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THE APPLICATION OF FIBER OPTICS TO ARMY
COMMUNICATIONS

LARRY U. DWORKIN
LOUIS A. CORYELL

ROBERT E. DRAGOO
USAECOM,

Fort Monmouth, N.J.

Summary.   We will examine a broad class of army communications applications for
optical waveguides. Of principal interest is the multimode low-loss fiber. The applications
receiving primary attention are (a) a long haul time division cable (TDM) system, (b) local
distribution cable used to connect telephone users to central switches within a command
post. A cost trade-off analysis reveals a cost saving up to $3K/km of a fiber optic TDM
cable system over a conventional metallic cable system now in the army inventory. A
review of a feasibility model design that employs a low-loss ruggedized Corning fiber
cable, with special sources and detectors designed for ECOM application, is conducted.
The resulting cable facilities appear fully capable of meeting all aspects of army cabling
requirements and possesses all of the traditional advantages of fiber optic transmission
system.

Introduction.   A broad class of army communications applications are contemplated for
multimode optical waveguides. We will initially review the most attractive of these
application areas. The cable configurations required vary widely as do the mechanical,
electrical and optical properties required. Data rates from 32 kb/s to 25 Mb/s must be
handled and transmitted over lengths from approximately 100 meters up to 8 km (without
repeaters) in tactical ground communication applications. The principal portion of this
paper deals with two types of fiber optic cable system currently being fabricated at
ECOM:

1. A replacement for long haul time division multiplex coax, (CX-11230 cable).
2. An alternate to 26 pair cable (CX-4566 cable) used in local distribution telephone and

data system within army command posts.

The issues discussed included limitations of the current cable facilities, a cost trade-off
analysis of current metallic and proposed fiber optic cable system, fiber optic systems
design, special sources and detectors, connectors and cable hardware used in fabricating
these system and finally proposed system tests.



Discussion.   The potential application of multimode fiber optic waveguide to army
communications systems is extensive. Table I contains a listing of the application areas
along with the typical expected length of links. Data rates and signal formats also vary
widely. The transmission of analog voice, digitized voice and various multiplexed versions
of these signals are contemplated. In sections to follow, we will principally treat two
applications: (a) a long haul TDM trunk capable of transmitting digital data at rates of from
2 Mb/s to 20 Mb/s at ranges up to 8 km (without repeaters) and also 2 Mb/s at ranges of
up to 64 km with repeaters. (b) a local distribution system capable of transmitting a
mixture of 4 kHz voice and 32 kb/s CVSD voice over ranges up to 300m+. The
nomenclature of these cables currently employed in the field are CX-11230 twin coax and
CX-4566 26 pair respectively. Their function in a command post communication
distribution system is shown diagramatically in Figure 1.

Table 1.  Summary of Army Applications for Fiber Optics

Short Distance
100m

Moderate Distance
100m - 1km

Long Distance
1km+

1) Intra-shelter wiring.
2) Avionics data bus.
3) Antenna connection.
4) Base information trans-
    fer system.

1) Command post distri-
     bution.
2) Special weapons sys-
     tem (CE SAM-D).
3) Field computer inter-
    connect.
4) Base information transfer 
     system.

1) Down hill PCM
    cable.
2) 60 km PCM cable
     runs.
3) Base information
    transfer system.

Due to a number of operational deficiencies in the current systems employing metallic
cable, fiber optic cable appears to be an attractive alternative. Of crucial importance is the
fiber cables resistance to EMP effects, the ability to reduce adjacent channel crosstalk
below -95 dBm, reduction in weight and volume/unit bandwidth over metallic cable and
finally the reduced number of repeaters required on long haul trunking links.

In spite of these advantages, the potential cost of fiber cable must be approximately equal
to or less than existing cable facilities. A treatment of the relative cost of CX-11230 and
CX-4566 and its fiber cable replacement are discussed in the next section.

The principal areas of difficulty associated with fiber cable have been its survivability in a
tactical environment and special interface problems created by the fiber cable systems
inability to efficiently transmit dc power. Extensive progress has been made in connection
with the first of these problems.(1) The powering of remotely located terminals and electro-



optic elements remains a problem and will be treated differently depending on the
application. A full discussion of this problem is not treated here.

Cost Trade-Off Analysis.   The costs of the two types of cable shown in Figure 1 and
their fiber optic replacement are now considered. The current cost of CX-11230 is $.909
per meter, while the cost of a low loss six fiber optical cable is approximately $13.50 per
meter. Low loss optical cable is predicted to eventually cost less than $.10 per meter per
fiber in production quantities, and approximately $1.20 per meter in a six fiber cable.

For the long haul TDM system (2.304 Mb/s) presently in the army inventory, repeaters are
required every 1.6 kilometers (km) at a current cost of $750.00 each. A comparative
costing of CX-11230 versus fiber cable (including repeaters) is shown in Figure 2. The
fiber cable can handle this system and systems under development with higher data rates at
distances up to 8 km without repeaters.

A cost comparison of replacing CX-4566 with fiber cable is shown in Figure 3. Frequency
multiplexing is used to accommodate all thirteen channels onto three fibers (each
direction). Two cost estimates are shown for the necessary electro-optic interface/modem
in Figure 3.

Cost savings associated with decreased weight and volume are not shown in Figures 2 and
3. A 64 km system that uses CX-11230 weighs 8636 kilograms (kg) and requires four
2 1/2 ton trucks for transport. The same 64 km system using fiber cable would weigh
approximately 1815 kg and require only two 1 1/4 ton trucks for transport. For CX-4566
each 72.8m reel of cable weighs 131.5 kg, while the fiber cable replacement will weigh
less than 5 kg, including the reel. This reduction in weight, for example, could mean
replacing three 2 1/2 ton trucks of CX-4566 with a 1/4 ton trailer.

Replacement of CX-11230 by a fiber cable is, therefore, highly desirable from a cost stand
point alone, in addition to the savings in weight and volume. Replacement of CX-4566 by
a fiber optic cable is cost effective for cable runs greater than 75m, based on a lower
priced electro-optic interface/modem. For a well dispersed field headquarters complex, the
fiber optic cable becomes highly desirable in terms of both cost and transportation
requirements. Fiber cable offers multiple advantages over conventional cabling, and from a
cost analysis viewpoint is superior to wire cabling currently in the army inventory.

System Description.   Replacement of CX-11230 and cx-4566 with fiber optic cable is
subject to several constraints imposed by user requirements. The fiber cable must survive
in a tactical environment. Also, an analog voice orderwire must be handled over the long
haul TDM system and powering, now accomplished by a dc current on the line, must be
solved for repeaters and terminal instruments.



The ruggedized cable design employed to replace both CX-11230 and CX-4566 is shown
in Figure 4. Six individual fibers are buffered, and the buffered fibers are sheathed in a
polyurethane jacket. Strength of the cable is supplied by two strands of Kevlar, molded
into the polyurethane jacket.

Connector design for joining of two optical cable segments poses several difficulties.
Alignment of two fiber ends 50-75 micrometers in diameter for optical path continuity is a
requirement. The connector must also be useable in a field environment. Simplicity of
operation is an important consideration, to facilitate rapid setup/tear down of field
command post communication complexes. A laboratory version of a connector has been
proposed by Corning Glass Works, which meets several of the desired objectives and is
illustrated in Figure 5. Refinement of the design to achieve ruggedization is required.

Repeatering of the long haul TDM system is required for distances greater than 8 km.
Three approaches to powering these repeaters were considered: (a) reinsertion of metallic
conductors into the cable (considered the least attractive approach), (b) battery powering
of each repeater, and (c) local powering, or use of a separate power line. Methods (b) and
(c) appear more attractive and their feasibility is currently being considered.

Orderwire transmission over an optical cable may be accomplished by several methods.
Since we are dealing with a TDM system, incorporating a pulse data stream, modulating
the pulse repetition rate appears to be the most promising modulation method due to the
low duty cycle pulsed nature of the optical sources. One user constraint on the orderwire is
that it be available at each repeater for cable maintenance. Use of an audio tracking phase
locked loop provides a simple, effective means of accessing the orderwire applied by
means of timing variation.

The source of optical power for the long haul TDM system is a double heterostructure
(DH), triple stripe geometry, injection laser (IL) operating at a nominal wavelength of 820
nanometers (nm), and a 10% duty cycle. Use of an injection laser will permit coupling a
maximum of 100 milliwatts of optical power into a low numerical aperature (NA = .14)
fiber. Use of a triple stripe geometry IL appears to be one good solution to coupling to
three members of the six fiber optical cable.

Detection of the optical energy in the fiber cable will use an avalanche photodiode (APD),
followed by a transimpedance amplifier. The APD and amplifier is contained in one
integrated circuit package, but requires external gain stabilization. Use of this detection
scheme permits a low power consumpiton and more than ample receiver bandwidth.

We will now review the elements of a local distribution fiber optic cable. Design
differences between the long haul TDM and local distribution systems are centered chiefly



around the range and type of traffic they pass. The maximum length of CX-4566 cable is
approximately 300m. A Light Emitting Diode (LED) source offers the advantages of low
power consumption, good linearity, simple drive circuitry, and can couple sufficient optical
power into a fiber to be used over a 300m+ length. Both analog and digital traffic can be
accommodated. Use of a “Burrus” structure LED combined with a microlens
structure,(2), (3) as diagramatically illustrated in Figure 6, permits the coupling of 1 mW of
power into a .3 N.A. fiber.

The detection scheme for the local distribution cable utilizes a PIN diode, since low data
rates are in use and the S/N is high. The detector package, also illustrated in Figure 6, uses
a transimpedance amplifier, integrally packaged with the PIN diode, which requires no
external gain stabilization. Low power consumption, good sensitivity and a low voltage
power supply are all readily achieved here.

In conclusion, the replacement of CX-11230 and CX-4566 can be achieved by a six fiber
optical cable with appropriate electro-optic elements. Except for power handling
capability, the fiber cable is a superior replacement to current army cable in terms of
weight and volume, and is capable of meeting all user requirements.

Feasibility Models.   We are currently fabricating two fiber optic cable systems at ECOM
to determine their feasibility for the replacement of CX-11230 TDM dual coaxial cable
and CX-4566 26-pair local distribution cable.

The TDM system is designed to operate at a PCM bit rate of 2.304 Mb/s and utilize two
full duplex end terminals and one full duplex repeater. Eight members of the 26-pair cable
system are realized using four FM subcarriers modulated by either 32 kb/s conditioned
diphase or 4 kHz analog voice, and consists of two, four channel full duplex end terminals.

Due to the high cost of current low loss fiber optic cables, both systems are designed to
make use of the same 334 meter cable section with the TDM system also utilizing a 200
meter cable as well (Figure 7). To obtain a 1 km fiber optic path for the PCM cable system
from the 6 fiber 334m cable, the signal is optically looped back at each end of the cable
thru the use of special end connectors of the type shown in Figure 5. Thus, use is made of
all of the available fibers in the 334m cable. The repeatered signal can be sent down the
200m cable in a single pass (no loop back), or 600m with loop back. The 26-pair system
utilizes a single pass down the 334m cable. Changing the end connectors with attached
sources and detectors is all that is required for the conversion.

Both the TDM and 26-pair systems utilize an integral lens Burrus type LED(3) and small
area fully depleted PIN photodiode. No laser sources or avalanche photodetectors are
necessary due to the short (1 km max) distances involved. With a source power of 200µW



coupled into the 334m of .14 NA optical fiber and accounting for 1 dB loss at input and
output connectors, 6 dB loss at each loop connector (due to dissimilar fibers being
connected) and 1 dB loss at the detector interface, approximately 400nW of signal is
available at the detector. The minimum detectable signal for the PIN detector/bipolar
transimpedance amplifier combination utilized is 5x10-9W yielding a S/N of 19 dB. Similar
analysis of the 200 meter and 334 meter single pass links assuming 5 dB loss at each end
connector and 1 dB loss at the detector yields S/N ratios of 32 dB and 31 dB respectively.
Due to these large S/N ratios obtainable with standard bipolar transimpedance amplifiers,
no integrating front end amplidiers, for the feasibility model design were necessary.

When the TDM system is expanded to a full 8 km link between repeaters, as will be the
case in the next phase of the system development, full use will be made of double
heterojunction laser diodes, avalanche photodetectors and integrating preamplifiers. This is
necessary due to the increased losses incurred and corresponding drop in the signal to
noise ratio. A complete treatment of input amplifiers for optical receivers is contained in
reference (4).

The electronics involved in the TDM system other than the electro/optical conversion
portion, is essentially the same as in a standard TDM metallic cable system and will not be
covered here (5) with the exception of the orderwire. The input signal from the TDM
multiplex equipment to the system is a 2.304 Mb/s PCM bipolar data stream with a
baseband orderwire. These signals are first band split, then filtered to remove timing in a
phase locked loop, and finally narrowband frequency modulated by the amplitude limited
orderwire signal (see Figure 8a). This dithered timing signal then re-times the PCM signal,
which is transmitted on the optical fiber. In the repeater, (Figure 8b), the same phase
locked loop which derives timing for signal regeneration provides an orderwire output. An
orderwire input is also provided in the repeater. In the end terminal (Figure 8b), the
orderwire is derived in the same type of phase locked loop utilized in the repeater. A stable
clock signal with no orderwire dither is derived in a second phase locked loop. This stable
timing signal is used to re-time the PCM signal and with addition of the orderwire at
baseband, the signal is delivered to the multiplex equipment. The modulation index of the
dithered timing is kept less than B/2 to avoid missing pulses due to timing error.

The multiplexing electronics for the 26-pair system (Figure 9), is not comlicated. The four
input signals, be they 4 kHz analog or 32 kb/s conditioned diphase, are amplitude limited
and used to frequency modulate the voltage controlled oscillators. The outputs of these
oscillators are combined, filtered and routed to the LED driver circuitry. Subcarrier
frequencies are chosen such that if harmonic or intermodulation distortion products are
produced in the optical system due to non-linearity, they will normally fall outside the
receiver filter bandpass. Second harmonic distortion is approximately 60 dB. The
composite signal out of the optical receiver is filtered and fed to four phase locked loops



which decode the signals. They are then amplified and routed to the output connectors.
Thus, four full duplex FDM channels are realized. This can readily be extended to twelve+

channels using three separate fiber links or by stacking additional FDM channels. Both
alternatives are currently being considered.

Proposed System Tests.   Each of the feasibility models of the system described in the
previous section will be tested to determine their ultimate applicability to military
applications. For the CX-11230 replacement the following factors are of interest: (a) pulse
dispersion, (b) the effects of orderwire insertion on system performance, (c) repeater
power consumption, (d) interface match-up with existing cable modems and multiplexers,
(e) fault location using pulse excursion time to and from a break, (f) error rate
measurements and (g) near end crosstalk. For the CX-4566 fiber cable replacement
somewhat different parameters are of interest. These include: (a) system linearity, (b)
intermodulation noise and (c) connector crosstalk. Also the items (d), (e), (f) and (g) for
the CX-11230 cable. Feasibility and desired system performance in a laboratory
environment are of interest.

Conclusion.   The advantages of fiber optic cable systems over those currently in the army
inventory has been clearly established. These not only include a cost saving but freedom
from effects of EMP. crosstalk, and significant reduction in weight and volume. A system
capable of handling both digital traffic up to 20 Mb/s at ranges of 8 km and analog traffic
with 60 dB second harmonic distortion has been fabricated. Future efforts will involve
ruggedization of a laboratory design connector and production of engineering design
models.
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