier

THE AUTHOR

5,400 telephone circuits will create problemns such as
the need for larger 24- and 130-volt battery plants,
larger diesel engine plants, and new Hoor plan ar-
rangements.  However, information
and plants are available for handling these problems
in the same way as they are now being handled for
central office and other telephone power plant
application throughout the Bell Svstem.

standardized

After receiving a B.S. (1egree in mechanical engineering from the University
of New Hampshire in 1923, H. H. Spuncer joined the Technical Staff of the
Laboratories. He has been engaged primarily in the development of power
supplies for broadband carrier, toll, and repeater equipment, including auto-
matic plants for unattended operation on J, K, and L carrier systems and
TD-2 microwave radio relay svstems. Mr. Spencer is a member of the Ameri-

can Institute of Electrical Engineers.
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CAMA -
Crossbar Tandem
PCl Sender

I. A. WEBER

Switching Systems Development

Lireet-distance dialing for all telephone customers has been brought eloser

te realization by the development of centralized automatic message ac-

counting. Among the modifications required for CAMA, crossbhar tandem

o tices needed a new type of sender to perform the more complex switching

required when details of a call are recorded automatically. Besides working

with other parts of the CAMA system, this circuit receives digital informa-

tion. translates it, and re-transmits it to the distant office.

A tandem te]cph()nc switching office acts in a
scnse as a “central office” for local central offices by
providing connections between such local offices, in
mwuch the same general way that a local office makes
cennections between tclq)hon(' customers. One ot
tte modern tandem offices in the Bell Svstem is
th ¢ crosshar tundem office, which has recently been
zuiupted to centralized automatic message account-
irg (CAMA)® Customers served by CAMA may
now dial directly to points outside their local ex-
change area, und the details of the call necessary for
Eling purposes are recorded automatically. Cen-
trilizing this billing information by recording it in
tle crossbar tandem office opens a wide field for
direct distance dialing where traffic does not justify
lozal AMA equipment.

An important new circuit developed to permit
at tomatic recording of billing information at a tan-
dem office is the panel call indicator (PCI) sender,
one of which is seen in the above illustration which
sl ows the author at the crossbar tandein PCI sender
ir the New York City CAMA installation. Three

°7Rr:c()m), July, 1954, page 241; October, 1934, page 371,
My, 1955, page 193,

JUNE, 1955

senders are mounted in a bav, and cach sender con-
sists of two cabinets that enclose the equipment.
As illustrated in Figure 1, a CAMA call reaches
a tandem office over a trunk from a local panel or
crosshar office. This trunk requests the sender link
equipment to attach a sender, which is used for con-
trol purposes while the call is being switched at the
tandem office. When the sender is attached and is
ready to function, a signal is passed to the originat-
ing office to indicate that the tandem office is ready
to receive the telephone number of the called cus-
tomer. This information is then transmitted from the
originating office and is registered in the sender. The
sender connects to a marker, which in turn closes a
path through crossbar switches to an ontgoing trunk
to the desired terminating office. The marker refers
to a built-in information directory, and informs the
sender how to handle a call to this destination.
While these actions have been taking place, the
sender has been busy secing to the details of record-
ing the billing information for the call. The sender
connects itself to a CAMA operator position and
closes a talking path between the operator and the
customer. The operator obtains the calling number
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FROM
ORIGINATING
OFFICE
(PANEL OR
CROSSBAR)

—_—

verbally from the customer and keys this into the
sender. The sender then summons a transverter and
transters to it all information required for billing
purposes. After a certain point in its operation, the
transverter determines that the operator is no longer
needed, sends a “position release” signal to the sender
causing dismissal of the operator, seizes an ANA
recorder which perforates an initial entry on the
AMA tape, and signals the sender that a billing
record has been made. The receipt of this signal
causes the sender to release itself from the trans-
verter. During this time, the sender has also trans-
terred the called number information to the distant
office. The last or units digit, however, is not sent
out until the sender receives a signal that the billing
record is complete. After the last digit is transmitted,
the sender releases from the call, setting the incom-
ing trunk in a talking condition so that the calling
and called customers are connected when the termi-
nating office has connected to the called customer.

This sender differs in two important respects from
senders that have been used in crossbar tandem
offices in the past. First, it receives the called number
by panel call indicator (PCI) pulsing, universally
available in all panel and crossbar offices. Revertive
pulsing, which is also available in these offices, is
restricted in the number of office codes it is able to
pulse out. Second, it contains the necessary circuitry
to control the operation of the CAMA functions of
the system. More about these points later after a
brief review of PCI pulsing.

The PCI system® is one of several methods by
which a number can be generated and transmitted
more rapidly than with a telephone dial. It uses tour

* Recorn, November, 1943, page 110,
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Fig. 1 — Block diagram illustrating role of PCI sender in
a CAMA crossbar tandem office.

conditions of direct current on the line: zero current,
small negative current, large negative current, and
small positive current. These are arranged in a code
svstem (Figure 2) whereby a choice between two
of the four conditions identifies either a “mark” or a
“space.” This is analogous to the familiar “on” or “off”

QUADRANT [ : l
NUMBER # ! S .

SMA AR
. w M+I:L LARGE SM:;I-_L LARGE
SMALL SMALL

ZERO ZERO

SPACE d%?
h

T E 8 o 4 8 9 2

Qlﬁlﬁfgm —> [1245/1 245)1 245[1 245|2481|1 245|1 245[1245
- L mr
SPACE—+HU| L[_I UHI U_l U[__U I__H_Ll

_ L agout s miLLISECONDS |
O 2-3 SECONDS=~======-===-~ >l

Fig. 2—The PCI coding scheme for the number
TE8-0-4892. The enlarged detail shows current con-

ditions for marks and spaces in the four quadrants.

and “ves” or "no” conditions of circuits as used in
modern switching and computer theory. The figure
shows that each digit of a telephone number is de-
fined by a particular combination of four mark or
space conditions. In the first and third positions (or
“quadrants” with values of 1 and 4), a space is
defined by zero current, and a mark is defined by a
small positive current. In the second and fourth po-
sitions (quadrants with values of 2 and 3), a space
is defined by a small negative current, and a mark
is defined by a large negative current.

For the purpose of effecting equipment economies
in the original design ot the PCI system, an excep-
tion was made in the quadrant values for the four
positions in the thousands digit of the transmitted
number. The code shown in the figure thus repre-
sents the telephone number “TE 8-0-4892.” (The “0”
in this number indicates that the number does not
have a party letter; for certain manual office numbers
a party letter is necessary and is sent in this space.)
A complete breakdown of codes for digits 0-9 is given
in Figure 4. When transmitted automatically, the
number can be sent in about two to three seconds.
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Tig. 3 PCI sender in B ashington, D. C., installation.

“incent L. Van Steamburg, Central Office repairman of

2 and P, is inspecting relay contacts.

\ closer look at the PCI sender is now in order.
Firure 5 shows a block diagram of the sender with
ca:h block representing a general function of the
circuit. The called number register circuit receives
frcm the originating office information determining
the nltimate destination of the call. This PCI number
is received on polar, marginal and sensitive relavs
that discriminate between the four current condi-
ticns on the line. The marker control determines
wlien a request is to be sent to the marker, transmits
to the marker sufficient information for it to do its
job, and receives all necessary information trom the
murker needed by the sender. The AMA control
su nmons an operator, receives the calling number
in-ormation from the operator, sununons a trans-
verter, provides information for the billing record,
receives notification that this record is satisfactory
and complete, and inferms the outpulsing control
tht transmission of the called number to the termi-
nating office may be completed.

MARKS [N
QUADRANT VALUES ————— QUADRANT ———
FOR THOUSANDS DIGIT —» 2 4 8 1
EX .EPT THOUSANDS DIGIT —> 1 2 4 5
o NONE
Y i
| ¥
2 v
3l v© v
E 4 v_
o t :
as v
6 f ’/-
I . ]
7 f ’/-
8 ‘/‘ ‘/- ‘/'
A . A
9 | v v

Fig. 4 — Distribution of marks for the digits 0-9.
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As illustrated in Figure 3, the outpulsing control
transmits the called number to the terminating office
under instructions that have come from the marker
through the marker control. The sender can com-
plete calls by means of any of four types of pulsing,
viz., revertive pulsing, PCI pulsing, dial pulsing, and
multifrequency pulsing. The type of pulsing needed
for a particular destination is indicated to the out-
pulsing control by the marker. On routes to different
destinations, a variable number of digits may be
necessary to control switching beyond the tandem
office. The sender is therefore arranged to pulse out
either, 4, 5, 6, 7, or 8 digits under control of informa-
tion from the marker. This variable number of digits
is effective for both multifrequency and dial pulsing.
The office code transmitted may be the same as re-
ceived, or the marker may inform the sender to send
1, 2 or 3 other digits instead.

FROM e -
ORIGINATING r CALLED — = =
OFFICE | Gomaen |LUMBER FREQUENCY g
- e e V) T -
- | REGISTER - PULSING e
3
R |
DIAL !
‘ PULSING |
ouT-  —— |
PULSING |
CONTROL - 8 |
CALLING | | PCI !
NUMBER | PULSING |‘
(FROM I . ——
OPERATOR) | ! |
— | —— | r )
-
- T AMA REVERTIVE |
— CONTROL [ | PULSING |
- \ |
BILLING |
INFORMATION r g
(To i MARKER
TRANSVERTER) CONTROL SENDER 1
EES S S S JE 1
—
MARKER
—_—

Fig. 5— Functional elements of a PCI sender.

A method called recapture registration is used in
controlling the pulsing out of digits. Figure 6 is a
further functional breakdown of the outspulsing sec-
tion seen in Figure 5, and will help to explain the
operation and advantages of this scheme. Outpuls-
ing requires that digital information stored on relay
rogistors must be sent out in proper sequence and
pulsing language. The outgoing language mayv not
be the same as the language in which the digits are
stored internally in the sender, so some form of trans-
lation is requircd. In the recapture scheme a separate

N 13 . >3 .
group of velavs (called “recapture register” relays) is
£ b £ )
used. Translation networks are provided on the re-
capture register relays only. In operation (see Figure
6) a digit register, sav the A register, transmits its
digital information to the recapture register through

£ E {
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connector relay contacts “a”. This digit is then trans-
lated and sent out to the distant office in the required
torm. Connector relay contacts “a” then open, thus
releasing the digital information in the recapture
register. Now connector contacts “h” close, allowing
the recapture register to respond to the digital infor-
mation in the B register. This digit is translated and
sent out. In a similar manner successive digits are
“recaptured” and sent out. The merit of this scheme
is that it requires only a single translation network
on the recapture registers for all digits. The digit
registers then can be designed to use very simple

OTHER
DIGIT
—————— DIGIT REGISTERS mm——y REGISTERS
A B <
a b X CX-—mmmmmm e X
A P | 4 5
< / /! )
\\ 1\ ,
~3 CONNECTOR” OTHER
COrThGTS CONNECTOR
RECAPTURE CONTACTS
AEGISTER To
OUTPULSING
TRANSLATION ClrCUIT _
NETWORK
|

Fig. 6 — Functional elements of the outpulsing
control, illustrating *“recapture registration.”

and inexpensive relays, since all they do is “remem-
ber” rather than “translate.”

In addition to the general features applicable to all
calls, other features of the sender make its operation
reliable and versatile. If for any reason the first
request to the marker does not result in the successful
setting of the crossbar switches, the sender makes a
second trial, generally getting another marker in an
attempt to complete the call through the tandem
office. Also, the information transmitted from the

marker to the sender to indicate what sort of out-
pulsing is required may be changed by the marker
during its operation, if for some reason an alternate
route is selected.

If some unusual condition occurs in the attempt to
perforate an initial entry for billing purposes, indi-
cating that a transverter trouble has occurred or that
the information received by the transverter is unsatis-
factory, the sender will connect to another trans-
verter and again attempt to perforate the initial
entrv. A failure in the second transverter indicates
that the information to the transverter is faulty in
some manner, and generally the calling customer
will be connected to an “overflow™ trunk.

If certain checks fail in the transverter, some ir-
regularity is indicated in the information that the
operator has keved into the sender. For this case, the
transverter signals the sender to tell the operator by
means of a flashing “supervisory lamp” in her switch-
board position to erase the information she initially
keyed into the sender.® She again obtains the calling
number from the customer and rekevs this informa-
tion into the sender. The supervisory lamp will also
flash if she has made an error in her original keving,
such as hitting two keys at once or keving too many
digits. This will indicate to her that she must rekey
the number. If for any reason the operator cannot
complete the call in a regular fashion, she may de-
press a “position disconnect” key, which will release
her from this particular call and will also connect the
customer to an overflow trunk.

The sender is arranged so that calls not requiring
the AMA features may also be handled. For such
calls, the sender is told whether to bring in the AMA
circuits or not by means of a “class mark” sent to it
from the incoming trunk circuit through the sender
link equipment.

° Recorn, October, 1954, page 371.
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semiconductor diodes, like transistors, have a
rapidly moving history of continuous develop-
rient through various models and through many
i nprovements. And like transistors, they are
{ nding wide use in the communications indus-
try, especially for high-speed, high-frequency

clectronic switching circeuits.

Semiconductor Diodes

Eighty vears ago a German experimenter, F.
Lraun, noted that certain metal compounds like
galena (lead sulphide), when contacted by a metal
point, could serve as rectifiers. That is, he found
tat the current for one direction of applied voltage
(the “forward” direction) was greater, often by an
crder of magnitude, than for the opposite or
“reverse” direction. This rectifying property of such
“cat-whiskered” crystals — the first semiconductor
cevices — was of subsequent importance in the early
stages of radio communication. Eventually, these
crratic crvstal detectors were superseded by the
1wre stable and efficient vacuum diode.

With the higher and higher frequencies of mod-
< communication systems, however, certain limit-
iag features of the vacuum diode brought about the
renaissance of the crystal diode.® As a result of
World War II radar work, the temper-provoking
cit-whisker device matured into a useful and reli-

* Bell System Techuical Journal, page I, January, 1947,

s bove

The author (left) and P. H. Shearer using
attomatic equipment to compress and form point

to semiconductor during fabrication of diode.

] JNE, 1955

D. K. WILSON Transistor Development

able circuit component. And especially with the
tremendous swing in recent vears toward high-speed
electronic switching, semiconductor diodes are find-
ing even more application.

The immediate outcome of early work on micro-
wave diodes was a point-contact rectifier using p or
hole-conductivity tvpe silicon as the semiconduct-
ing element. The silicon was “doped”, usually with
boron or aluminum “impurities”, to provide the de-
sired kind of electrical conductivity. Figure 1 illus-
trates the assembly of such a silicon point-contact
diode. A polyerystalline silicon ingot is first cut into
slices; one surface of each slice is polished and the
other surface is copper plated. The slices are then
“diced” into wafers, and each wafer is soldered to a
brass stud. This stud is inserted into a ceramic
sleeve, and a sharp, 0.005-inch tungsten wire,
formed into an “S”-shaped spring, is brought in from
the other end of the ceramic cvlinder. Metal and
semiconductor are then contacted und a small addi-
tional pressure is applied. The contact is usually
stabilized by mechanical tapping of the cartridge.
In the completed unit, the forward or easyv current
flow direction is with the point negative and the p-

&3]
[&9]
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Fig. 1 — Cross-section showing construction of «a
typical silicon point-contact diode.

tvpe silicon positive. For n-tvpe silicon, these polar-
itics are reversed.

The voltage-current characteristics of the com-
pleted unit are shown by the solid line curve in
Figure 2. Because the currents in the reverse direc-
tion are low, the scales are changed below the origin
and to the left. One measure of diode performance
is the rectification ratio — that is. the ratio of reverse
resistance to forward resistance for a given value of
applied voltage (customarily 1.0 volt). For present
microwave diodes, the rectification ratio may
approach 100. With a verv small contact ar thov
can operate efficiently at l()() 000 me and can (lt‘tcct
signals as low as 10 15 watts.

The characteristics of such point-contact silicon
diodes thus compare favorably with those of vac-
uum diodes, and in some respects are superior. In
particular, the performance with small signals at
high frequencies and the elimination of the need
for a filament supply represent clear advantages.
Vacuum diodes, however, have a higher peak re-
verse voltage (the maximum reverse voltage that

can be applied without damaging the unit), and
“ O

show better

Developmental

ratios.

effort was therefore directed
toward a second semiconductor diode — the ger-
manium  point-contact type — with a new sct of
properties applicable for different uses. This unit
has an improved low-trequency  performance in
both rectification ratio and peak reverse voltage.
[t is assembled in much the same way as the silicon
point-contact diode except that the semiconductor
water is normally high-purity n or electron-con-
(luctivity germanium; the (101)1'ng material is arsenic,

rectification

antimony, or phosphorus.

It was observed in the earlv work on the ger-
manium point-contact diode that a brief applica-
tion of high forward current substantially improved
the electrical properties, and eventually a “form-
ing” pulse (or series of pulses) became part of the
manufacturing process. Apparently a small region
underneath the metal contact is heated by this
process to a temperature of about 800°C and is
thermnlly converted to p-type germanium. There is
formed a small hemispherical p-n junction which
results in high rectification ratios and high peak
reverse voltages. This diode was one of the first dem-
onstrations of the superiority, in many respects,
of p-n junctions over metal-semiconductor contacts,

The dashed curve in Figure 2 shows the improved
pcrformzmce of the gcrnmnium point-contact diode,
and also shows a region in the reverse voltage
condition where the resistance of the unit becomes
negative (the backward bend at the left portion
of the curve). This tvpe of behavior, in which the

FORWARD
FORWARD DIRECTION
0 1001 DIRECTION (080 .
w n
a u
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<
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Fig. 2—Voltage-current characteristics of silicon point- Fig. 3 — Voltage-current characteristics of germanium

contact diode (solid line) and of germanium point-contact

diode (dashed line).

grown p-n junction diode (solid line) and of silicon alloyed-
junction diode  (dashed line).
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current increases as the voltage decreases, oceurs
wien the power applied to the unit raises the junc-
ticn temperature snl)stuntiull'\n Such gormzmium
dibdes are not useful above about 80 C. Units
more heavily doped with impurities may be oper-
at>d at higher temperatures, but these have a
lover peak reverse voltage,

In recent vears, several new diode structures have
been developed.” One of these is the germa-
nim grown p-n junction diode, which is simply a
re tangular bar of germanium having p-type ma-
teial at one end and n-type material at the other
end. A p-n junction is formed where the conduc-
tivity tvpe changes. Because of the control that
ca1 be exercised over p]l}'sical properties in the
cr 'stal—gr()\vingT process, the clectrical characteris-
tics of the diode that are made by this technique
ar predictable.

The crvstal is “grown™ by pulling it slowly out
of a molten mass of n-tvpe germaninm and by
dropping pellets of the p-tvpe impurity into the
melt at the correct time. Rectangular bars are later
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P-N JUNCTION
Fi:. 1 — Construction of typical germanium grown

p-i junction semi-conductor diode.

cu- from the cooled crystal, and large area con-
tacts are made to the plated surfaces, as shown in
Firure 4. After suitable chemical treatment, the
unit is encased.

The solid-line curve in Figure 3 illustrates the
cu-rent-voltage behavior of a typical grown junc-
tion diode. As in Figure 2, the reverse scales have
ben changed. Since the area of the junction is
about 100 times that of the “formed” junction of
thc  germanium  point-contact diode, and about
10.000 times the area of a silicon point-contact
dicde, the junction resistance is reduced and more
cu rent flows in the forward direction. This current
is turther increased by minimizing the so-called
“syreading” resistance of the large-arca contacts
on the two ends. Finul]y, the reverse resistance is
meximized by a chemical processing that reduces
the leakage current flowing across the surface of
the cryvstal. Unfortunatelv, however, the increased

© Reconn, June, 1954, page 203; August, page 285.
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Fig. 5

an “S”-shaped spring used in point-contact diodes. Poiat

is later pressed against semi-conductor awafer.

area of the grown junction reduces the maximum
frequencey of eflicient operation because  of the
larger junction capacitance and because of an ef-
fect known as “minority carrier storage.” This effeet
is caused by a delay in the device’s return to the
high resistance condition after it has been passing
current in the forward direction. Charge carriers
that have been pushed across the junction during
the previous forward half-cvele do not disappear
immediateh upon reversal of the voltage. Many of
them diffuse bhackward across the junction, causing
a momentarily high value of reverse current. This
momentary delay in the recovery of high reverse
resistance behaves like an apparent capacitance
effect. In fact, the larger part of the junction capaci-
tance cffective in high-speed  rectification  arises
from this charge-storuge effect, rather than from
the small-signal capacitance of the junction.

By properly exploiting these electrical and geo-
metrical variables, rectification ratios of 10,000 ean
be obtained. Although the reverse current is de-
creased by the chemical treatment of the surface,
there is a certain theoretical hmit tor the reverse
voltage condition. For devices of this tvpe, the re-
verse current cannot be made lower than abont
one microampere. It is a characteristic of such junc-
tion diodes that this reverse current is “saturated”;
that is, it is nearly independent of the magnitude

Rt
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of the applied voltage, and the reverse de resistance
therefore increases with voltage.

Though the behavior of but one type of germa-
nium junction has been described, it is possible by
changing the doping of the crystal to get an infinite
variety. For example, it is possible to make high
peak reverse voltage units (greater than 500 volts)

0.010" >

SILICON-—
. mi——— ALUMINUM
'- ALLOY

p-TYPE

RECRYSTALLIZED
SILICON

2 b EETFE SILICON e

Fig. 6 — Photomicrograph of an alloved contact.
& o 8

for use as ln'gh voltage rectifiers, or ln'gh forward
current tvpes for use as signu] limiters. Since the
junction is also remarkably sensitive to light, it can
be used to construct photocells® whose current in-
creases proportionally to the light striking near
the junction. The junction can also be adapted to
high power circuits by further increasing the junc-
tion area, decreasing the forward resistance, and
attaching the unit to a heat-dissipating surface.

The difficulties of heat sensitivity and particularly
of the lower theoretical limit of the reverse cur-
rent can be very greatly alleviated if the junction
is fabricated from silicon. The lower current limit
in silicon junctions is one millionth that for a similar
gennzlninm jnnction, and the maximum tempera-
ture of operation can be raised to 2007C. The re-
verse current of course increases with temperature,
but even at 200°C it is hardly larger than that of
a germaninm junction at room temperature. The
silicon junction diode is thus a promising addition
to the semiconductor family.

The junctions described so far have been either
of the “formed” varieties, and another
tvpe — the “diffused junction”™ used in the Bell Solar
Batterv — has been described in a

gl‘()\\'l]

previous issue

® Reconn, August, 1930, page 337.
1 Recorn, June, 1934, page 232.
1953, page 361.

f Reconn, September,

230

WWW americanradiohistorv. comcs. ¥

of the Recorn.t There remains to be discussed here
the fabrication of silicon junctions by what is termed
the “alloved junction” method.7 By means of this
improved technique, a wafter of n-type silicon is
heated and a verv fine alumimun wire is contacted
to it. As illustrated in Figure 6, the aluminum
melts and dissolves some silicon, forming a hemi-
spherical region. The aluminum becomes  super-
saturated with silicon so that when the tempera-
ture is reduced, some silicon precipitates onto the
This recrystallized silicon is of the
heavily doped p-type because ot the aluminum
dissolved in it. Ultimately, the remainder of the al-
loy solidifies us the lowest melting silicon-aluminum

original wafer.

alloy.

In Figure 6, the junction itself is at the lower
edge of the hemisphere, and the narrow curved
strip above it is the p-tvpe recrystallized silicon.
Above this region is a matrix of solidified aluminum-
rich silicon allov containing precipitated crystals of
relatively pure silicon. By this technique, a large-
area p-n junction is formed, and a large-area, low
resistance contact is made close to the junction on
the silicon side.
contact is made to the n-silicon side by a similarly
alloved gold wire. The unit is chemically treated
to impr()ve the reverse-current properties, and
then covered with a cushioning substance to pro-
tect it from thermal and mechanical shocks. Finally,

A second low-resistance (ohmic)

Fig. 7 — Vacuum diode and, top to bottom. silicon
alloy-junction diode, germanium grown p-n junc-
tion diode, germanium point-contact diode, and

silicon point-contact diode.
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it 15 placed in an aluminum can and is encased with
@ hermosetting plastic.®

The electrical properties ot the silicon alloy diode
arc shown by the dashed curve in Figure 3. The
reverse currents are extremely small, sometimes of
thc order of 1072 amperes. Consequently the rec-
tifi ation ratio may be 10,000,000, In most circuit
apolications this means, remarkably enough, that
the reverse conductance can be entirely neglected.
A Curther consequence of the low reverse current
is “he rather sharp transition from a high resistance
to a low resistance at % volt in the forward direc-
tio 1. This characteristic voltage can be used as a
retarence potential by passing moderate forward
cu rent through the diode.

\n important and usetul property of silicon junc-
tio 1 diodes is the reverse breakdown feature shown
at X7 in Figure 3. Iere the reverse characteristic
breaks suddenly from a saturation region where the
curent is practically independent of voltage to a
breakdown region where small changes of voltage
preduce enormous changes in current. This break-
do vn. which is non-destructive to the diode, is
andogous to the breakdown that occurs in gas
tulbses. It is due to ionization of silicon atoms in
the junction region by rapidly moving holes and
clcetrons. The breakdown voltage can be made to
fal anywhere in the range from 5 to 1,000 volts by
properly preparing the base silicon. 1t is ncarly in-
deendent of temperature. The breakdown feature
mi kes the silicon diode useful for many circuits
wlere gas tubes are now emploved but where
smaller size, better range of breakdown voltage, and
hi¢her frequency operation may be desirable.

""he silicon diode provides the circuit engineer
of today a new degree of freedom in circuit design.

© Ruconn, December, 1954, page 447,
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Fig. 8 — Mrs. P. 4. Queripel preparing automatic
equipment for alloying p and n wires in the fabri-

cation of silicon alloy sewiconductor diode.

More than the germanium types, it approaches the
ultimate ideal of a diode as a switch—infinite re-
sistance in the reverse and zero resistance in the
forward direction — than anv other diode available.
Additionally it provides the engineer with a voltage
regulator whose voltage can be fixed within rea-
sonable values. There is no doubt that these silicon
junction devices will he widelv used in the vears
to come. Not only can thev replace most of the
other devices deseribed here, but thev can also
replace many electron tube diodes, copper oxide
rectifiers, and  selenium  rectifiers, and in many
cases they can do so with improved results.

JUNE, 1953

Doxarn K. WiLsox joined the Laboratories in 1951, Until 1933 he was
engaged in the development of alloved junction semiconductor devices ard
the aluminmun silicon diode. Since 1953 he worked on perfecting the alloved
silicon transistor. Mr. Wilson attended Rensselaer Polvtechnic Institute and re-
ceived B.S. and M.S. degrees from Pennsvivania State University in 1950 wnd
1951, respectivelv. He is a member of Phi Beta Kappa. Sigma Ni and Sigina
Pi Sigma. At present Mr. Wilson is continning his education, studving Physics
at the University of Rochester.
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Teletypeuwriter
Billing of
Special Toll Cal.

W. Y. LANG

Telegraph Engineering

A receiving teletypewriter makes a true copy of information typed on the
transmitting machine, not only word for word but also line for line. Some-
times it is necessary that the receiving machine use business forms instead
of plain teletypewriter paper. entries being made at specific places on the
form. Ordinarily, the transmitting operator “line feeds” her machine the
correct number of times to properly position the form on the receiving
machine. A new teletypewriter attachment developed at the Laboratories

automatically “line feeds™ the correct number of times, insuring that the

receiving form is accurately positioned.

One of the manv uses of teletvpwriters is the trans-
fer of information over a distance, where the receiv-
ing machine uses invoices or other kinds of printed
business stationery instead of plain teletypewriter
paper. In such cases, the information to be tvped on
the form must go in the particular space provided for
it, a 1’(-(111irement that does not exist when messages
are typed on plain paper. However, it the sending
and receiving machines are equipped with similar
forms, and if these are always moved together, the
problem is greatly simplified. The sending operator
can check her machine to see that the form is prop-
erly positioned and may then assume that the infor-
mation will be tvped on the remote receiving tele-
typewriter in the proper position. In “feeding out”
the form paper to position it, the operator usually
presses the “line-feed” key more slowly than normal
to avoid feeding out the receiving form at the re-
mote machine beyond the desired index point.

If the sending machine is not equipped with form
paper, or if the sending form differs from the receiv-
ing form, the operator must count the lines of copy

Lo
v
89

that have bheen prepared for a form. The required
number of line-feed combinations are then sent with-
out any wayv of checking whether the form at the
receiving station is fed out the correct distance.
One service where “feed-out” is required is the
telephone call billing furnished to hotels in Metro-
politan areas. The three-inch form shown in Figure
1 is used on receiving machines at the hotels, and
plain paper is used on the sending machine at the
telephone central office. teletypewriter operator
at the central office sorts the hand-written toll charge
tickets for calls from the various hotels using the
service. She then secures a connection to the desired
hotel and informs the operator there that she is ready
to report the calls on which billing will he made.
The hotel operator indexes the first form and signals
the central office operator to l)es_,m Flgme shows
examples of such billing for plain paper at the cen-
tral office and the forms on the receiving machine.
To meet the needs of this service, the Laboratories
has developed an automatic feed-out device that
relieves the central office teletypewriter operator of

BELL LABORATORIES RECORD
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the necessity for counting line-feeds. This device,
whi *h mav be added to the keyboard of a 15-type
pag: teletypewriter, automatically sends out the
coriect number of line-feeds to the teletvpewriter
at the hotel while shorting the line relay contacts of
the sending machine to prevent it from feeding. A
“for n-out” key is added to the keyboard at the 11<fht
of the ]mv-fee(l key, and is oper ated when feed-out
is desired. Made for the Bell System by the Teletvpe
Cororation, the “form-out” device consists of two
units interconnected by a cord and multicontact plug.
The control mechanism unit mounts on the kevboard
of a 15-type machine, and the counting mechanism
unit in a 105-tvpe apparatus hox, may be mounted
wherever it is most convenient.

K yhoard modifications consist of adding two
snapi-action switches operated by the line-feed and
form-out key levers, a contact operated by cach revo-
luticn of the kevboard sending cam, a form-out key
lever medmmcal]\ linked to both the line-feed ]\ev
lever and the repeat-space rod, a signal lamp, and a
The counting medmmsm unit contains

current-limiting resistors, spark protective compo-

resct kev,

nen's, and a 206‘-type rotary stepping switch used as
the selector. A full revolution of the switch wiper-
arm shaft provides 44 contacts, the action heing
coniinuous. To pr()\'i(lc a repeating sequence, the
nun ber of line-feeds used plus the necessary con-
trol points must be a submultiple of 44.

T.wvo snap-action switches, mounted beneath the
keyhoard, are operated by the line-feed and form-
out <ev levers. When the line-feed kev is operated,
its associated snup—switch completes a preparatory
circuit from positive battery, through the selector
magnet winding, through one set of bank contacts,
to a contact to l)o ()perated by the sending ciim. As
the sending cam rotates, to send a line-feed code
comHination to the tclctype\w iter circuit, it closes

. LONG DISTANCE TELEPHONE CALL o @

* 9.45 HELEN ROE 2704 MIAMI FLA. RICHARD ROE PA 2-19C7 20 MINS *
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® ToTAL [ ]
Fig. 1 — A 1ypical form used for billing of hotel

toll calls by telotypewriter.

its associated cam contact and completes the selec-
tor « perating circuit to negative batterv. When the
selector magnet operates to step the selector switch

one point, auxiliary sclector magnet contacts are

JUN T, 1935

closed in parallel with the line-feed switch, insuring
operation of the selector magnet during the full
time that the sending cam contact is closed. Thus,
each time the operator presses the line-feed key, the
machine line-feeds as usual and the selector switch
steps one point.

After the operator has typed all pertinent informa-
tion, she operates the carriage-return and line-feed
kevs, and then holds the form-out key depressed
until the signal lamp lights. Since the snap-action
switch associated with the form-out ke v short-
circuits the sending machine’s line relay contacts,

LONG DISTANCE TELEPHONE CALL
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Fig. 2 — Billing information from the charge slips
is typed on plain paper but is received on the forms
with the entries in proper position.

holding the teletvpewriter sclecting magnet in an
operated condition, the paper in the sending ma-
chine does not feed out. At the same time, depres-
sing the form-out key also operates the line-feed key
d]l(l repeat mechanism of the kevboard through a
mechanical linkage, sending I(’l)(’dt(‘(l line-feed co(le
combinations to the dlstant machine.

Each time a line-feed combination is sent, the se-
lector switch steps one point. Since hotel billing
service uses a three-inch form requiring nine line-
feeds and the number of points used must be a sub-
multiple of 44, point 10 is used for preliminary trans-
mission cutoff and point 11 is used as a control point.
3, and 43 and 44
perform these same functions. Once the repeated
line-feeds have caused the selector switch to step

point 10, the kevboard contacts are shorted to
prevent any further transmission ot line-feed combi-
nations to the distant machine. On the next revolu-
tion of the sending cam, the selector wiper moves
to terminal 11 and the following events occur: the

Similar Iv, points 21 and 22,32 and 3

contacts remain short-circuited, the signal lamp
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COUNTING MECHANISM

CONTROL MECHANISM ON KEYBOARD
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lights, and the selector switch magnet is transterred
from the sending cam circuit to the reset key circuit.
After the operator has held the form-out key until
the signal lamp lights, she knows that the receiving
machine has advanced to where a new form is prop-
erly indexed. She operates the reset kev and this
advances the selector wip('rs one p()int, removes the
short-circuit from the sen(ling contacts, routes the
selector magnet operating circuit back to the cam
contacts, and extinguishes the signal lamp. She then
types the next form and repeats these ()pcmti()ns.

THE AUTHOR

Although the form-out attachment as furnished
will (mly accommodate three-inch forms, the selector
switch banks may be rewired for forms of other
lengths. However, the multiplicity of dead switch
points necessary for certain forms makes use of such
forms uneconomical from a time stzmdp()int. Initial
trial installations of the automatic line-feed attach-
ment were made in the New York City area and,
prior to the completion of that trial, additional instal-
lations were made in other cities. The form feced-
out is now being used in a number of large cities.

After joining the Laboratories™ Desigi Drafting Department in 1920, W. Y.
Lanc took the course for technical assistants, meanwhile attending City Col-
lege and, later, Columbia Universitv. He then spent a vear with the Specifica-
tions Departinent and a few vears with the Precision Apparatus Laboratory.
Since 1927 when he becaime a member of the technical staff, he has been
engaged in the design of printing telegraph apparatus, except for the war
vears when he worked in sonar development and was responsible for the de-
velopment of indicator and control units as well as keving and training units.
Mr. Lang is a member of the station engineering group of the Telegraph
Development Department.

BELL LABORATORIES RECORD
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Dr M. J. Kelly, Presideat of the Laboratories, re-
ceiing the honorary degree of Doctor of Engineer-
ing at the New York University College of Engi-
necring May 7. la conferring the degree on Dr.
Ke'ly, Chancellor Henry T. Heald (right) of New
Yo-k University, cited him as follows: “In your
revowned professional attainments. you have ex-
cited the admiration of a host of contemporary
scientists and stimulated the ambition of oncom-
ing generations of those who would follow in vour
tra’n, for all of which we gladly welcome you into
the company of our honorary alumni.”

Donald

fenise and former vice president of the Labora-

1. Quarles. Assistant Secretary of De-

tories, also received the honorary degree of Doctor

of “ngineering at the same ceremony.

John R. Pierce Elected to National
Academy of Sciences

Dr. John R. Pierce, Director of Electronices Re-
seach of the Laboratorics, was clected o member
of ‘he National Academy of Sciences at its 92nd
am ual mecting held in Washington recently.

The National Acu(]om_\' of Sciences, a private,
not -profit organization, serves as an adviser to the
Federal Government in scientific matters and acts
ger erally in the furtherance of science for the gen-
cra welfare. The membership of the Academy
nunibers approximately 500 distinguished scientists
in the physical and biological fields.

11 addition to Dr. Pierce, President M. J. Kelly,
Vice President J. B. Fisk and Dr. W. Shockley of
the Laboratories are members of the Academy.

Sloan Foundation Names

Dr. Kelly Trustee

(m Mayv 5 at the meeting of the Board of Trus-
teer of the Alfred P. Sloan Foundation, Dr. M. .
Keby, President of the Laboratories was named a
trustee of the Foundation.

The Alfred P. Sloan Foundation, established in
1934, administers a private fund for the benefit of
the public. It coufines its activities to the making
of grants for the support of upprov('(l pr()jects car-
riec on by educational. scientific and charitable

JUME. 1955

Up to the present time these grants

institutions,
have been primarily in the ficld of American cco-
nomic education and research, and medical research,
especially cancer research.

Other trustees of the Foundation include Dr.
J. R. Killian, Jr., President of M.L.T.; George Whit-
nev, Chairman, |. P. Morgan & Co., Inc.; Laurance
S. Rockefeller, President and Director, Rockefeller
Bros., Inc.; Lucius D. Clay, Chairman of the Board.
Continental Can Company.

Long Lines, Six Companies Plan

$27,000,000 Expansion

Authority to construct new  telephone facilities
costing about $27,000.000 is being songht by the
Long Lines Department of the A, T. & T. Co. and
six associated companies in a filing with the Fed-
eral Communications Commission. A previous ap-
plication covering a $10,000,000 portion of the
same construction program was filed with the Com-
mission Nov. 1, and appmvcd Dec. 30 of last vear,

The new application covers installation of equip-
ment to meet a considerable increase in telephone
message traffic. The proposed construction would
include facilities to provide about 2,000 additional
long distance circuits, and equipment for additional
private line telegraph circuits.

The operating companies participating in  the
program are lilinois Bell, Mountain States, North-
western Bell, Pacific, Southwestern, and Wisconsin.
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The 1955 A.T.&'T.

Share Owners Meeling

“We are in a period ot the greatest expansion
telephone service has ever known.” Cleo F. Craig,
President of the American Telephone and Tele-
graph Company, said recently at the annual meet-
ing of share owners in New York City. “In the few
years since the war the Bell System has grown
about as much as it had during the whole previ-
ous 70 vears of its cxistence.”

The seventieth annual meeting brought out a
record attendance of more than 1,500 share own-
ers. For the first time since 1915 the meeting was
moved from A, T. & T. headquarters at 195 Broad-
way to 50 Varick Street in New York City in order
to handle the increased numbers.

“Throughout thesc vears of postwar growth, we
in the Bell Svstem have had to accomplish almost
the impossible in our efforts to meet the increasing
needs and wants of telephone users. All told we
have installed about 79 million telephones, in-
cluding those for subscribers who have moved
and the net increase has been approximately 21%
million,” Mr. Craig said.

“To do this we have expended $11 billion for
new construction . . . or on the average, we have
built $500,000 of new plant cevery working hour
sinee the war. A great part of this moneyv has
come from share owners whose support has been
indispensable to the whole program.

“The Bell Svstem still has a great deal to do to
eliminate entirely its backlog of unfilled orders and
requests for telephone service from the public but
great progress has been made since the war and
will continue to be made in the vears to come,”

Share owners participate in demonstration of new

color 1elephones.

Mr.Cleo F. Craig, A.T.& T. President, on speakers’

platform during the Annual Share Owners Meeting.

Mr. Craig told the share owners. Following this,
Mr. Craig described some of the various equip-
ments and services Bell System companies pres-
ently have to offer; for example, the new hands-
free t(*l(*ph(mc. the automatic te]eph()no un.s'\\‘ering
set, the various button telephone arrangements,
the telephone with a built-in light for casy dialing
in the dark, and the volume control telephone set
with its simple control button.

“In order to give telephone users what they want
— to meet their needs and preferences — we are con-
tinuing with a heuv_\' construction program in 1955,
It will probably be a little lTarger than last vear's
new construction budget of one billion four hun-
dred million dollars,” he stated.

Mr. Craig went on to cite the valuable work car-
ried out by the Bell Telephone Laboratories and
the Western Electric Company in System cxpan-
sion.

“All units of the Bell System — rescarch, manu-
facturing, and operating — work together on the
principle of giving the best possible service to the
public. This combination of research, manutactur-
ing and operating talents, and the team work of
these Bell organizations, make the prospect before
us a most encouraging one,” he continued.

Another important aspect of the country’s tele-
phone network brought out by Mr. Craig in his
remarks was the planning of the system to be ready
in the cvent of a national emergency. “There s
already great assurance,” he said, “in the fact that
the network is so tremendous. Coaxial cables and
radio relay systems spread over the nation. These
and other lines torm a vast spider web criss-cross-
ing the country and this makes a large number of
routes available for any one call.” 7

Nevertheless, to provide even greater protection,
the Bell Svstem is now undertaking to build trunk
lines circling the largest cities and still more “ex-
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press” routes which will travel through open coun-
tro for most of their length. These will intercon-
ncet with existing routes as well as by-pass critical
target areas (‘lltifol}'. Thus, it a target arca is de-
stroved we will still have two-wav communication
through the remaining cities and the rest of the
n; tion.

Speaking of the new proposed transatlantic tele-
plione cable between Newfoundland and Scotland,
Mr. Craig described the manufacture of the under-
wtter amplifiers or voice boosters.

“They will be inside the cable sheath and lie on
the ocean floor at intervals of 40 miles. Western
E ectric is making them at Ilillside, New Jersey,
ncar Elizabeth, and the procedure is something

characteristies of modern telephone facilities, Nr.
Craig said.

“The military relies on these systems developed at
Bell Telephone Laboratories to detect the approach
of hostile forces, in the air. on the surface, and under
the water, It depends on them to spread warning,
But bevond these things it also relies on them to
track the enemv. control the aiming and firing of
guns. to sight bombs and to guide missiles.” he
continued,

“Recently the Government has asked the Bell
Laboratories and Western Electric to take on still
further defense responsibilities,” My, Craig said.

“In the Arctic, along the northern rim of the con-
tinent, Western Electric is building for the Air

O cer-all view of the fourth floor, 50 Varick Street, as the 4. T. & T. annual meeting gets underway.

extra special. To make sure that no dust or foreign
perticles will get in the room it is slightly pres-
surized so that air will blow out, not in, when a
deor is opened.”

Mr. Craig further praised Bell Telephone Labo-
raories developments in color television transmis-
sion over radio relay and coaxial cables and in the
development of the telephone svstem so that it
may readily be used to perform many. different
fuactions, for example, regulating pumps along the
ro ates of oil and gas pipe lines, in tailor-made com-
m mication svstems (‘nul)ling power companies to
ccntrol the flow of electrical energy from a central
dispatching point, for toll road and thruway an-
thorities, airwavs, railroads, state police and other
or zanizational uses. This abilitv to perform many
fuactions is certainly one of the most important

JUNE, 1955

Force the Distant Early Warning Line — called for
short the DEW Line. In tropical waters special
submarine cables report data on tests with guided
missiles. The work center of Bell Laboratories at
Whippany, New Jersey, is devoted mainly to re-
search and development on military projects and in
North Carolina several Western Electric plaots are
working full time on production of “Nike” systems
and other military equipment.”

In conclusion, Mr. Craig said: “Our business is
above all a business of people —of men and wo-
men in each community who wish to serve their
neighbors well — with courtesy and skill and  as
good fellow-citizens, This spirit of personal and
community service is the lasting foundation ot
all our work and of public understanding  and
approval.”
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R. Karl Honaman Appointed to Defense Department Post

R. Karl Honamuan, Director of Publication of the
Laboratories, was upl)ointo(l Deputy Assistant Sec-
retary of Defense for Public Affairs, effective April
30, the Department of Defense announced recently,
He is on leave from the Laboratories.

Mr. Honaman had been serving in Washington

R. KARL HONAMAN

part time as Director of the Office of Strategic In-
formation in the Office of the Secrctary of Com-
merce since October, 1954. In that post, he has
been studving complex problems relating to pub-
lished information which on balance can be inimi-

cal to the defense interests of the United States,
the announcement said.

In the office of Robert Tripp Ross, Assistant Sec-
retary for Legislative and Public Affairs in the De-
partment of Defense, Mr. Honaman succeeds D.
Walter Swan, who is returning to his position as
Assistant to the President of the United Air Lines.

Born in Lancaster, Pennsylvania, in 1895, Mr.
Honaman obtained his earlv education in that city
and graduated from Franklin and Marshall Col-
lege in 1916, receiving a master’s degree in 1917
after a vear of graduate work. He joined the
American Telephone and Telegraph Company in
the Department of Development and Research in
1919 and transterred to Bell Telephone Laboratories
when functions of the American Telephone and
Telegraph Company’s Development and Research
Department were combined in the Laboratories.
In 1942 he was made Director of the Laboratories’
School for War Training in which officers and tech-
nicians of all the Services were trained in newly
developed equipment, such as radar and other
clectronic military devices. In 1945 he was named
Director of Publication of the Laboratories.

Wesley Fuller is Acting Director of Publication
of the Laboratories during Mr. Honaman’s absence
on leave.

Talks by Members of the Laboratories

During April, a number of Laboratories people gave talks before professional and
educational groups. Following is a list of the speakers, titles, and places of presentation:

AMERICAN PHysicar Sociery, WasuaiNeron, D.C.

Anderson, P. W, Indirect Exchange Coupling of Nuclear
Moments by Electrons in Semiconductors and Insulators.

Fuller, C. S., and Reiss. H., The Influence of Tloles and
Electrons on the Solubility of Lithium in Boron Doped
Silicon.

Geballe, T. 11., sec Hrostowski. H. J.

Iolden, A. N., Matthias, B. T., Merz, W, J., aud Remeika,
J. P., Guanidine Aluminum Sulfate Hexahydrate—A New
Ferroclectric Material.

Hoover, C. W., Transient Response of Cavity Resonator.

Hrostowski, H. J.. Morin, F. J., Geballe, T. H., and
Wheatley, G. H., Hall Effect and Conductivity of InSh.

Lewis, . W, Surface Energy of Superconductors.

Mason, W. P.. Dislocation Relaxations at Low Tempera-
tures and the Determination of the Limiting Dislocation
Shearing Stress of a Metal.

238

Matthias, B. T., see Iolden, A, N. and Merz, W. J.

Merz, W. J., Remeika, J. P., Holden, A. N., and Matthias,
B. T., Electrical Propertics of Guanidine Aluminum Sulfate
Hexahvdrate and Some Isomorphs.

Merz, W. ]., see Holden, A. N.
Morin, F. ], sce Hrostowski, H. J.

Prince, M. B.. Silicon Conductivity Modulated Diffused
p-n Junction Rectificr.

Reiss, H., sce Fuller, C. S.
Remeika, J. P., see Holden, A. N. and Merz, W. J.

Schawlow, A. L., Structure of the Intermediate State in
Superconductors.

Uhlir, A., Jr.. Micromachining with Virtnal Electrodes.
Wheatley, G. H., see ITrostowski, 11. .

BELL LABORATORIES RECORD
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OTHER

Augustadt, H. W, Human Engineering Aspects of the
Telephone  Answering Set, Electrical  Contractors Clinic,
W thpeton, and North Dakota Telephone Association, Fargo,
N. D.

Bachelet, A, E., Control System to Provide Orientation
Ccrrection Automatically for Easy Viewing of Stereo Pro-
jection, New York Stereo Club, New York City.

Bennett, W. R., Synthesis of Active Networks, Polvtech-
nic Institute of Brooklyn, Modern Network Svnthesis Svin-
posinm, New York City.,

Compton, K. G., The Interpretation of Underground Cor-
ro-ion Survey and Test Data, Joint Meeting of Tidewater
Ccrrosion Committee and Tidewater Section of National
Association of Corrosion Engineers, Norfolk, Va.

Darrow, K. K., Magnetism in the Atom, University of
Vi-ginia, Sigma Xi Society, Charlottesville, Va.

Dimond, T. L., Long Distance Dialing and  Automatic
Accounting, Railroad Systeins and Procedures Committee,
Cl icago.

Douglas, V. A., An Experimental Mobile Dispatcher Sys-
tera, Johus Hopkins University, ALEE. and IR.E. Student
Br nches, Baltimore,

Tisher, J. R., and Potter, J. F., Apparent Density as a
Moans for Evaluating the Physical Structure of Steatite,
Aricrican Ceramic Society, White Wares Division, Cin-
cit nati.

Fox, A. G., Meusurement Techniques in the Millimeter
Wvelength Range, ALEE. and LRE. New York Sec-
ticas, New York City.

Salt, J. K., Ferromagnetic Domain Wall Motion and
Ferromagnetic Resonance in Ferrites, University of Hlinois,
El ctrical Engineering Department, Urbana, T1L

Salt, J. K., Losses in Ferrites, University of Ilinois,
Phvsics Departinent Solid State Seminar, Urbana, TIL

Sarrett, C. G. B., Semiconductor Surfaces, Cohunnbia
Uriversity, New York City.

Teller, S., sce Thunnond, C. D,
Silbert, E. N, see Morgan, S. P.

Sithens, J. AL, Digital Differential Analvzers, Stevens In-
sti ute of Teclmology, LR.E. New York Section, Foboken,
N. I.

Srossman, A, J., Practical Implications of Modern Net-
wark Svnthesis, Polytechuic Institute of Brooklyn, Modern
Network Synthesis Symposium, New York City.

lagstrum, 11. D., Electron Ejection from Metals by Posi-
tiv > Tons, International Symposium on Electrical Discliarges
in Gases, Delft, Netherlands.

larvev, F. K., Sound and Microwave Analogies, Uni-
ve sity of Minnesota, Minncapolis, and University of Wis-
coasin, Madison,

terring, C., Phonon Effects in Thermocelectric Power,
Pruceton University, Theoretical Physics Seminar, Prince-
tor, N. J.

Larlin, J. E., and Picerce, J. R, Measuring a Lower
Bcund of Information Transmission Through the Human
Clannel, Eastern Psychological Association, Philadelphia.

eister, W., Mechanized Intelligence, Newark College of
Er gineering, A.LE.E. Student Branch, Newark.

JUNE, 1955

TALKS

Kelly, 1. P, Differential Phase and Gain Measurements
in Color Television Systems, LR.E. Cincinnati Section, Cin-
cinnati.

Kock, W. E. Physics of Speech, Music and Hearing,
Franklin Institute, Philadelphia.

Kruger, M. K., Distribution Requirements in Terms of
Quality Control Procedures, American Society for Quality
Control. Montreal Scction, Montreal,

Llovd, S. P., und McMillan, B., Filtering of Sampled
Signals, Polytechnic Institute of Brooklvn, New York City.

MceKim, B., Two Nations at Your Fingertips, R.C.A, Lab-
oratories, Princeton, N. ],

MeLean, Do AL, Capucitors Employing Metallized  Or-
ganic Diclectrics, Professional Group on Compouents, Wash-
ington, D, C.

MeMillan, B, see Llovd, S, P.

Merrill, F. G., Navarho Single Site Navigation Svstem,
N Club, New York City.

Meszar, J., Modern Dial Systems, Morristown Area Cham-
ber of Commerce, Morristown, N. ].

Meszar, J., Digital Machines for Nationwide Dialing,
Massachusetts Institute of Teclnology, L.R.E. Professional
Group on Electronic Computers and LR.E. Boston Sec-
tion, Cambridge.

Morgan, S. P., and Gilbert, E. N, Optinnun Design of
Directive Antenna Arrays Subject to Random Variations,
Moore Institute of Art, Science, and Industry, Philadelphia.

Nvlund, II. W., Special Communication Problems in Con-
nection with Range Instrumentation, American Ordnance
Association Instrumentation Svmposium, Patrick Air Force
Base, Melbourne, Florida.

Pearson, G. L., The Bell Solar Battery—A Silicon p-n
Junction Photovoltaic Device, American Physical Society,
Southeastern Scction, Gainesville, Florida.

Peterson, J. W., High Frequeney Junction Transistors,
Joint ALLE.E-LR.E. Mceting, Kansas City, Mo,

Peterson, J. W.. The Intrinsic Barrier High-Frequencey
Transistor, LR.E. Technical Conference, Seventh Region,
Phoeuix, Ariz.

Pierce, J. R., see Karlin, J. E,

Potter, ). I, sce Fisher, J. R.

Rice, S. O., Introduction to Random Noise, Sonthern
Methodist  University, Third  Aunnal Southwestern Con-
ference on Feedback Control Svstems, Dallas.

Riesz, R. R.. Exploratory Study of Human Accuracy for
Counting Sound Pulses, Eastern Psvehological Association,
Philadelphia.

Robertson, S. D., The Ultra-Bandwidth Finline Coupler,
LR.E. Technical Conference, Sceventh Region,  Phoeniy,
Ariz,

Robinson, F. N, ., Low Temperatnre Physices, Bell Tele-
phone Laboratories, Holmdel, N. .

Rowen, ]. H., Ferromagnetism and Tts Application to
Microwave Teclmiques, LR.E. Montreal Scetion, Montreal,

Rvder, R. M., Transistors Today, LR.E. Student Scc-
tion, Princeton, N, |

Schumacher, E. K., Communications Mectallurgy, Ameri-
can Institute of Mining and Metallurgical Engincers, Detroit
Section, Detroit.

Shockley, W., Transistor Physics, New York University
Colloquium, New York Citv, and Institution of Eleetrical
Engincers, London.
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Talks by Members of the Laboratories, Continued

Singer, F. J., Highlights of Recent Bell Laboratories De-
velopments,  Petroleum Industry  Electrical — Association,
Iouston, Texas.

Storks, K. ., Application of Instrumental Methods to
the Analvsis of Metals, American Chemical Society, Mil-
wankee Section, Milwaukee.

Thomas, D. E., Bell Solar Battery, Connecticut Indus-
trial Arts Association, New Britain, Conn., and New Eng-
Lkid Radio Electronies Meeting, Boston.

Thurmend, C. ., and Geller, S, Is There a Crystalline
SiO?, American Chemical Society, Physical and iorganic
Chemistry Division, Cincinmati.

Townsend, M. A., A Tlollow Cathode Glow Discharge
with Negative Resistance, Delft Symposin, Delft, Nether-
Tands.

Vogel, F. L., Dislocations in Germanimm Crystals, Rens-
sclacr Polvtechnic Iustitute, Metals Science  Club, Troy,
N. Y.

Warren, C. A, Project Nike, Watchung American Legion,
Watclhung, N. .

Wolff, P. A., Avalanche Breakdown in Silicon and Ger-
manim, Cornell University Solid  State Seminar, Tthaca,
N. Y.

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:

Anderson, O. L., and Bommel, H. E., Ultrasonic Absorp-
tion in Fused Silica at Low Temperatures and High Fre-
quencies, J. Am. Ceramic Soc., 38, pp. 125-131, April, 1955.

Bennett, W., Curtis, 11 E., and Rice, 8. O., Interchannel
Interfercnee in FM and PM Systenis Under Noise Loading
Conditions, B.S.T.J., 34, pp. 601-636, May, 1955.

Blye., P. W., Coolidge, O. 11, and  Huatley, 1. R.
(A.T.&T.), A Revised Telephone Transmission Rating Plan,
B.S.T.J.. 34, pp. 433-472, May, 1955,

Bommel, T1. E., se¢ Anderson, O. L.

Bouton, G. M., lleiss, J. 1L, and Phipps, G. S., Experi-
mental Extrusion of Alwminum Cable Sheath at Bell Tele-
phone Luboratories, B.S.T.]J., 34, pp. 529-561, May, 1955.

Buehler, E., sce Fuller, C. S.

Coolidge, O. 11, see Blye, PO W.

Curtis, 1. E., sce Bennett, W,

Ditzenberger, I. A, see Fuller, C. 5.

Eder, Miss M., Warner, R., and Keene, F., Statistically
Designed  Experiment of the Factorial Tvpe Applied to
Point-Contact Transistors, Proc. LR.E. Nutional Symposium
on Quality Control and Reliability in Electronics, Nov.
12-13, 1954,

Fvans, . W., see Welber, L

Fuller, C. S., Ditzenberger, J. A., Hannay, N. B.. and
Buchler, E.. Resistivity Changes in Silicon Single Crystals
Indnced by Theat Treatment, Acta Metallurgica, Letter to
the Editor, 3, pp. 97-99, Jau., 1955.

Geller, S.. Matthias, B. T., and Goldstein, R., Some New
Intermetallic Compounds with the “g-Wolfram™ Structure,
1. Am. Chem, Soc., 77, pp. 1502-1504, Mar. 20, 1955.

Gilbert, E. N., and Morgan, $. P., Optimum Design of
Dircetive Antenna Arravs Subject to Random Variations,
B.S.T.]., 34, pp. 637-663, May, 1955.

Goldstein, R., see Geller, S.

Iannay, N. B., see Fuller, C. S,

Hearn, A. 11., Creosote Retention as Determined by
Toluene Extraction of Treated Wood, Annual Proc. Am.
Wood. Pres. Assoc., Feb., 19535,

leidenrcich, R. D., Transition Structure in Lead-Silver
Alloys and a Dislocation Mechanism, Acta Metallurgica, 3,
pp. 79-86, Jan., 1955,

Heiss, J. L, see Bouton, G. M.

Horton, A. W., Jr., and Vaughan, H. E., Transmission of
Digital Information Over Telephone Circuits, BST.)., 34,
pp. 511-528, May, 1955

240

Inskip, L. S., and Watson, H. N., Grounding of Portable
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