Il. I, Bridgers (left) oper-
ating a machine used in the
Research  Laboratory  for
growing single-crystals  of
seniconductors for use in

G. Buhren-
dorf, who designed the ma-

transistors. .

chine, s at the right.

A Foreword on Transistors

The origins and early history of transistors have
been told many times. Much of the storv has
reached receptive audiences in professional and
lay circles. The untolding scientific understanding
is stimulating wide research interest in industry and
the universities; in physics, metallurgy, and in chem-
istry. Transistors, with their unique properties, and
other semiconductor devices likewise have stimu-
lated users and exploiters — from extensive cngi-
neering  developments to sometimes  extravagunt
speculation on the “revolution in electronics.” It is
true there is substantial stirring in the electronics
world, but “revolution” means total and rapid
change. We are not involved in a total change;
rather, in a rapid evolution.

The forecast for rapid evolution is well founded
both in scientific imderstanding and in technolog-

J. B. FISK Vice President

Research

ical achievement. This does not mean that all phe-
nomena are completely nnderstood or that theve is
a ready explanation for every new observation. Nor
does it mean that a transistor, of quick and universal
application, is in large-scale imechanized production.
The history of discovery and invention in a complex
technology knows no examples of painless transition
to mass production and use. Tranmsistors are not
exceptions in this respect. But their histary is
exceptional and in many wavs unique —as will be
their future.

What is so exceptional and unique in the history
of their development? One singular fuct is the extent
of detailed quantitative understanding of transistor
action and of semiconductor materials generally.
This understunding goes far bevond a description of
external behavior. It tells liow semiconductors work

A production line @ the Allentown Plant of Western Electric. In the joreground pieces of germanium are

being mounted for cutting into smalt dices for use in transistors. The machines in the background are

converted grinders, now used for cutting the mounted germanium.
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in terms of the atoms they are made of, how the
atoms are arranged in crvstals, how the electrons
(and “holes™) respond to electrical forces we apply
to the crystal. It tells how to purify materials and
make almost perfect ceryvstals in simple ways, how to
put the right number and kind of “extra” atoms
where they are wanted, This is the basic science.

The rapid exploitation of Dhasic knowledge to
make new semiconductor devices is exceptional. The
new devices are the response to needs and oppor-
tunities  in  communication = svstems and  circuit
design, to military needs, and sometimes to recog-
nition of some inherent properties of the semicon-
ductor, suggesting a very different use. Now, these
needs and opportunities have coupled with the
basic science in an unusual and scemingly unique
way. That is, the systems are evolving right along
with the new devices, instead of being fitted to
them later on, or the new devices substitnted
awkwardly into present systems. Thus the evolu-
tion is an unusually comprehensive one. Transistors
are appearing in a number of places; they will
appear in guantify in Bell Svstem use as the new
svstemns appear,

There is now an abundance of transistor tyvpes
for specific development — triodes, tetrodes, diodes,
photocells and  switches —and @ number are in
Western Electric manufacture. There is an even
¢greater abundance of transistor uses and transistor
users in our research and engineering development
laboratories. Each new use demands careful design
to give the user the operating characteristics he
needs in his circuits and, usually, each new use
requires new processes to obtain and control these
characteristics.  The user’s appetite for transistors,
in quantity and varicty, is almost without limit.
This appetite, of course, is not restricted to tran-

THE AUTHOR

C. S. Yeutter assembling apparatus designed and built at
the Laboratories for use in the Americus, Georgia tran-
sistorized rural carrier field trial. Transistors, hardly
visible in the photograph, are mounted on the panel just
above Mr. Yeutter's left hand.

sistors alone. For proper use, transistors require
cupucit()rs, inductors, resistors,  transformers  and
assemblies in correspondingly small size to match
the transistor’s modest requirements, The “rapid
evolution” is indeed the evolution of a whole new,
comprehensive technology.

The articles which follow in succeeding issues
of the Ricornp are a continuing story of this growing
science and art, ('mphusizing transistors: research,
development, and some of the present uses. Tran-
sistors are already at work in some telephone
apparatus, and in circuit and systems trials. They
are appearing in quantity as the technology, which
these articles record, matures and confirms that the
new art and new science will give the traditional
cfficiency and reliability of Bell System service.

Janizs B Fisk, vice president in charge of research at the Laboratories,

also serves on the General Advisory Commiittee of the Atomic Energy Com-
mission as well as the Science Advisory Committee of the Office of Defense
Mobilization. He was formerly Director of Research of the AE.C. and simul-
tanecusly Gordon McKav Professor of Applied Phvsics at Harvard University.
Dr. Fisk joined the Laboratories in 1939, heading the development group on
the microwave magnetron for high-frequency radar during World War 1. After
the war, he was in charge of electronies and solid state research. He became
director of research in physical sciences in 1949 and has been vice president
since March 1 of this vear. Dr. FFisk received his bachelor’s and doctor’s degrees
fromm Massachusetts Institute of Technology in 1931 and 1935, respectively.
He was a Proctor Travelling Fellow at Cambridge University and was later
in the Society of Fellows at Harvard, Recently he was elected a member
of the National Academy of Sciences,
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P-N Junctions

and the

Junction Transistor

M. SPARKS Chemical Physics

One important development, following the invention of the basie tran-

sistor itself, has been the exploitation of semiconductor junctions.

These junetions — simply boandaries between regions in a semicon-
dueting crystal having different types of eleetrieal eonduetivity — have

not only increased the nnderstanding and usefulness of transistors, but

also widely extended the range of applications in which semiconduecting

devices may be used profitably. As the field of semiconductor research

grows, these junetions, used singly or in various combinations, may

well lead to additional applications and devices as yet unknown.

The first ('xp('rimentzﬂ jnncti(m transistors were
described three vears ago.® Structuraily, they con-
sisted of a simple sandwich arrangement of lavers
in a germanium crystal having two different types
of clectrical conductivitv. The units were compact
and rugged. Electrically. they showed tremendous
impr()voments over previous transistor models in
such important characteristics as efficiency, gain,
and noise. Probably the most remarkable feature
was their ability to operate at extremely low power
levels. Scientifically, their behavior was predictable
quantitatively in terms of the clectrical properties
of germanium. This material, in turn, was under-
stood in terms of its atomic natare, crystal struc-
ture, and purity. This sequence is unusual for such
a system even after vears of study and develop-
ment; to have it exist at the birth of the first
assemblies is almost without parallel.

Subsequent articles in the Recoro will discuss
the clectrical conductivity of semiconductors in

Rucorp, August, 1951, page 379,

JUNE, 1954

detail.  We shall be  concerned nere  primarily
with the nature and properties of p-n junctions,
and the extension of these concepts to explain the
behavior of junction transistors. In fact, the versa-
tile p-n junction has proved to be the basic work-
horse of semiconductor devices.

There are two mechanisms for electronic con-
The distingnishing
feature is that the current carriers in one case are
negatively charged electrons (n-type conductivity ),
and in the other case are positively charged holes
(p-tvpe conductivity). Both of these mechanisms
operate simultaneously, and which of the two tvpes
predominates depends on the balance between two

ductivity in  semiconductors.

kinds of impurities, called donors (producing elec-
trons ) and acceptors (producing holes).

Usually, there will be many more carriers of one
kind than the other in anv particular piece of
a semiconducting crystal. An important experi-

{1hove, R. M. Mikulvak using a miero-mani pulator
in one stage of the assembly of a junction transistor.
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Fig, 1 1 pen junction with charges provided by
donor and aceeptor impurities shown in circles.

Fig. 2 —With a voltage of the indicated polarity,
holes and electrons move across the p-n junetion,
and hence current will floie.

Fig. 3 — With a voltage of the indicated polarity,
holes and electrons are drawn away from the p-n
gunction. This provides a high resistance to the
flowe of current,

Fig. 4 — (a) An n-p-n junction transistor, and (b),
such a unit wired in « circuit to operate as an
amplifier. In actual scale, the middle p-type region
is much narrower — perhaps only 5 per cent of
the cross section of the transistor.

204

mental fact is that the relative numbers of the two
tvpes can be altered by several methods. This
change will persist for a short time before it re-
adjusts to the original equilibrium distribution that
is determined by the impurity balance. The aver-
age time required for the distribution of holes and
clectrons to recover from such a disturbance is
called the “lifetime” of the material.  Successiul
operation of a transistor depends on having a
material with a finite lifetime, althongh this interval
may be only a few millionths of a second long.

A p-n junction is simply the boundary hetween
two regions of opposite c(mductivit_\ type in a
semiconductor cervstal, such as germaninm or silicon.
These boundaries are produced by anv of several

techniques tor controlling the kind and location of

impuritics. Such a structire is illustrated in Figure
1. The circled charges represent donor and acceptor
atoms which are clectrically charged, but do not
contribute to conductivity because they are tightly
hound in the crystal. For this reason ﬂlf‘\ can, for
the most part, bhe ienored in the remainder of this
article, although it is important to remember that
they serve to neutralize the charges of the mobile
holes and clectrons which can move through the
crvstal and thereby carry current.

The big difference clectric: allv between the two
sides of a junction results from a verv small chem-
ical difference; typically, the donors and acceptors
constitute about 0.001 per cent of the total number
of atoms. The entire piece of semiconducting ma-
terial is preferably a single cryvstal with no physical
discontinuity at the boundary. Thus, the conductiv-
ity paths of the crystal are continuous across the
junction. Another important fact is that there are
alwayvs at least a few of cach kind of carrier every-
where in the crvstal. Those carriers present in
smaller numbers, such as holes in n- -tvpe germaninm,
are called minority carriers.

Now, considering a p-n junction as a circuit ele-
ment, if a voltage is impressed across a unit with
the polarity as shown in Figure 2, current will flow
readily. Both holes and electrons, from the p-tvpe
and n-type sides respectively, are pushed toward
and across the junction. This provides one of the
ways mentioned previously for disturbing the ratio
of holes to electrons in a localized region of a semi-
conducting material. The polarity indicated in
Figure 2 is called the “forward” direction of the
junction. By pushing electrons into the p-type sec-
tion, for example, their relative number is greatly
increased. The distance of penetration into the
p-type section that this “emission” of electrons

BELL LABORATORIES RECORD
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mtuences depends on the litetime of the crystal. As
the emitted electrons diffuse into the p-type section
they are lost by an wnnihilation reaction with the
more numerouns holes. An analogous situation exists
in the case of holes emitted into the n-type section.

When the polarity of the voltage across the june-
tion is reversed, the result is «quite different. In
this case, the holes on the p-type side and the
clectrons on the n-type side are pulled awayv from
the junction as shown in Figure 3. The onlv car-
riers in a position to cross the junction are those
few min()rity carriers that are inevital)]) l)rcs(‘nt.
The junction then represents a high resistance in
a circnit since comluctivity is proportional to the
number of current carriers available. This polarity
is called the “reverse” or blocking direction of the
junction. Since a p-n junction effectively blocks
the How of current in one dircetion but passes it
readily in the other direction, it is a rectifier. Such
junctions, particularly those recently developed in
silicon, arc among the very best rectifiers obtainable.

The p-n junction properties that have been de-
scribed are those needed to understand the opera-

tion of a junction transistor as an amplifier. Sum-

marizing these properties —a p-n junction has a
low electrical resistance in the forward direction,
and a result of current flowing in this direction is
to increase the minority carriers near the junction.
In the reverse direction, the resistance is very high,
perhaps 100,000 times as high, and the  small
current which does flow is due to the minority
carriers near the junction.

An n-p-n transistor, which contains two p-n junc-
tions located very close together s illustrated in
Figures 4 and 5. As shown in Figure 4(h), leads
are attached to each of the three sections. The
solid line circuit includes one ot the junctions
(emitter) which is biased in the forward direction
by the battery B1. The broken line circuit includes
the other junction (collector) which is biased in the
reverse direction by the battery B2, The thin p-tvpe
scction, common to both circuits, is called the base.

A small alternating voltage, such as a weak voice
signal in a telephone transmission line, may be in-
troduced into  the This circuit
contains no high resistances; it is a low power

emitter circuit,

v one kind of

Al amplifiers operate by using

current to control another. In electron tube
triodes, as in transistors. two mechanizins of
conduetivity are needed. Some electrons arve
confined to the metallic parts of the circuit: for
example. those that flow in and out of the grid
released into the

wire. Other electrons are

vacuum and are the source of the “space cur-
rent” that is controlled by the charges in the
gricd wire. In the n-p-n transistor the flow of
electrons across the p-type region is analogous
to the space enrvent. This flow i regulated by
the potential difference across the emitter june-
tion. and depends on the flow of holes in and
out of the base contact.

Looking deeper into fundamental concepts,
further similarities between the two amplifiers
are found. What is the nature of the distinetion
between the two kinds of current we have said

must bhe present in each instance? One dis-

Electron Tube — Junction

rgn Ld Al . .
I'ransistor Comparison

tinction is the energy level of the eharge car-
riers. In the electron tube triode. thermionie
clectrons are emitted front a hot filiment to
furnish carriers for the space current. Energy
must be furnished to boil electrons out of the
filament in much the same way that it takes
energy to convert water to steam. Fhe energy
difference hetween eleetrons inside and outside
of the metal is called the “work function.™ Tt
1= a potential encrgy difference. and is a meas-
wrable quantity which varies from metal to
metal. There i also a difference in energy he-
tween eleetrons and holes in a semiconductor,
and it is preecisely this potential energy differ-
ence that permits two carriers of currents to be
diztinguished and separately  controlled.  In
semiconductors this energy separation is called
the “forbidden-cnergy  wap.” and s value,
which can be measured by experiment, is an

important characteristic of the semiconductor.

JUNE, 1954
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Fig. 5 4

recent design,

typical n-p-n junction transistor  of

circait and even a weak signal produces a corre-
sponding current across the emitter junction. As a
result, minority carriers (electrons) are emitted into
the thin p-type base laver. This base aver is also
adjacent to the other junction which is biased so that
anv electron that reaches it from the p-type side
will be pushed across (collected ). The dimensions
of the base laver are such that almost all emitted
clectrons will reach the collector junction before
thev find their wav out to the contact at the surface,
or are lost by reacting with holes. The efficieney of
this transter of a signal across the collector junction
is greater than 99 per cent in good models. Semi-
conductor rectifiers which functmn in the manner

THE AUTHOR

of the collector junction have in the past also been
called varistors, and the name transistors was coimed
mitiallv to indicate the function described above.

The collector circuit contains a reverse biased
p-n junction that has a very high resistance; it is
potentially a high power circuit. Transter of the
substantially unattenuated signal into this circuit
represents power gain, and the energy for this
amplification is furnished by the battery B2,

The junction transistor has lived up to its early
promise. It has already appeared in a varicty of
models which maximize such properties as low
power, high power, and high frequency response.
Several quite different techmqucs have been de-
veloped for its construction, and both p-n-p and
n-p-n versions are being manutactured. The opera-
tional difference between these two variations is
simply that all polarities are reversed.

The essential function of the emitter is to change
the number of minority carriers near the collector
junction. This can also be done by absorbing
light or by changing the temperature.
reverse biased p-n junction is a sensitive l)h()tocoll
If the voltage across such a junc-

Thus, a

or thermometer,
tion is increased sufliciently, the breakdown point
will be reached, and the current will suddenly in-
crease rapidlv. This breakdown, in contrast with
that encountered in most materials, is non-destrue-
tive. As a result, p-n junctions also serve as excellent
voltage limiters, and the critical voltage can be
varied widelv by controlling the impurity distribu-
tion across the jnnction.
Return now to Figure 3.
applied across the crvstal, it was evervwhere clec-
tricallv neutral. When the mobile holes and clec-
trons were drawn awayv from the junction as shown

Before the voltage was

MonGan Sranks received the B.AL (1938) and MLA. (1940) degrees from

Rice Institute and.

received his Ph.D. deg,l(*e h()m the University of Iinois in 1943,

he joined the Laboratories
engaged in military projects,

studving under a Rockefeller Foundation Fellowship.

and  was Asslgned to an electrochemical gronp
After World War 11 he conducted research on

That year

primary hatteries and electrolvtic rectifiers until 1948 when he turned his
attention to transistor electronics. In this ficld he has heen especially con-
cerned with the devclopment of p-n junction transistors and other p-n junction
devices. Mr. Sparks is a member of the American Chemical Society, the
American Physical Society. Phi Beta Kappa. Sigma Xi and Phi Lambda Upsilon.
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in the figure, however, the immobile donors and
acceptors in this region were exposed as naked
charges. A “space charge” is thus formed consisting
of positive donor ions on the n-type side, and an
equal charge ot negative ucceptor ions on the p-type
side. This region has been swept of mobile charges,
and represents a decrcase in the conductivity of
that part of the crystal. The width of the space
charge increases as more mobile carriers are drawn
away from the junction by increasing the voltage
that is applied to it.

Since the space charge produces a non-conducting
laver between two conducting regions, the p-n
junction has an electrical capacitance. This capaci-
tance is a nuisance M omost cases; for e\'mnplc, its
presence in - the collector junction of a transistor

adversely affects the high frequency behavior of the
mnit. It can be useful, however. The capacitance
of the junction is-changed as the width of the space
charge is varied by the applied voltage. In this way,
a p-n junction may be used as an active component
for a frequency modulated circuit. Complete FM
transmitters no bigger than a pack of cards have
been made and demonstrated using this principle.

A single p-n junction is one ot the least compli-
cated structures possible in a semiconductor. Tt
lends itself to complete mathematical analysis, and
is not unduly difficult to make. It is a truly remark-
able entity. It has served as a tool tor research
scientists and as a building block for design engi-
neers. [tis the basic coneept in the rapidly evolving
ficld of semiconductor devices.

Patents Issued to Members of Bell Telephone Laboratories

During March

Barlow, D. S,
2,672,515,

Bostwick. L. G.
Davey, | R.— Telegraph Repeater

Dickinson, 1. R, — Apparatus for Cooling Electron Discharge
Devices — 2.673,721.

Doblemaier A, HL
2.673.960.

Douvas, A, G,

Calling  Station  Identification  Cireuit —

Vibrating Reed Devices — 2673482,

- 2672511,

Thermistor  Measuring  Apparatus

Square Ware Circuit — 2671170,

Dunlap, K. S, and Malthuaner, W. A,
2,672,523,
Graham, R. E. and Harrison. C. W.
ing Generator — 2,671,133,

Grisdale, R. O., Pfister, A, C.. and Teal, G. K. — Electrical
Resistors and Methods of Making Them — 2,671.735.

Harris, |. R. — Diode Gate — 2,673,936.

Iarrison, C. W., see Graham, R. E.

Holden, W. H. T. — Channel Testing Circuit — 2,672.521,

Holden, W. H. 1. and Vibbard, 1. L. — Station Identifier
2,672.518.

Hovt, F. A.

Jones, T. A, — Control of Transmission in Two-Way Tele-
photograph Systems — 2,673,891,

Kock. W. E.
Bends -

Telephone Subseriber

Vertical Synchroniz-

Coin Collector — 2,670.830.

Mode Suppression in Curced Wave-Guide
2,673,962,

Lander, ]. J. — Plating with Oxides, Sulphides, Selenides,
Tellurides of Cliromium, Molybdenum, and Tungsten —
2.671,739.

JUNE, 1954

Lang, W. Y. — Teletypewriter Line Feed Transmitting and
Counting Apparatus — 2,672.508.

Lewis, B F.
Malthuaner, W AL see Danlap. KOS,

Mathes, R C.— System for Analyzing and  Synthesizing
Speceh — 2.672.312,

Recording Systenm — 2.672.595.

Mills, o Ko and Rosse Wo S, — Telephowe Ringing Power
b

Plant 672,604,
Miloche, . AL and

2,673.970.

Obst. C. V. — Ferminal  Strip -

Munford, W. W. — High Firequeacy Amplifying Devices
2.673.900.

MecSkimin, H. J. — Delay Line — 2.672.390
Obst, C. V., see Miloche. 1AL

Plister. A, C.. see Grisdale, R. O.

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

Translating — Devices —

Shockley,  W. — Semiconductor

2.672,528.

Soffel, R.O. — Signaling System — 2,671,824,
Teal, G. K. sce Grisdale, R, O,
Vibbard, E. L. — Control Circuit — 2.671,611.
Vibbard, E. L., sec Holden, W, 11 T.

Williams, S. B. — Electronic Computer — Re 23,807 (Reis-
sue of 2,502.360).

Williwmson, R. J. — Inductance Coil — 2,673,961
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Dr.

elly: Receives Industrial

Research Institute Medal for 1954

Dr. Mervin . Kelly, president of the Laboratories,
recently veceived the Industrial Rescarch Institute’s
1954 Medal at a dinner climaxing the Institute’s
annal meeting in San Franciso, The medal, estab-
lished in 1945, has heen presented annually since
then “to recognize and honor outstanding accom-
plishment in leadership in or management of indus-
trial research which contributes broadly to the de-
velopment ot industry or the public welfare.”

Dr. Fred Olsen, past president of the Institute,
presented the medal to Dr. Kelly “for distinguished

the importance we have attached to the application
of science to creating new weapons and the strategy
of their use,” Dr. Kelly said. “While World War 11
was in progress, revolutionary weapons and methods
of warfare were created and introduced that de-
creased the period of the war and brought victory
with shorter casualty lists. In the postwar period,
with atomic power as the destrictive force, a mili-
tary strength has been created that has deterred the
Russians trom all-out war. Recent developments
have raised the destructiveness of an atomic explo-
sion to a level where its very magnitude may well
act as a deterrent even though both sides are ca-
pable of employing it.” »

Industrial rescarch has plaved the major role in
producing these results, he declared, for some 60
per cent of this country’s military research and de-
velopment work has been carried out in the labora-
tories of industry. At the same time, industrial re-
scarch has made equally important contributions to
an abundant economy and a steadily rising stand-
ard of living for Americans.

He cited as a typical example of the truits of in-
dustrial rescarch the experience of the telephone
industry. Thirty vears ago the Bell System served
about eight million subscribers; today it serves
fortv-one million, a five-fold increase. This has heen

accompanied by an expansion of the range of tele-
phone communication and by the introduction of
new services such as broadcasting and television

Dr. Kelly aceepts the Industrial Rescarch Institute Medal
from Dr. Fred Olsen, past president of the Institute. At

the left is Dr. Allen Abrams. president of the Institute,

leadership in industrial research, joining the mind
of the scientist and the hand of the technologist to
serve the securitv and well being of mankind, and
for outstanding personal contributions to national
security.” Dr. Allen Abrams, president of the In-
stitute, presided as the award dinner.,

“Industrial vescarch is perhaps the most significant
force inour society in determining the quality of our
living, in conserving materials essential to indus-
trial man’s survival, and in insuring our freedoms,”
Dr. Kelly declared in his acceptance address.

In the last 15 years, he pointed out, the nation
has spent $15 billion in research and development
directly connected with our military strength, while
we have invested only $11 billion in research and
development for our civilian economv.

“The relative size of these figures is indicative of

208

networks and teletvpe facilities. Thus, through re-
search, the expanded usetulness of the Bell Svstem
communications network has been achieved with
only a three-fold increase in personnel.

Looking ahead, Dr. Kellv predicted that the
trend toward increased productivity will continue
at an accelerated rate with the introduction of elec-
tronic svstems, generally of the “electronic brain”
or computer typé, in manufacturing, merchandising,
business and banking operations.

“Automation through electronic systems has re-
ceived large stimulation from the electronic com-
ponents arising from mdustrial research in solid
state physices,” Dr. Kelly said. “The robot factory
moves out of the Jules Verne area into one of reality.
Electronic automation implemented with solid state
devices will be one of the major cconomic and social
forces during the next few decades.”
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Tyvpe-0O
Carrier:
Syvstem

Objectives

GRIFFITH AND H. KAHL Transmission Engineering

B. C.

g demand for more telephone circuits in areas served by short-

hanl open-wire lines posed the problem of how to make more effective use

Increasin

of the existing lines. Studies indicated that a suitable type of low-cost carrier
system might be possible. As might be expected, this involved a comprehen-
sive study of the problems common to various types of carrier systems,

and objectives were established for an appropriate system. with particular

emphasis

Radio relay svstems and coaxial cables are so
commonplace today that it is easv to lose sight of
an  important  transmiission  medium — open-wire
lines. This muainstay of the Bell Svstem provides
toll and tributary telephone service over about
170,000 ronte-miles: many parts of the country are
served almost exclusively by sach lines. Since only
a few circuits have been required on many of these
routes, it has been economically advantageous to
string additional wires in these areas rather than
to install cables. Mucli of the service provided by
open wire is comparatively  short-haul, between
small cities and towns separated by short distances.

In Towa, tor example, where open-wire consti-
tutes a large part of the outside plant, 95 per cent
of such toll circuits are less than 100 miles in length,
and 98 per cent of the tributary circuits ure less
than 30 miles long. Groups of these circuits used
1bove — A typical rural scene showing five open-
wire pairs in the foreground and another open-ivire
line in the distance. Many parts of the country

are served almost exclusively by such lines.

JUNE. 1954

on short-haul performance and minintum practicable cost.

either for “via” or terminated business between ad-
jucent towns are generally small, averaging about
four circuits per group for toll, and two circuits
per group for tributary service — circuits between
a toll center and a local otfice. The thousands of
telel)honcs in the Towa arca are thus interconnected
by a spider-weh of open-wire lines, as shown in
Figure I, and a few long cables.

Conversion of tributary offices to automatic op-
eration has created a need for more cirenits, Normal
message service requires only a few trunks between
a manual tributary office and a toll center. When,
however, a tributary office uses automatic equip-
ment, the operators are usually moved to the toll
center. Since the trunks must still be used for mes-
sage ronting, items arising at the tributary office
but handled from the toll center. such as directory
information, complaints, and special services, re-
quire additional circuits. Expansion of telephone
service and future conversion to dial operation are
expected to further incrcase this demand for addi-
tional circuits.

The problem of providing new circuits in num-
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The spider-iceb of open-wire lines serving

Vig. 1

bers sufficient to meet this demand presented the
following additional open
wire on pole lines already well loaded, replacing
or applving

alternatives:  stringing
paralleling such lines with cable,
suitable carrier svstems to existing open wire, Of
these alternatives, carrier scemed the most attrac-
tive since circuits could be made available as re-
quired without an initial Targe capital outlay.

Noue of the existing carrier svstems designed for
open-wire operation were considered suitable for
this application. For instance, the present single
channel svstems do not provide enough extra cir-
cuits. Modified Type-M systems, originally devel-
oped for use on power lines in rural areas, have
been used to some extent, but are restricted in appli-
cation because of extreme attenuation at the high
trequencies emploved. Three-channel Type-C car-
rier is used on some of the longer routes, but is not
economical for distances less than about seventy
miles. Tvpe-] carrier,
channels above Type-C, was not considered for
such short-haul service for economic reasons. What

l)l(wldnw twelve additional

was necded was a new carrier system for open wire,
with a suflicient number of channels, designed spe-
cificallv for economical application over distances

210

lowa at the time of the studies.

between about twenty and two-hundred miles.

A primary consideration in an open-wire carrier
system is the transmission properties of the lines on
which it will be used. Figure 2 shows the loss-
versus-frequency  characteristies of a typical open-
wire line trunsp()sed to transmit all frequencies up
to about 150 kc.
ent weather conditions: dry weather, wet weather,

- A typi-

Curves are shown for three differ-

and 1 radial thickness of sleet on the wires
cal open-wire line under sleet conditions is shown
in Figure 3. The resulting transmission losses must
be overcome by amplification in the carrier equip-
ment. For short svstems, this amplification can be
supplied by the tenmnd] equipment, but longer
systems need repeaters between terminals to com-
pensate tor line attenuation.

Since line attenuation is dependent on weather
conditions, it is necessary tor the carrier equipment
to supply different amounts of gain as the line loss
Figure 2 also shows that the line loss in-
creases with frequency, sleet
conditions. Since attenuation of the higher carrier
frequencios is greater, a carrier svstem using these
frequencies needs repeaters spaced more closely
than a svstem using lower frequencies. Considera-

changes.
particularly under
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non maust also be given to c(luulizinq, or compen-
sating for, variations in line loss across the frequency
band of the carrier svstem.

Another important item is noise on line pairs at
carrier  frequencies, primarily - from atinospheric
static. So that this noise will not intertere with trans-
mission over the line, the transmitted speech and
signaling energy must be appreciably: greater than
the noise. Since, in passing over a line. the trans-
mitted energy s attenuated, or reduced in magni-
tude, it must be reamplified to keep it above the
normal noise level,

Still another important property ot the line s
coupling between pairs, resulting in a small amonnt
of the energy trom one pair appearing as crosstalk
on other pairs on the line. The wnount of this cou-
pling can be fairly well controlled Iy transposing
the wires of the pairs, together with reasonable care
in line construction and maintenance. In general,
“crosstalk™ coupling hecomes greater as the tre-
quency s rwsed, and more complex transposition
arrangements are reguired for these higher trequen-
cies. A practical device for reducing crosstalk s
the compandor,® such as has been nsed with other
svstems in the past. FFor ('Vaunpl('. the (-()mpuml()r
used in Type-N carrier rednees crosstalk by some-
what over 20 db. This advantage permits crosstalk
coupling between pairs to be appreciably higher
than for a svstem not using compandors.

A compandor, in addition to reducing crosstalk.
eflectively reduces noise introduced i the circuit
and by abont the sime wmount. Lines designed to
meet relatively denient crosstalk reguirements are
also found to be comparatively susceptible to noise
and the compandor is expected to more than com-
pensate tor this increased  noise  susceptibility.
Theretore, using a compandor permits lower trans-
mitting levels, and reduces the eftects of noise and
cross-modulation produced in the carier equip-
ment. This in turn permits more lenient require-
ments for the carrier equipment components — the
filters, as one example.

Since it was evident that one of the important
uses for the new carrier svstem would he on pairs
cquipped with Tvpe-C carrier, consideration was
given to the requirements for such operation, There
are many lines now nsing Tyvpe-Co carrier, with
frequencies up to about 30 ke, that are transposed
to satistactorilv - control  crosstalk  coupling  over
this range. Investigation of crosstalk on such lines
showed that, although crosstalk coupling increases

° Recornp, July, 1952, Page 277.
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rapidly at higher trequencies, it does not increase
by more than the expected compandor advantage
for frequencies up to about 70 or SO ke. Theretore,
providing that compandors be used. the frequency
range between 30 and SO ke, adequate for at least
four message clhimels. conld be used for carrier
transmission on these Tines as they are now, Without
compandors, extensive retransposing would e re-
quired. and this wonld by far exceed the cost of
compandors,

\ further important consideration for the new
carrier svstem was the nnmber of ¢hannels it should
provide. In establishing this objective, the following
facts were considered:

(1) 1t should be possible to apply the new car-
rier svstem in small groups of channels. Often only
one or two chanmels at any one time will be needed
to supply additionul cirenit reguirements,

(2) Lines on which the new carrier svstem might
he used may or may not already be using Type-C
carrier. (C carrier on some pairs of w line would
necessitate i coordinating svstem—that is. one using
approximately the  same  trequeney ranges  tor
equivalent directions of transmission. That portion
of the new systemn operating in this range must
therefore be limited to about four message chan-
nels. Sinee it was anticipated  that - compandors

20
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Fig., 2 lttenuation versus frequeney for an open-

wire line transposed for frequencies up to 150 ke,
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Fig. 3— One of the problems to be considered in an open-

wire carrier system is attenuation resulting from sleet on
the wires. Here a lineman correets a trouble arising from
sleet conditions.

would he used, this part of the new svstem should
be capable of operating on a line transposed for
voice frequency only.

(3) Since the attenuation of a line increases with
frequency, a system using the higher carrier fre-
quencies wonld require more closely spaced re-
peaters than a lower frequency svstem. This factor
is important for Iines on which sleet mayv form.

(4) The availability of several similar svstems,
using progressivelv higher frequencies, would per-
mit the initial use of only the lower frequency svs-
tems. These wonld require the least line modifica-
tions aud the least number of repeaters between
terminals. Later, it additional carrier circuits were
required, they could be supplied by installing higher
frequency svstems on suitably retransposed  pairs,
These facts led to a decision to group four channels
together to form a svstem, and to provide as many
such svstems as feasible to utilize the frequency
space up to about 130 ke.

Another muj()r pro])]em, cncountered at rcpcuter
points, is coupling trom the repeater output of one
svstem to the repeater input of another svstem.
This particular crosstalk path is completed through
other pairs of wires on the line that by-pass the
repeater point. Figure 4 shows the manner in which
these crosstalk currents flow: the crosstalk path
mav be blocked by placing filters or other suppres-
sion devices in the non-repeatered pairs as indicated.

19
—_—
19

This practice is followed at all J-carrier repeater
stations and requires a great deal of suppression
equipment, especially it there are many pairs on the
line involved.

A solution to this general problem involves the
technique of “frequency frogging.”™®  In existing
tvpes of open-wire systems, one group of frequen-
cies is used for transmission in one direction and
another group is used i the opposite direction. A
frequency-frogging repeater, however, receives one
group and translates it to the other group before
retransmission.  The result is that a transmitted
signal that finds a crosstalk path to the input of a
repeater on an adjacent pair can do no harm, since
the freqn(‘ncies received b_\‘ this repeater are in an-
other band. In effect, frequency frogging results
in a repeater receiving only one frequency group
from both directions and retransmitting  another
group in the other frequency range in both direc-
tions. This technique results in a considerable sav-
ing in the suppression equipment required on all
non-carrier pairs.

Another advantage of frequency frogging is sclf-
equalization.  Figure 5 shows the successive at-
tenuation and reamplification of a group of chan-
nels over two equal repeater sections.  Channels
at each end of the frequency gronp are shown by
heavy lines so that their positions may be fol-

® Recown, July, 1952, Puge 277.
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Fig. 41— Crosstalk coupling from the output of a
repeater may occur through non-repeatered. pairs
on the same line. Expensive suppression devices

may be eliminated if frequency frogging is used.
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lowed. The levels across the group are cqual at
the output of the transmitting terminal. After trans-
mission over a section of line, the sloping frequency
characteristic results from the difference in attenu-
ation with frequency in the line section. A frogging
repeater shifts, inverts, and amplifics the group.
At the end of the second line section, the relative
attenuation of the different frequencies again gives
After passing
through the next frogging repeater, the levels and

the same level across the band.

trequencies would be restored to the initial condi-
tion. The inversion of the group in successive re-
peater sections minimizes the need for equalization,
since the slope introduced by one repeater section
will be cffectively canceled by the reverse slope
in the next repeater section,

Although the projected carrier svstem was in-
tended  primarily  for
through short lengths of cable was also necessary.

open wire, transmission
Open-wire lines usually terminate at the edge of
town, and from this point to the office all circuits
are in cable. Transmission characteristics of open-
wire and cable pairs differ appreciably, and special
treatment of the circnits is necessary at the open
wire-to-cable junction.

Cable pairs at present used for the lower fre-
quency range are usually loaded to simulate the
impedance of open-wire pairs; it s pructi(-ul to
muake this loading effective for transmission up to
30 ke, For the higher frequercies, cable pairs are
nonloaded and a satisfactorvy impedance match
with open wire in this range may be obtained by a
fixed-ratio transformer. This requires the separation
of high and low frequency ranges with a high pass-

JUNE, 1954

low pass filter arrangement, and the use of two
cable pairs into the office. Since separation of the
frequency groups is necessary before these various
groups are repeatered or terminated. the filter set
required for this purpose could be used at the open
wire junction to perform this function there. lts
special requirement was that it he capuble of being
used outdoors, probably mounted on the crossarm
of a terminal pole.

The basic objective for any carrier svstem is its
transmission performance: that is, its ability to sat-
isfactorily transmit voice and signaling between
terminals. Further requirements are that when it
is used as a link in tandem with other facilities, its
addition should not degrade the performance of the
over-all circuit. Thus, the bandwidth of a carrier
channel, as well as the frequency characteristic
across the channel, should be similar to that of
existing toll circuits. Also, the naise and crosstatk
contribution must be held to such vahlues that they
will not add appreciably to other sources of noise
and crosstalk on the over-all circuit. However, since
this cmltomplutcd Nnew carrier svstem was intended
onlyv for short-haul use, the transmission require-
ments were appreciably casier to meet than they
would have been for a long-haul carrier system.
In particular, this would permit greater magnitudes
of noise and crosstalk per mile of line, and some-
what less precision in repeaters. sinee relatively
few would be used.

Signaling information, as well as voice currents,
must be transmitted over cach carrier telephone
channel, and is expected to be of icreasing im-
portance as the nationwide dialing plan grows. Par-

23]
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ticularly for small offices. a separate signaling chan-
nel associated with cach message channel would
provide maximum flexibility and eliminate the rela-
tl\’(‘]_\’ ]urgv amount of e(luipmvnt Now l'(’(_{llfl't‘(l to
transmit signals over the voice channel. A narrow
signaling channel might be located adjacent to the
message channel and the total energy,
of message and signaling  information,

consisting
could be
transmitted over a single composite chanmel.  1f
the signaling channel were at a trequency just above
the normal voice frequency range, signaling and
message information conld he readily separated by
filters, The addition of such a narrow-band Sig-
naling channel would use onlv a small amount of
hequen(\’ space of the carrier channel.

To suminarize, it was concluded that the objec-
tives of this contemplated  carrier svstem be as
follows:

L Tt shonld be designed to operate on open-wire
lines not now using carrier, or using carrier to only
a limited extent, A minimum of lmo rearrangement
and a minimum of auxiliary equipment \lmuld be
required. To do this, it was recommended that:
(a) compandors be used on all channels to rednce

THE AUTHOR

the effects of noise and crosstalk, and to appreciably
reduce the line rearrangement required; (b) fre-
quency frogging be used at repeater points to elimi-
nate crosstalk suppression devices on all noncarrier
pairs: and (¢) adequate regulation be provided to
compensate for changes of line attenuation with
weather conditions, including sleet.

The svstem should consist of groups of only
a few channels, (a) a low frequency group to co-
ordinate with Tvpe-C carrier, using approximately
the same frequency range; and (b) additional svs-
tems of four chanuels cach using progressively
higher frequencies up to about 150 ke.

3. Signaling incorporated in the system should
be out-of-b m(l that is, should usc frequencies out-
side the message channel. It should be capable of
handling normal signaling and supervisory func-
tions as well as transmitting dialing pulses.

4. Cost of the system s]mul(] l)c low enongh to
make it economical for application over short dis-
tunces, in the or der of t\vcnt_v miles.

5. In the interest of cconomy, the carrier equip-
ment should be kept physically small so that a
miinimum of office space will be required.

studies.

Hexky Kanp joined the Laboratories in 1928 with a B.S. degree in E.E.

Bamrierr C. Grirrita received the BaSc.
Toronto in 1925, and the MLS. and D.Sc. degrees from Massachusetts Insti-
tute of Technology in 1926 and 1928, r(".s‘p('('t.i\’vl_\’.
Telephone and Telegraph Company in 1928, working on inductive coordination
I 1936, two vears after his group tl‘lll\f(‘ll(‘(l to the Laboratories, he
was assigned to the dev elopment of the | carrier.

and, more recentlv, with the development of carrier svstems.
devoting his time to the rural customer carrier svstem.

degrec from the University of

He joined the American

Since 1939 he has been a

member of transmission engineering, associated with noise and crosstalk studies
He is currently

trom the State College of Washington. He was first engaged in fundamental
studies of noise and its effects and the design of equipment for noise and
transmission  studies.  In 1938 he transferred to a group concerned with
problems relating to open-wire crosstalk, transferring again in World War 11
to work on military projects.  Following the war he worked on negative
imped;m(-e repeaters and recentl)' turned his attention ;1gain to ()pen-\\'ire
carrier svstems.
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The author (left) and
1. G. Schuh operate the
alarm circuit test on o
Type-O) torminal in the
laboratory.  An  assem-
bly of tico repoaters fills

the bav's  lower part.

I'vpe-0O Carrier: System Description

R. D. FRACASSY Transmission Systems Development |

When it became evident that additional cirenits would be needed for short-

haul traflic in areas served by open-wire lines, careful studies were made
A\ i

of the existing situation and systems objectives were set forth, In meeting

these objectives, a number of new features that are unique in carrier tele-

phone service were incorporated in the design, Also, several design features

of Type-N carrier were utilized. The result is an efficient, yet inexpensive,

carrier system that meets the demand for more circuits without the need

for stringing new wire.

Continually icreasing demands for additional
circuits on short-haul open-wire lines led to the
(1(*\'@]()1)111(’1”’ of Type-O carrier. The requirements
tor such a carrier svstem were studied and svstem
objectives were set forth, together with certain
recommendations as to how those objectives might
be achieved.” The next step was to consider exist-
ing carrier systems as well as new ideas, to decide
just how the objectives might best be met.

Some of the ()])jectives were: the use of com-
pandors to ease line crosstalk and filter require-
ments, the use of frequency-frogging at repeaters,
wide-range regulation to compensate for Lirge line

? See page 209.

JUNE, 1954

loss changes caused by rain and sleet, repeaters
small enough for pole mounting, and coordination
with existing Jow-frequency svstems. Several of
these objectives were similar to those met in the de-
sign of the Tyvpe-N carrier svstem for cables, and
it was decided to take advantage of the Type-N
design features where possible. 1t was further de-
cided that, while most of the design problems of
Tvpe-O were different from those of Type-N, the
development approach of Type-O would be pat-
terned after the Tyvpe-N design and thus make
Type-O a companion system. This is most obvious
in the equipment aspects of the two svstems, where
miniaturized components and plag-in units are used.

One of the first design problems to be settled was
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the type of transmission to be emploved — double
Double

transmission, as emploved in Type-N, offered the

sideband or single  sideband. sideband
attractive advantages of simpler filter designs. 1Tow-
ever, double sideband transinission is wasteful of
freqn('nc_v spectrum. The top frv(lnenc'\' limitation
of open-wire lines is fixed by problems imvolving
radiation. coupling between pairs, and large vari-
ations i loss cansed by weather conditions. This
sets the top frequency at 150-160 ke for Tvpe-O,
in contrast to about 260 ke used by Type-N on
cables. [t wuas therefore  decided  that Type-O
should be a single sideband svstem, to provide a
sufliciently large number of channels.

With the decision to use single sideband  trans-
mission, as in most other Bell carrier svstems, the
arouping of channels remained to be determined,
to round out the development approach. It was
finally decided that Type-O should consist of four
separate svstems of four channels each. A full com-
plement of Tyvpe-O consists of sixteen two-way
chanuels. Tustead of being called the Tyvpe-O car-
rier svstem. it should more accurately be called
the Tyvpe-O carrier systems. These four svstems,
then, were given designations QAL OB, OC, and
OD, in ascending order of frequency. Figure 1

shows the line frequency allocations of the four
svstems. The high and low group arrangements
emploved are used for the two directions of cach
four-channel svstein.

A separation of 4 ke is provided between the
aroups to permit the use of selective group filters

s Sl - L S o e s LI
edle alonle alosle dede alodls mledle cleele =lol
[==|= Sl Sl == s = | =]

|\ . S 5 L L B V. S O V. N S V. .0 UL W
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T T T T e T e e T
0 6 14 24 32 44 52 64 72 84 02 104 (12 124132 144152 160
FREQUENCY IN KILOCYCLES PER SECOND
Fig. | -— Frequeney allocations of the four svstems
& 1 A -

of Tyvpe-O carrier.

of practical design. For OA, it was possible to re-
dnce this “cut-apart” region to 2 ke because of the
lower frequencies involved.  Line frequencies be-
low 2 ke, not used by Type-O, are available for
voice-frequency telegraph or similar services adapt-
able to such a limited frequency range.

This four-channel grouping of the Type-O equip-
ment is of considerable advantage on routes where
circuit growth is slow. Because the four svstems
may be “stacked” one above the other, frequency-
wise, thev mav be added on a pair as the demand
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OA SYSTEM 1 OA SYSTEM
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Fig. 2— A complote Type-O) carrier lavout. Line filters G2 separate type Od from the other three systems.
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increases. The four-channel grouping is also de-
sirable where line facilities are not transposed for
operation at the higher frequencies, and theretore
can accommodate only a restricted  number of
channels.

Figure 2 shows a complvtv Type-O carrier lav-
out, made up of the four svstems OA, OB, OC, and
OD. Transmission for both directions for all four
systems is turnished by oa single pair of wires. Di-
rectional filters labeled ca, o, co, and b, provide
the necessary frequency sclection for - two-wire
operation according to the modulation plan that
is shown in Figure 4.

The svstem features of Type-O carrier can best
be discussed by starting at o terminal. Figure 3
is « block diagram of an OB terminal; this is iden-
tical with terminals of the OC and OD svstems
except for differences associated with line frequency
allocations. An OA svstem terminal has additional
differences in group circuits.

Since the use of compandors in the channel cir-
cuits was sugeested in the svstem objectives, and
since those used in Tyvpe-N?® proved satisfuactory,
it was decided to use the same compandors in
Type-O, virtually unchanged. This also permitted
the use of the same 3.700-cvele signaling circuits,
since they were included in the expandor unit, a
part of the compundor. The original carrier fre-
quency subassembly of Tvpe-N was replaced by a
similar one for Type-O, incorporating the necessary
filters and other components.

The carrier frequency channel cireuits of Tvpe-0O
employ a “twin-channel” allocation similar to ar-
rangements used in the past in overseas radio. In
this wrrangement, one carrier is made to serve two
separate channels. A “twin-channel” unit, contain-
ing a transmitting oscillator and a receiving regu-
lating amplifier, is common to fiwo separate chan-
nels. Ordinarily, in single sideband  transmission,
cach message chanmel has its own carrier associated
with it and it alone. In Tvpe-O carrier, one mes-
sage chamel is modulated onto a carrier supplied
by the “twin-channel” unit, and one sideband s
removed. At the same time, another messuge chan-
nel is modulated onto the same carrier frequency.
supplied by the same “twin-channel™ nnit, and the
opposite sideband remaoved,  If the first channel
has the lower sideband removed. the second clian-
nel has the upper sideband removed. The carrier
[requency is completely removed from both chan-
nels during modulation, and is then reinserted in a

Recorn, Nocember, 1953, page 450,
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Fig. 3- 4 completely assembled Type-O four-

channel terminal.

combining multiple at a predetermined amplitude.
From this point on. a single carrier is associated
with two different message channels. as shown in
Figures 1 and 4.

The “twin-chammel™ arrangement makes use of
onlv two carrier frequencies for the four channels
— 184 and 192 ke, The modulation plan provides
that, if the transmitting side of channel 1 uses the
lower sideband of 184 ke, or 180 to 184 ke, then the
receiving side uses the npper sideband of 192 ke,
or 192 to 196 ke, The two filter circuits providing
these pass bands are contained i a singlc plug—in
unit, called a channel band filter. The assignment
for channel 4 makes use of the inverse arrange-
ment — the transmitting side passes 192-196 ke and
the receiving side 180-184 ke 1t is obvious then.
that the same code of channel band filter may be
used i both channels by proper orientation in its
plug-in socket. In a similar wav, channels 2 and 3
make use of a filter code providing pass-hands of
184-188 ke and 188-192 ke, This feature ot the
modulation plan provides cquipraent economics in
that four charmcl band filters involving only two
codes are sulficient for four channels.

(]
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Group transmitting  circuits convert this four-
chamnel band of frequencies (180-196 ke) to the
proper frequency band for transmission over the
line. For OB low-group transmission, a carrier fre-
quency of 236 ke is used tor modulation and the
four-channel band is translated to 40-56 ke, In the
case cited, the channel 1 band of 180-184 ke Dbe-
comes 52-56 ke on the line. 1n the receiving direc-
tion, incoming frequencies cover the high-group
band of 60-76 ke: a carrier frequency of 256 ke is
used for demodulation in the gronp receiving cir-
cuit. Here, channel L line frequencies of 60-64 ke
are converted to 192-196 ke, the proper allocation
for selection by the receiving channel band filter.
Channel carriers are adjusted to 6 dbm® at the
transmitting group output where the message side-
band levels are 0 db. The 3,700-cvcle signaling
tone of cach channel, located 3,700 cvcles awav
from the carrier, is O dbm at this point.

One of the svstem ()l)j(‘ctivcs was to pr()vi(lv wide-
range rcguluti()n to compensate for variations in
line loss caused by changing weather conditions.
The group receiving circuit contains a regulating
ampliﬁer which maintains a nearly constant output

* Decibels above one milliwatt.
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with line loss changes of about 0 to 40 db. The
“twin-channel” regulators are  particularly cffec-
tive as a supplement to group receiving regulators
under sleet conditions. Over-all system pertorm-
ance is within tolerable limits for line losses up to
50 db, the engineering limit corresponding to con-
ditions with one-quarter-inch radial thickness of ice
on line wires.

In accordance with design objectives for Tvpe-0,
line-connecting circuits treat the OA system on a
different basis from OB, OC, and OD. The line
frequency allocation for an OA system is such as to
require loaded entrance-cable pairs as are used
in other low-frequency carrier systems. The other
three Type-O systems are designed to work into
non-loaded entrance cable and therefore must be
sepurated from the OA system. The directional
filters for OB, OC, and OD are arranged to work
in parallel and are separated from the OA direc-
tional filter by a line filter. When entrance cable
is involved in the circuit, the line filter, labeled

2 in Figure 2, is located at the junction of open wire
and cable. The line filter contains a low-pass circuit
for the OA entrance cable pair, and a high-pass

circuit for the other systems.
Type-O line frequency allocations are such that
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an OA system may in many cases be used on exist-
ing lines transposed for voice frequencies, without
trunsposition alterations. OA svstem froquol'lcy al-
locations have Dbeen assigned to coordinate with
Type-C carrier when Type-C s present on other
pairs of the same line. The OB svstem, developed
first because of its immediate usefulness, mav be
used above a Type-C system without change in
line transposition.  The higher frequency svstems,
OC and OD, may be used on a few existing lines
transposed tor Tvpe-C but will, in general, require
a new transposition design developed specifically
for Type-O.

Frequencv-trogaing,® as was suggested in the
system objectives, reduces interaction crosstalk and
climinates the need of equalization for “slope™ in
the line loss characteristic.  Frequenev-frogging is
emploved in the repeaters of the OB, OC, and OD
svstems. It is not used in OA becanse of coordina-
tion with Tvpe-C. Conversion of a four-channel
frcqucnc-} band from high group to low group, or
vice versa, in passing through a repeater is accom-
plished by the use of a modulator at a low level
point ahead of the repeater amplifier. As illustrated

? Reconrw, July, 1952, page 277,

CHANNEL UNITS TWIN CHANNEL UNITS

in the modulation chart of Figure 4, this process
produces a frequencey inversion as well as an inter-
change between the two groups involved. For ex-
ample, in the illustrated case of the O system, the
input frequencey band of 140 to 156 ke is shifted
to a band of 136 to 120 ke, respectively, by the nse
of a modulator carrier supply of 276 ke.

A completelassembled Type-O - four-channel
terminal is illustrated in Figure 3. It teatures a die-
cast terminal framework and a mmber of plug-in
units, Across the top there are four channel units
and a group receiving unit. Hangng from the lower
shelf of the terminal mounting are two “twin-chan-
nel™ units, a group transmitting unit and a group
oscillator unit. The central lower unit is a plug-in
fuse panel containing the power circuits associated
with the terminal. The central part of the terminal
mounting beneath the cover contains components
associated with the alarm cirenit.

An assembly of two repeaters may be seen in
Figiwe 6. This includes a frame-work  which
mounts tour plug-in repeater ampilifiers and a plog-
in centrul unit containing the oascillator cireuits,
fuses. alarm lamps. and other components. The
two oscillator civeuits are small plug-in wnits, to
supply the carriers required for frequency-frogging.
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Fig. 5— An OB terminal is illustrative of the general Type-O term