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R ecent advances in wideband components for use in 
optical fiber systems have been very impressive. Laser 

diodes have shown 3 dB modulation band-
widths near 20 GHz at room temperature1 , 2 and external 
modulators with similar high-frequency performance have 
been reported.3 Bandwidths as high as 100 G H z have been 
achieved in semiconductor photodiodes.4 Performance of 
these components at such high frequencies opens a new 
realm of possibilities for the use of optics in military sys
tems. These include not only signal transmission over opti
cal fibers, but also signal generation, signal processing, 
and optical control of microwave devices. Coverage span
ning the 0-18 G H z range, where most radar and electron
ic warfare (EW) systems operate, is now possible. Some of 
these techniques can also be applied in the millimeter wave 
frequency range (> 30 GHz), which is receiving increased 
emphasis for military applications. This article discusses 
some generic radar and E W applications for multigiga
hertz technology, and gives several examples of how opti
cal techniques might be used to advantage in such systems. 

Radar and electronic warfare system needs 
Most radar systems operate at modest bandwidths (e.g., 

10 MHz) , so that the signal processing does not require 
gigahertz technology. However, there is a strong interest 
in using fiber optics for transmitting baseband microwave 
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signals and local oscillator waveforms in radar systems. 
With a trend in recent years toward the use of phased ar
ray radars for their superior detection and tracking perfor
mance, it is hoped that fiber signal transmission can re
duce the cost of controlling the frequency, and phase of the 
transmitting elements and of processing the return signals. 
Interest in phased-array systems extends throughout the 
0-18 G H z frequency range and into the millimeter-wave 
regime. 

Some radar systems that do employ high bandwidths 
use chirps, pseudorandom digital sequences, or frequency 
hopping pulses as the signal waveforms. Broadband ra-

FIGURE 1. Limitations on bandwidth and time delay for 
optical and acoustic delay lines. 
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FIGURE 2. Reflectively tapped fiber optic delay line sig
nal processor—experimental arrangement. 

dars provide high spatial resolution and immunity from 
jamming. Present signal generation and processing tech
nology limits the bandwidths of such systems to a few 
hundred megahertz. 

Electronic warfare systems are designed to make use of 
the electromagnetic spectrum to gain advantage against an 
enemy. Passive E W is concerned with detecting and ana
lyzing the enemy's emissions to determine the nature of 
the threats and their locations and velocities. Active E W 
seeks to defeat the enemy's radars by jamming or by gen
erating false radar returns. 

Bandwidth is at a premium in signal processing EW. A 
typical scenario for defense of an aircraft carrier task 
force, for example, might have a large number of threats 
coming from different directions and broadcasting in dif
ferent frequency regimes. In such a case, the signal proces
sor must be able to handle very high input bandwidths. 

Spectrum analysis has been a mainstay of E W systems 
for signal sorting, but is less useful against some of the 
more modern broadband radars. There is currently inter
est in techniques for storing wideband radar signals and 
broadcasting them back to the transmitter after a delay to 
generate false targets. Both analog and digital storage 
techniques are explored for this application. 

Optical fiber applications 
Optical fibers provide an attractive alternative to metal

lic waveguides for signal transmission in many microwave 
systems. The fibers are small, flexible, relatively inexpen
sive, and have enormous information capacity. For exam
ple, a single mode fiber with a source wavelength near the 
dispersion minimum can carry a signal with a 20 G H z 
bandwidth for distances up to 50 km. The fibers can also 
be used in signal processing systems for the delay and stor
age of wideband signals, providing time-bandwidth prod
ucts in excess of 10 6 vs 10 3 —10 4 for conventional acous
tic-wave delay lines, as illustrated in Fig. 1. 

FIGURE 3. Reflectively tapped fiber optic delay line sig
nal (a) Impulse response of 20-tap filter, (b) Frequency 
response of filter in (a), and (c) Generation of pseudo
random sequence with 11-tap filter. 
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The signal processor for a noncoherent radar moving 
target indicator is an application in which a wideband sig
nal is stored for a long time period. The return signal from 
a pulsed radar is stored for a time of the order of 1 msec 
and subtracted from the next return.5 In an experiment 
directed toward realization of such a processor, a 2 nsec 
pulse was stored for 0.5 msec by recirculating five times 
through an analog repeater and 20 km of single mode fi
ber.6 In EW, the signal from an enemy's radar can be 
stored in a long fiber and rebroadcast toward the trans
mitter to make the enemy think that the return is from a 
target much farther away than is actually the case. 

The tapped delay line signal processor, or transversal 
filter, can be designed for use as a bandpass or matched 
filter or as a waveform generator. Several fiber optic ver
sions of the transversal filter have been demonstrated.7 Re
cently, dielectric mirrors in continuous length of fiber have 
been used to demonstrate reflectively tapped delay line 
processors,8 as illustrated in Fig. 2 and 3. Pulse compres
sion filters for high-resolution radars and matched filters 
for signal sorting in E W are two of the many potential 
applications for reflectively tapped fiber delay lines. If a 
way is found to make the tap weights programmable, a 
truly versatile signal processing technology wil l have 
emerged. 

A different type of fiber optic filter can be used for direc
tion finding in radio-frequency or microwave systems.9 In 
that case, signals from an array of antennas are transmit
ted optically over fibers to a single photodetector. With 
appropriate choice of fiber lengths, the photodetector sig
nal amplitude is a function of the angle of arrival of the 
incoming wavefront. 

Generation and control of microwave signals 
Several optical techniques for the generation of micro

wave signals have been investigated. 
One method involves the excitation of a photoconductive 

stripline gap with picosecond optical pulses. 1 0 , 1 1 A 
second uses illumination of a microwave p-i-n diode in a 
resonant circuit with the light from a directly modulated 
semiconductor laser. 1 2 In that case, a signal at the third 
harmonic of the laser modulation was obtained at 10.2 
GHz. A third technique uses injection locking to sidebands 
of a modulated master laser. Two different slave lasers1 3 or 
two different longitudinal modes of a single slave laser 1 4 

are locked to different sidebands of the master laser. As 
illustrated in Fig. 4, a signal at 35 G H z with a spectral 
width of less than 10 Hz was obtained. 1 4 

The frequency and phase of a microwave oscillator can 
be controlled by injection locking with a modulated opti
cal carrier. Numerous demonstrations of this have been 

Optical techniques are reaching the 
point of utility in military radar and 

electronic warfare systems operating in 
the multi-gigahertz regime. 

FIGURE 4. Millimeter-wave signal generation with an in
jection-locked laser diode. 
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carried out at frequencies as high as 10 G H z , 1 2 , 1 5 , 1 6 and 
recently frequency tuning of a 91 G H z IMPATT oscillator 
using cw light has been reported. 1 7 For FET oscillators, the 
light can be directly coupled into the gate region of the 
active device. However, for IMPATT oscillators, obtaining 
optical access to the active region generally requires a re
design of the package. One of the attractive features of 
direct optical locking is that it makes possible the use of 
fibers to transmit local oscillator signals to remotely locat
ed elements in phased-array radars and direction-finding 
systems without the need for separate optical receivers. 
Monolithic antennas with optically injected control sig
nals can be envisioned. 

Other applications 

Some other uses of optics in microwave systems should 
also be mentioned. Bulk acousto-optic spectrum analyzers 
based on Bragg diffraction of a light beam are capable of 
processing analog signals with gigahertz bandwidths. 1 8 , 1 9 

Analog-to-digital conversion of wideband signals using 
the electro-optic effect in an optical waveguide device has 
been achieved.2 0 Phase-shifters for microwave sources can 
be made by illuminating a photosensitive dielectric wave
guide with a cw light beam. 2 1 

Optical techniques are reaching the point of utility in 
military radar and electronic warfare systems operating in 
the multigigahertz regime. Transmission, generation, con
trol, and processing of signals in 0-18 G H z and 35 G H z 
frequency ranges are possible using present technology. 
Expansion of research in this field appears certain, with 
emphasis on establishing the systems utility of some of 
these techniques and extending them to other spectral re
gions of interest (e.g., 60 and 94 GHz). 
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