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GTE LENKURT DEMODULATOR
ENTERS 26TH YEAR

In 1976, the one-hundredth anniversary of the invention of the
telephone was celebrated. With this issue, the GTE Lenkurt Demodu-
lator marks a quarter-century of service to the telecommunications
industry that has evolved, in all its complexities, from that invention.

When the Demodulator was introduced as a new publication in
March 1952, it was with the stated objective of selecting the important
facts from available data on carrier subjects and presenting them in a
readily understandable manner. In the 25 years that have since passed,
the scope of the Demodulator has broadened to include virtually any
topic of interest to the telecommunications industry. Thus, while the
titles of early articles included, “’Carrier System Wave Filters,"”’
“Transmission of Signals Over Carrier System Channels,’’ and “A
Discussion of 'Levels’ and ‘Powers’ in a Carrier System,’ more recent
articles have been, ’Anomalous Propagation,” ""Switching and PCM
System Interfaces,” and “‘International System Metrics.”” Along with
this greater diversity of subject matter have come gradual changes in
format and editorial policies that, hopefully, have made the Demodu-
lator more useful to its readership, which ranges from technicians to
company presidents.

Unchanged, however, has been the committment of the Demodu-
lator to keeping its readers abreast of developments in the telecommuni-
cations industry, and informed in areas of special interest, through the
presentation of readily understandable tutorial articles. How successful
this effort has been is reflected in the longevity of the “‘new publication,”’
and in the continued support and interest of the industry, for which the
Demodulator staff expresses its gratitude.

In the telecommunications industry, the focus is normally on the
daily challenge of keeping products ahead of technological changes, and
on meeting growing service demands with increasingly sophisticated
systems. When there is time for contemplation, it usually centers on
the seemingly unlimited possibilities of the future, and such retrospec-
tive reveries as this are, of necessity, limited.

As it enters its twenty-sixth year, therefore, the GTE Lenkurt
Demodulator looks forward to recording and reporting on the new
developments that must surely occur. And, as it has been for the
first quarter-century, the success of the Demodulator will be
measured by the only standard available: its ability to provide its
readers with information on developments in a concise and readily
understandable manner.
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Hisloricull_\r, the electronics in-

dustry has sought ways to
reduce physical size, lower power re-
quirements, and increase reliability
through the miniaturization of compo-
nents. Developments in integrated cir-
cuit technology now make it possible,
for example, to realize an entire com-
puter system on a single silicon chip.
Such monolithie devices, however,
have typically not operated well at the
microwave fregquencies, nor at  the
power levels, gencrally used in the
telccommunications industry. Their in-
itial design and production are also
relatively  expensive, and  circuit
changes are difficult to make once
production of a particular configura-
tion has begun. Hybrid integrated cir-
cuits evolved to circumvent sueh prob-
lems without resorting to bulky, dis-
crete-device packages: they continue
to be widely used. despite advances in
monolithic technology, because of
their economic advantages, especially
in small- and medium-volume produe-
tion.

As the term implies, hybrid circuits
utilize certain aspects of both micro-
electronic and diserete circuit technol-
ogy (see Figure ). They are, in gen-
eral, fabricated by depositing conduc-
tive and resistive patterns on ceramnic
substrates to form such passive
inents as conductors, resistors and, in

ele-
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Although they have been in
use for many years, thick
film hybrid integrated
circuits continue to be

an important element

in modern telecommuni-
cations equipment and
systems.

some  instances, capacitors. Diserete
active components where possible,
integrated circuits containing a num-
ber of transistor elements — are then
attached to complete the circuit. Al-
though capacitors can be formed di-
rectly on a substrate by alternate
applications of conductive and dielec-
tric materials, they  occupy  large
amounts of real estate in this {orm,
and their capacitance is limited. More
commonly, chip capacitors of mono-
lithic, multilayer ceramic, or tantalum
stug design are mounted as discrete
components along with the active tran-
sistor and integrated circuit devices.
Hybrid circuits thus retain much of
the flexibility of the discrete package,
allowing certain clements to be readily
changed if desired, while benefiting
from the space and cost reduction of
microelectronics.

Thick Film Fabrication

Thick film is a microelectronic
technique for fabricating hybrid cir-
cuits wherein metallic pastes are de-
posited on a ceramic substrate using
screen-printing processes. Circuits pro-
duced in this manner differ from thin
film circuits which constitute the
other major division of hybrid inte-
grated circuitry — both in the thick-
ness of the fitms themselves and in the
method  of  deposition.  While  the
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Figure 1. Thick film hybrids combine discrete-component and monolithic
technologies to produce circuits that retain many of the advantages of both.

screening process used in thick film
produetion results in resistive and con-
ductive patterns that are approximate-
ly one millimeter thick, the deposition
of thin films is done by vaporization in
a vacuum that forms films typically
measured in hundreds of Angstroms.

Process flow in thick film fabrica-
tion is a series of interdependent proc-
esses. First, the design of the circuit is
laid out as original artwork on a
precision drafting machine. The art-
work is then photographically reduced
and a silk-screen replica of the circuit
made through which the pastes are
applied to a substrate (in practice, the
screen is more commonly a fine mesh
of stainless steel wires).

The ceramic substrates used in the
thick filin process are typically poly-
crystalline compounds. The most com-
mon consist of from 85 percent to
99.5 percent aluminum oxide, or
alumina, with impurities such as cal-
cium oxide and silicon oxide making
up the rest of the material. Conductor
patterns are applied to the substrate
using “‘precious inks,” which are actu-
ally slurries of noble metals and glass
suspended in a highly viscous paste.
The metals may be gold, platinum,
palladium, silver, or an alloy of any of

these, while the paste is mostly an
organic compound with an evaporative
binder added. A resistive ink, using
precious metals such as Rhuthenium
and glass, similar to that used in some
carbon potentiometers is deposited to
form resistors.

In a typical thick film process, the
conductor pattern that will intercon-
nect the other elements is first screen-
printed onto the substrate. A drying
and firing cyele is then performed.
Drying is accomplished by placing the
screened substrate in a temperature-
controlled oven until the binder has
been driven out of the ink. Firing at
high temperature using a sintering pro-
cedure causes the ink to adhere to the
substrate. When the eonductor pattern
has been processed, the resistive pat-
terns are similarly deposited, dried and
fired. When all of the passive elements
have been fired, the substrate is coated
with a glaze and refired. Il the device
is an active circuit, the glazed substrate
then has the proper components flow-
soldered into place.

Thick Film Resistors

The inks used in forming thick film
resistors are specified in “sheet resist-
anee” values of ohms per square. An



ink having a sheet resistance of 1000
ohins per square would, when de-
posited a square pattern, have a
resistance of 1000 ohms from one side
to the other, regardless of the size of
the pattern.

Typical thick film sheet resistances
range from one ohm per square to one
megohm per square, with a nominal
deposit thickness of one millimeter.
The formula for determining the sheet
resistance ol a resistor is:

|
RS' klv

where Rg is sheet resistance, k is the
resistivity constant of the ink, t is the
thickness of the deposit, and | and w
are the length and width of the pat-
tern. From this, it can be seen that the
resistance of a thick film resistor is a
function of its shape, and not of its
size. For example, a resistor pattern
measuring one centimeter on each side
might have a resistance of 100 ohms
(see Figure 2A). Three such patterns
joined to form a rectangle would
behave as three series resistors and
have a value of 300 ohms (see Figure
2B). However, combining nine pat-
terns into a three-centimeter-per-side
square would produce only a larger
pattern having a 100-ohmn resistance.
That this would be the case can be
seen in Figure 3, where the nine
squares are arranged in one of the
possible equivalent configurations; by
Ohm’s law, the total resistance of
these series-parallel elements must be
100 ohms.

Generally, resistors of various val-
ues are lormed by placing the requisite
number of squares end-to-end. A resis-
tor of 80 ohms could be formed in this
way by depositing a rectangular pat-
tern equivalent to eight squares of
ten-ohm-per-square ink; a 95-ohm re-
sistor could be produced with a pat-
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Figure 2. Thick film resistors are form-
ed with special inks whose values are
specified in “ohms per square.”

tern equivalent to nine and one-half
such squares. The relationship between
a thick film resistor’s length and its
width is given by the “aspect ratio,”
which is also the number of squares in
the pattern. An aspect ratio of 10:1,
for example. would describe a rectan-
gular pattern ten times as long as it is
wide, corresponding to ten squares
placed end-to-end.

Trimming

After firing, the distribution of
valnes for any particular resistor pat-
tern is normally £10 percent, at best.
To obtain the close tolerances required
in most thick film circuits, resistors are
typically deposited and fired to only
about 70-30 percent of the desired
value and then trimmed, or selectively
altered, ta within 1 percent. Trim-
ming a thick film resistor raises its
resistance because, as the formula for
sheet resistance  indicates, inereasing
lergth in relation to width causes a
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Figure 3. The resistance of a thick film resistor is a function of shape rather than

size.

corresponding increase in resistance
(see Figure 4).

The three most common mecha-
nisms lor trimming thick film resistors
are physical abrasion, air abrasion, and
laser. The abrasive methods rely upon
wearing away portions ol the resistive
paste, either with a mechanical chip-
ping device or by using a high-pressure
air stream  to Dblow fine particles
against the pattern. Until relatively
recently, air abrasion had been the
most widespread thick film trimming
process. However, laser trimming is
rapidly gaining in popularity becanse
of its greater versatility, the cleanliness
of its operation, and the speed with
which trimming is accomplished. For
example, the abrasive process tahes
time to wear away material, leaving a
large amount of powdery residue that
must somehow be removed. The heat
applied by a laser, however, vaporizes
the ink immediately upon contact,
leaving very little residue.

There are two basic approaches to
trimming thick film resistors: para-
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T

Figure 4. The relationship of length to
width in thick filin resistors is linear,
allowing values to be easily changed by
trimming techniques.



metric and deterministic. Parametric
tritining requires that the resistors in
a circuit be trimmed until some par-
ticular function — phase, voltage, gain,
ete. — is correet; this is an active trim,
accomplished while the device is actu-
ally operating. In deterministic trim-
ming, the operation of a complete
circuit is measured and compared to a
standard; the resistor values needed to
bring the two into correspondence are
calculated and the trimming accom-
plished with the device inactive. The
two technigues can often be combined
to optimize the operation of a com-
plex circuit, as they are in a process
developed by GTE Lenkurt for pro-
ducing a high yield of active resistive-
capacitive (RC) filters for pulse code
modulation (PCM) applications. In this
process, the frequencies of interest
(bandwidth, notch and pole), and the
sistor values that would allow the
circuit to properly respond to them,
are known from design criteria. After
the complete fabricating proce
been accomplished, the response of
each circuit is determined during a test

res

ss has
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phase. The trimmable resistors are
then measured and the values necded
to produce the desired response caleu-
lated. The resistors are  then laser
trinined to these target values. After
this deterministic trimming phase, a
paramietric trim is performed on a gain
adjustment resistor to achieve the de-
sired output level.

One of the outstanding aspects of
thick film technology is its commonal-
ity with other microelectronie tech-
niques. Whether the medium is printed
cireuitry, thick film, thin film, or
monolithic integrated cireuitry, the
goals are essentially the same: redueed
space and power requirements, and
inereased reliability through miniaturi-
zation. There is no single technique
presently available that will achieve
these goals over the wide range of
activities with which the telecommuni-
cations industry is involved; rather, a
supplier of equipment and systems
must maintain proficiency in all of the
technologies in order to properly meet
the varied, and changing, demands of
the industry.

B —

BIBLIOGRAPHY
1. Agnew, | Thick Film Technology. Rochelle Park, N.J.: Hayden Book Company, Inc., 1973,
2. "Hybrid Microcuitey, Pact 1,” The Lenkurt Demodulator, Vol. 17, No. 10 (October 1908).

3. Miller, L.F. Thick Film Technology and Chip Joining. New York: Gordon and Breach,
Scienee Publishers, Ine., 1972,

LoSen, DK UA Set of Thick Film R-C Active Filtees For PCM Application,” paper in
preparation for Inteenational Symposium on Cireuits and Svstems. Dreaft: GTE Lenkurt,
Ine., February 1977,



= &

“APRIL 1977

olar

power -

For

'Léelé.eemmunicc tions

Non-polluting, inexhaustable solar energy is an extremely
attractive replacement for conventional power, but solar

conversion costs remain high.
is often the only cost-effective source of power for

communications systems.

Sunlighl bevond  the earth’s
atmosphere contains about
FHOO watts of energy per square me-
ter, but by the time the light reaches
the surface of the ecarth the energy
level has been reduced to less than 250
walls/m? by the atmosphere, clouds
and carth shadowing. Still. caleulations
indicate that the entire clectric power
the United  States
could be met by solar arrays equal to
the roof area of all the buildings in the

requirement  of

country. provided the arrays were even

30 percent  efficient  (conventional
svatems are about 35 percent effi-
cient). The teelmology required to

make solar power a major contributor
to the nation’s
rapidly, and some solar products have
already found uses in the telecommu-
nications industry.

s energy needs is evolving

8

In spite of this, solar energy

To date, the most common method
of extracting energy from sunlight has
been photovoltaic conversion (radiant

energy - producing  an  clectromotive
force) using silicon solar  cells, al-

though much work remains to be done
before solar cells can compete with
conventional power systems in all ap-
plications. Efficiencies of 18 percent

22 pereent

for silicon eells and for
gallium arsenide cells have been report-
ed and costs have been reduced by 50
pereent in the past two years. low-
ever, at 815 per peak watt, solar power
still 30-50 times as much as
power produced by conventional
The goal of the United States
Energy  Rescarch and Development
Administration  (KRDA) is 50 cents
per peak  watt by 1986, but
optimal application of current silicon

Costs

treans.,

even
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Figure I. These patterns are typical of collector grids which reduce the cell’s series
resistance. Square and rectangular cells usually have grids in finger-shaped

. patterns.

technology i= not expeeted to meet
this objective.

In rescarch and development, em-
phasis is being placed oa cost reduc-
tion and on demonstrating the reliabil-
ity of silicon arrays. Some approaches
to lowering costs involve new methods
of growing single crystals, improve-
ment in encapsulation tecliniques, au-
tomation of high-volume iafterial and
cell production, and exploring thin-
film photosensors Lo replace single-
crystal wafers. Systems have also been
developed  which  employ lenses or
mirrors to cencentrate the amount of
sunlight falling on the cell, thereby
producing thermal power which can be
converted to clectrical encrgy, or used
for heating and vooling.

Photovoltaic Conversion

A typical solar cell begins as a wafer
of silicon sliced from a single-crystal
ingot grown from pure silicon, which
is a poor conductor and requires the
addition of doping agents such as
phosphorus and boron to make it

conductive. A slice of n-type (phos-
phorus-doped) or  p-type (boron-
doped) silicon serves as the base for a
diffused or deposited layer of material
of opposite charge. At the point where
the two dissimilar materials meet, an
electrical junction (p-n or n-p) is
formed. Because the upper layer of the
cell is extremely thin, sunlight in the
form of photons can penetrate it and
progress beyond the junction. Kach
photon produces an electron and a
positive hole. Because of the electrical
field present at the junction, the elec-
trons are forced to the negative side—
and the holes to the positive side—of
the junction. When collector grids (see
Figure 1), contacts and leads are con-
nected to the base and upper layer,
and an external load connected be-
tween them, an electrie current can be
made to flow (sec Figure 2).

Cells may be connected in series to
increase the voltage or in parallel to
increase current flow. The larger the
cell’s surface area, the higher the cur-
rent will be but the photovoltage is
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The
output of a solar cell is also related to
temperature, with a decrease in temper-
ature reflected in an increase in out-
put.

Since solar cells are incapable of
storing the energy they produce, it is
common practice to m(hu]e storage
batteries as an integral part of «-a(h
pholovoltm( conversion system. The
size of the batteries is determined by
the average daily load eurrent re (juire-
ment of the system and the solar
conditions at the site where it is to be
installed.  Solar insolation  records,
which indicate the amount of ene rgy
received from the sun for periods of as
much as 40 years, provide reliable

independent of the cell’s size.

PHOTONS (LIGHT ENERGY)

DIFFUSED P-TYPE
LAYER (+)

N-TYPE SILICON
BASE (-)

Pr—
CURRENT

AAAAAA
WY

LOAD

Figure 2. Operation of a typical silicon
photodiode. Such cells can be arranged
in series/parallel circuits to obtain the
desired output.

10

information on the number of days
each year when a given arca may be
expeeted to be without sunlight. This
information helps engineers determine
battery size for each installation.

The life of a solar eell is virtually
infinite when operated under normal
conditions, except that the metal elee-
trodes are subject to corrosion and the
encapsulating material deteriorates in
adverse environments. Solar arrays are
generally expected to have an oper-
ating hife in excess of ten vears in
terrestrial installations,

Cell Structure Types

Silicon eells are produced in three
structural forms: nonrellecting, heter-
ojunction and Schottky-barrier. The
most  efficient the  nonreflecting
structure, which is characterized by a
textured upper surface that colleets a
farge percent of reflected light. The
major faults of this type of eell are low
\olluge output and a poOOr response to
short wavelengths.

18

The  heterojunction strueture em-
ploys a thin layer of semiconductor
other than silicon deposited on a
silicon  base, responds well to short
wavelengths, and is simpler to process,
making it suitable for continuous-ftow
manufacturing.  The heterojunction’s
major drawback lies in creating the
Junction itself, which is critical to the
deviee’s operation.

Heterojunction devices can be used
to ecreate tandem cells cons sting of
two p-n junctions placed back-to-back
with photovoltaic  conversion oceur-
ring in both top and bottom junetions,
Il the junctions are properly con-
nected, the conversion efficiencies add
to produce a total efficiency of as
much as 40 percent.

The Schottky-barrier silicon cell is
{formed by depositing a thin metallic
layer on slllu)n, and does not require
It

hurh -temperature proce ssmtr has



good short-wavelength response and
has the added advantage of using only
small amounts of scarce materials, but
is still experimental.

Heterojunction and  Schottky-
barrier cells both hold out the promise
of low-cost silicon cells since they
involve a deposition process rather
than diffusion, which is more compli-
cated and expensive.

Work also has been done on fabri-
cating solar cells from materials other
than silicon. For example, cadmium
sulfide (CdS) cells, consisting of a
layer of CdS deposited on a base of
plastic or glass and a coating of cu-
prous sulfide (CuS), have been pro-
duced. Thus far, these have been mark-
ed by low efficiency and plagued by
instability, but their low fabrication
costs and new configurations may
make them ceonomically viable. High-
er efficiencies have been reported for
cells made of gallium arsenide with
aluminunm-galliun-arsenide  coatings,
but these are many times more expen-
sive than silicon cells and rely on solar
concentration, which requires two-axis
tracking to keep them pointed directly
at the sun. These arrays operate at
temperatures of 100°C or more and
usually are water cooled. The water
circulating in a system that produces
one hilowatt of electrical power can be
used to produce an additional five
kilowatts of power, or it can be used
for interior space heating and cooling.

Recent  improvements in - silicon
cells include a new collector pattern
that resembles the spokes of a wheel,
which increases efficiency by reducing
the shadowing effect. This new shape
also provides better contact by using
the outside rim as a main clectrode,
and makes alignment of the photolitho-
graphic mashs easier in the manufac-
turing process. In addition, the resis-
tivity of the substrate has been re-
duced and a p+ diffusion technique on

11
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the baek produces hetter contact and
higher currents.

Another recent advance in cell tech-
nology is the use of thick film tech-
niques to apply contacts to the grids.
The thick filin process occurs at low
temperatures, so the junctions of the
cells are not damaged, and is many
times faster than vacuum deposition
techniques.

Cell Applications in
Communications

Solar  cells originally ~ de-
veloped to provide power for defense
and communications satellites, but to-
day they also power terrestrial com-
munications devices in both industrial-
ized and developing nations. For ex-
ample, in Niger, solar panels make
possible educational television by pro-
viding power to remote vitlages, and in
the United States a solar-powered rf
repeater (see Figure 3) provides tele-
phone links between isolated small
towns in the Southwest.

Other solar-powered repeaters are
in operation in New Zecaland, the
Middle East and other locations in the
1.S., but they are either conventional
heterodyne  or  baseband repeaters,
which may draw more than three
amperes of current and require a large
outlay for standby batteries in addi-
tion to large solar cell arrays. To
provide solar power to a conventional
repeater system (see Figure 4) would,
therefore, require an  expenditure
many times the amount spent for the
panels which power an rf repeater such
as GTE Lenkurt’s 700F1 (see Figure
5), whieh requires only 300 milli-
amperes.

Conventional repeaters operate in
limited temperature ranges and thus
require controlled environmental con-
ditions, usually a hut with heating and
air conditioning, which adds consider-
ably to the cost of the installation.

were
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Figure 3. In periods
of darkness, the
GTE Lenkurt 700F 1
RF  Repeater con-
sumes just four watts
of power from bat-
teries located under
the catwalk. In day-
light, the repeater is
powered by solar
cells, which also re-
charge the batteries.

Expensive housing is unnccessary for
the 700F1, which operates over a
temperature  range  of —40°F to
+140°F and has all its active compo-
nents mounted in a weatherprool met-
al box. Since the 700F1 uses a mini-
mum of components, it is more reli-
able than conventional repeaters; in
addition, the entire system is 100
percent actively redundant.

Another type of repeater which
may soon be powered by solar cnergy
is the line repeater used to regencrate
the signal in PCM cable systems. Pres-

12
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ently, such repeaters are generally
powered from de sources in the tele-
phone company office over one of the
pairs of wire in the cable, thus re-
ducing the cable’s information carry-
ing capacity. Small solar arrays cou-
pled to rechargeable batteries at each
repeater site could provide the neces-
sary power for the repeater and thus
free the cable pair for the transmission
of information: as the channel capaci-
ty of PCM systems increases, this
could represent a significant expansion
of facilities.
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Figure . A typical microwave repeater facility including hot-standby protection.
Such repeater sites require power for every active element, as well as backup
batteries to provide service during power oulages.

Although experimental fiber oplic
transmission systenms require regenera-
tion only every seven kilometers (4.2
miles), and their greatest application is
expected to be in dense metropolitan
areas where regeneration will not be
required  between offices, solar-
powered repeaters offer the possibility
of extending such systems over great
distances. Current technology requires
the use of a pair of copper wires laid
parallel to the optical cable but, like
PCM cable system repeaters, solar pan-
els may prove to be economically
feasible in the near future.

Another communications link that
may soon depend on solar energy is
the ground station of a domestic satel-
lite system, although the power re-
quirement is considerably greater than

13

for microwave and eable repeater sites.
To date, a 900-square-foot solar array
has been developed that produces over
three kilowatts of electrical power,
and an experimental array using Fres-
nel lenses as concentrators produces
one kilowatt of power from slightly
over one square foot of collector
surface. Therefore, unduly large collee-
tor panels would not be required to
meet the normal power needs of a
ground station. Other solar panels,
some as small as 3.25 inches syuare,
provide power for other kinds of
devices.

Other Cell Applications
Solar-powered navigation  aids,

many on oil drilling platformns, are in

operation in various harbors and gulfs
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Figure 5. Simplicity of design and the elimination of the frequency conversion
process permils the GTE Lenkurt 700F1 RF Repeater to operate on less than
four iwatts of power. Storage batteries provide 10-dav backup capability for

periods of prolonged darkness.

around the world and off the coasts of
Scotland and Venezucela as well.

Solar panels also  drive irrigation
pumps with a capacity of 2,700 liters
per hour. Such applications are ex-
pected 1o increase, since these pumps
do not lower the water table as rapidly
as gasoline-driven pumps.

Other solar panels provide power
for emergency  lighting  systems on
public transportation vehicles, for au-
topitot  systems on vachts, and (or
charging batteries ol many types, in-
cluding these on boats, in eleetronic
watches, radios and calculators.

Railroads have turned to solar ener-
gv to power the warning lights, hells

11

andd sufety gates al remote crossings,
andd a company which manufactures
waler meters uses solar eells to power
the outdoor hisplay of a meter located
indoors. Many other such uses will
develop as solar cnergy eosts are re-
dueed through improved technology.

Future Applications

Large purchases of solar cells by
Federal Goverminent agencies such as
the Department of Defense and the
‘nergy Research and Development
\dmimstration help to drive down the
per unit cost, and thus permit a wider
range of applications. Immediate possi-
bilities inclade VHEF/UHF repeaters,



environmental and pollution monitors,
tralfic and securily systems, paging
systems and  television translators.
Also, railroads can be expected to
expand their use of solar energy to
power track warning lights, hot box
detectors and caboose radios.

Oil companies are expected o be
interested in an experimental solar-
powered hydrogen-sulfide detector 1o
protect their oil field workers. When
operational, the system would include
a central control box monitoring four
sensors placed around an oil well and
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capable of shutling down operations if
it sensed the poisonous gas. Pipeline
companies may soon use electrical
power from photovoltaic cells to pro-
vide cathodic protection to their un-
derground pipelines.

Experienee gained from these appli-
cations will surely lead to an even
broader range of uses. Likewise, im-
provements in efficiency and lower
cell costs will stimulate further substi-
tution ol solar energy for conventional
power in telecommunications appli-
cations.
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GTE Lenkurt’s New 36A2...

... aradio multiplex system especially
for thin-route applications.

With each channel unit a complete transmit/receive facility in itself, the
36A2 permits the direct-to-line insertion of from 1 to 614 channels
anywhere within the frequency spectrum of 4 kHz to 2540 kHz, and
eliminates the need for common, group, supergroup or translation
equipment.

For more details, write GTE Lenkurt, Dept. C134.
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VIDEO, VOICE & DATA
TRANSMISSION SYSTEMS

The GTE Lenkurt Demodulator is circulated bimonthly to selected technicians, engineers and
managers employed by companies or government agencies who use and operate communica-
tions systems, and to educational institutions, Permission to reprint granted pn request,
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