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Abstract
This paper focuses on microwave photonics and its applications in 
electronic warfare. More than 20 years ago, the term microwave 
photonics was used for the first time to describe the study of high-
speed photonic devices operating at microwave or millimeter-
wave frequencies and their use in microwave or photonic system 
applications. Microwave photonics is the interface between 
microwaves, ultrafast electronics, and photonic technologies. It 
is thus addressing an obvious technology gap between photonics 
and laser techniques aiming at lower frequencies, compared to 
Masers and high-speed electronics, where wave propagation 
effects have to be included when going to higher frequencies. 
Today, microwave photonics is significantly more application 
and system oriented where typical investigations include, for 
example, high-speed and microwave signal generation, processing, 
and conversion as well as the distribution and transmission of 
microwave signals via broadband optical links. Since the early 
pioneering experiments, this field of microwave photonics has 
paved the way for an enabling novel technology with a number 
of commercially important applications. Microwave photonics 
technology, as applied to Electronic Warfare (EW) systems, 
involves the modulation of broadband Radio Frequency (RF) 
signals onto an optical carrier for transmission through fiber optic 
links or other guided wave optical devices for signal processing. 
The optical signals are usually converted back to electrical signals 
for further processing either in the analogue or digital domains.
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I. Introduction
Microwave photonics has advanced greatly as a result of 
breakthroughs on many fronts. Breakthroughs in fiber amplifiers, 
sources and receivers have all resulted in greatly increased system 
performance, and significant evolution of microwave photonic 
networks has occurred. These elements will be discussed done 
one by one. The recent explosive growth in communications has 
been brought about by wired (fiber optic) and microwave (radio-
wave) communications technologies. These two technologies 
have started to merge to create a new interdisciplinary area called 
Microwave Photonics (MWP). In addition, viewing the electro-
magnetic spectrum with wavelengths progressively decreasing to 
the millimeter and sub millimeter-wave bands on the radio-wave 
side and wavelengths progressively increasing to the infrared 
region on the light-wave side, we see that there is a large gap 
in utilization on the boundary between radio waves and light 
waves, i.e., the frequency band between 100 GHz and 10 THz. 
This untapped region represents a major resource for humankind 
in the 21st century [5].

Fig. 1: Range of MWP Technology [5]

Fig. 2: Definition of MWP Technology [5]

II. Devices for Microwave Photonics
The optical (O) signal, whose intensity is modulated at microwave 
(MW) and/or millimeter-wave (MMW) frequencies, is generated 
by the optical MW/MMW signal source, and is delivered through 
optical fiber cables, and converted to the electrical (E) signal 
by a high-frequency O-E converter such as a photodiode. The 
converted signal is followed by a power amplifier and/or a 
frequency multiplier, and is finally radiated into free space by an 
antenna. The antenna unit can be separated and remotely controlled 
by optical fiber cables.

Fig. 3: Photonically - Assisted MW/MMW Transmitter [5]
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A. Sources
The basic microchip laser configuration is depicted in figure below, 
where two identical optical cavities are formed by depositing 
dielectric mirrors on opposite ends of a single 8-12 Nd:YVO4/
MgO:LiNbO3 crystal assembly [4]. The two side-by-side lasers are 
pumped by an 808nm high power laser diode source. Electrodes 
are deposited on the top and the bottom of the 1.2 mm MgO: 
LiNbO3 tuning section. The outputs of the two lasers are combined, 
coupled into a single mode fiber and transmitted to a high-speed 
optical detector. By applying an electrical field to one of the lasers, 
its refractive index is modulated, which modulates its lasing 
wavelength resulting at a millimeter wave signal. The monolithic 
configuration gives the device simplicity, compactness, stability, 
and reduced sensitivity to external temperature fluctuations. 

Fig. 4: Tunable Microchip Lasers and Transmitter Mounted on 
a Brass Fixture [4].

B. Amplifiers
Erbium doped fiber amplifiers allows the transmission of 
microwave signals over extremely long distances and allows for 
the broadcasting of microwave signals to many users or to many 
elements of an array [2]. The advantages of erbium amplifiers are 
obvious, lower link loss and improved dynamic range. 
 Coax has less loss for short distances due to the typically 30 
dB conversion loss of fiber optics. This has limited the use of 
fiber optics in many radar systems, unless weight or size is an 
important concern. 

C. Receivers
Significant advances in photo detectors and receivers have occurred 
over recent years. Resonant cavity PINS and APDs have allowed 
high speed and high responsivity, as well as wavelength selectivity, 
which can be useful in WDM systems [2]. Analog systems may 
make use of wavelength selective receivers for discrimination 
of broadcast signals. Waveguide PINS have also achieved high 
speed and high responsivity, and are ideal for integration with 
other optical components such as sources, amplifiers and splitters. 
Traveling wave photo detectors have the same advantages, plus 
they can have even higher bandwidths. Avalanche photo detectors 
have not been widely used in microwave photonics in spite of 
the fact that they provide a relatively inexpensive way to get 
gains of 10 to 30 dB. The primary reason has been the limited 
gain bandwidth product. Recent developments may change this 
picture completely, and result in the widespread use of APDs in 
microwave photonic systems. Existing communication APDs use 
InP for the multiplication layer. 

III. Microwave Photonics in Electronic Warfare
Microwave photonics technology, as applied to Electronic Warfare 
(EW) systems, involves the modulation of broadband Radio 
Frequency (RF) signals onto an optical carrier for transmission 
through fibre optic links or other guided wave optical devices for 
signal processing. The optical signals are usually converted back 
to electrical signals for further processing either in the analogue 
or digital domains.

A. Microwave Photonic Links
Microwave Photonic Links (MPLs) represent the simplest and 
most intuitive application of microwave hotonics technology to 
EW systems.

Fig. 5: Block Diagram of Simple MPL [1]

A MPL works by the amplitude modulation of Broadband RF 
energy onto an optical carrier at the source or transmission over 
distance through single mode fibre optic cable. At the terminal 
point the modulated optical carrier is incident on a photodetector 
(usually a photodiode) to restore the modulating signal into an 
electrical signal for subsequent processing. Photonic links are 
deployed extensively in telecommunications for digital signal 
transmission, however most EW applications require an analog 
signal to be retransmitted. Photonic links can be either internally 
modulated, with the modulating RF signal driving the laser current, 
or externally modulated (as shown in figure above) .The modulating 
signal driving an interferometric device to achieve the modulation. 
The broadband frequency performance required of MPLs for EW 
systems generally mandates the use of external modulation through 
Mach- Zehnder modulators fabricated on a Lithium Niobate 
substrate. The input-output characteristic of these devices drifts 
over a short timeframe. As such they require a closed loop control 
system, known as a Modulator Bias Controller (MBC), to maintain 



IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  55

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

the modulator characteristic at an optimum point for dynamic 
range. Photonic link systems rely heavily on the development of 
components within the telecommunications industry, and many of 
the components used in 40Gb/s data transmission can also be used 
for 40GHz analog links. Transmission can also be used for 40GHz 
analogue links. This allows defense to benefit from the economies 
of scale and fast pace of technology development that characterizes 
the telecommunications industry. However the downfall is that 
highly ruggedized components and devices specific to analogue 
transmission are not always readily available. 

B. MPL Modeling
The deployment of microwave photonic links for analog signal 
transmission requires the links to be characterized in the same way 
as any active microwave component. BAE Systems has therefore 
developed models that allow the parameters of a collection of 
constituent components to be converted to link gain, noise figure, 
1dB compression point, third order intercept point and others. 
This view of microwave photonic links has greatly simplified 
their application to target systems. Table 1 shows the component 
parameters of a typical state of the art photonic link, along with 
the corresponding system RF parameters.

Table 1 : Typical Component Parameters and MPL Link 
Performance [1]

It can be seen that the RF insertion loss and noise fig. of the 
“raw” photonic link appear to be quite high. However RF 
amplification at the input provides quite reasonable figures for 
signal transmission.

C. MPL in Electronic Warfare Receivers
There are significant system level advantages to allowing broadband 
signal transmission over long distances. Many EW receiver systems 
use a long baseline technique for direction finding. By placing 
antennae at locations that are far apart, the angle of arrival of an 
incoming signal can be determined by measuring the time or phase 
shift between each antenna. Photonic links allow longer antenna 
separation for platforms that can support it, which provides greater 
direction finding accuracy over broader bandwidths.

Fig. 6: Hypothetical example of a large aircraft with antenna 
placement optimised for direction finding. Signal processing 
is performed by a centrally located receiver. The coloured arcs 
indicated the approximate field of view of each antenna group.
[1]

Fig. 6 shows a typical configuration of a large aircraft with 
antenna sensors located at the extremities of the airframe to 
provide good long-baseline antenna coverage as shown. Photonic 
links will allow broadband signals to be transmitted from these 
remote locations to a powerful inboard receiver subsystem for 
processing and analysis. Apart from amplification and modulation, 
no processing is required to be applied to the received signals 
at the remote locations. Photonic links therefore allow the EW 
system designer the flexibility to freely distribute the full received 
signal bandwidth over any distance around a platform. This allows 
a given system to be installed on platforms of different sizes or 
requiring different antenna locations. Traditionally such problems 
have been overcome by applying some signal processing such 
as video detection or down conversion at the remote antenna 
location. With a MPL the equipment at the remote location is 
much less complex, usually consisting of an RF amplifier (which 
is probably there in a coaxial system anyway), and a small electro-
optical modulator. The laser, modulator bias control and power 
signals can be distributed from the inboard subsystem. All this 
results in reduced size, weight and power consumption at the 
remote locations. Single mode fiber is also available in jacketed 
bundles, resulting in a smaller diameter wiring loom compared 
with relatively thick coax.

D. Photonic Signal Processing
An extension of the use of photonics for signal transmission 
has lead to the development of photonic signal processing. In a 
conventional MPL the modulated optical carrier is incident on a 
photo detector at the output to convert the signal back to electronic 
representation for subsequent processing. Doing this limits the 
processing that can be applied to the signal to the frequency 
response of the microwave components or digitizers. Photonic 
signal processing overcomes this by using optical devices to 
process the broadband RF signal while it is still modulated on 
the optical carrier. The advantage here is that relative to the optical 
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carrier, a large RF bandwidth (say 50GHz) represents a very small 
percentage optical bandwidth.
Narrow band processing techniques may now be applied to 
broadband signals. For the past two years BAE Systems has been 
involved in a Capability and Technology Demonstrator project 
sponsored by the Department of Defense to research and develops 
microwave photonics signal processing systems. Five different 
processing systems (known as modules) were developed, four of 
which were photonics based. The enabling technologies in the 
five modules were at different technical readiness levels and were 
developed to different extents. This section will describe three of 
the photonic module development activities that resulted in the 
development of prototype hardware.
1. Four Channel Photonic Down-converter The first module is 
a Four Channel Photonic Down converter, a block diagram of 
which is shown in Figure below. The purpose of this module is as 
a complete multichannel analogue photonic front end for an EW 
receiver that requires antennae to be located at remote, physically 
disparate locations around the host platform for direction finding 
or obscuration avoidance. A typical installation would be on an 
aircraft which has antennae located on the extremities of the 
wingtips and airframe. The down converter comprises of a Remote 
Subsystem (RSS) and Inboard Subsystem (ISS).
The RSS comprises of four Remote Modules, each of which is 
co-located with and interfaces to a receiver antenna. A remote 
module consists of an electro-optical modulator with integrated 
Monolithic Microwave Integrated Circuit (MMIC) low noise 
amplifier that uses a Microwave Optical Modulator (MOM) to 
modulate the antenna signal onto an optical carrier that has been 
distributed from the ISS. The signal is broadband RF and the 
system currently supports an analogue bandwidth of 2-40GHz.
Wavelength Division Multiplexing (WDM) technology is used to 
combine the four channels onto a single optical fiber for application 
of optical signal processing simultaneously to all the channels. The 
multiplexed signals and passed through another electro-optical 
modulator, that modulates a Local Oscillator (LO) signal for super 
heterodyne downconversion before they are demultiplexed into 
separate fibres and photodetected, giving one downconverted IF 
output for each channel. The downconverter system demonstrates 
how downconversion and optical amplification can be applied 
in the optical domain prior to photodetection. Processing in the 
optical domain also allows WDM to be used to reduce component 
count (with advantageous size, weight complexity and reliability 
implications) as well as allowing the use of a common local 
oscillator to be applied to all channels.

Fig. 7: Four Channel Photonic Down-Converter [1]

2. Ruggedised Fibre Bragg Grating Filter The second module is 
a Fiber Optic Filter and represents an example of how photonics 
allows a relatively narrowband filter to be tuned over a wide 
RF bandwidth. BAE Systems and Redfern Optical Components 
developed a bandpass filter using cascaded Fibre Bragg Grating 
(FBG) technology. A broadband RF signal modulated onto an 
optical carrier is passed through the optical notch filter. The output 
is photodetected to provide a baseband signal with amplitude 
proportional to the level of modulation in the selected band. By 
tuning the wavelength of the optical carrier, the entire modulating 
spectrum can be filtered to obtain simple spectral analysis 
functionality. The very small modulated bandwidth relative to the 
carrier frequency allows very narrow tuning of optical components 
to correspond to very wide RF bandwidths. This module is a good 
example of this, where the tuning range is limited by the tuning 
range of the laser.
A characteristic of FBG devices is that minute thermal and 
mechanical stressors in the fibre can cause significant detuning 
in RF. A major part of BAE System’s development effort under 
this project was to package the FBG and test it under military 
temperature and vibration conditions. This was successful, 
illustrating that it is possible to stabilise very sensitive optical 
devices for use in a military environment.
3. Broadband Channeliser: A channelising receiver is one that 
can simultaneously monitor a wide RF bandwidth and detect the 
presence of radiated energy within a narrow sub-band. A more 
sensitive, narrowband receiver can then be queued onto the active 
band for more detailed signal analysis. RMIT University, as a 
teaming partner with BAE Systems, is developing a photonic 
implementation of a Broadband Channeliser. A block diagram of 
the Channeliser is shown in fig. 13. The critical functional element 
is the Integrated Optics Etalon Array (IOEA).
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Fig. 8: Block Diagram of the Broadband Channeliser [1]

Broadband RF modulated onto an optical carrier is launched onto 
the device via a fibre optic pigtail. The IOEA then uses an array of 
Fabry Perot optical filters to divide the operating bandwidth into 
multiple sub-bands, with the output of each filter photodetected 
to provide an analog signal output level proportional to the 
modulating signal component in the corresponding sub-band. 
Under this development program the Module is being developed 
to channelise a 16GHz wide RF bandwidth into 1GHz channels. 
The application of such a system to EW receivers is clear: it 
allows simultaneous monitoring of an EW receiver’s full operating 
bandwidth, the channeliser will alert the system controller to 
activity in a particular subband and a narrowband set-on receiver 
can be cured for detailed threat analysis. Microwave channelising 
receivers are presently in widespread use; however the photonic 
implementation provides a step change improvement in size and 
complexity.

E. Integrating Photonics and EW Receivers
Early trials undertaken by BAE Systems involving the direct 
replacement of coaxial links with photonic links in EW receiver 
systems yielded a significant lesson: to obtain the full benefit of 
photonics technology, a receiver system should be developed 
from the ground up to accommodate the link’s transmission 
characteristics[1]. The ability to distribute broadband signals over 
distance is becoming more relevant to EW receivers due to the 
emerging trends in contemporary radar technology. The major 
trends are the emergence of millimetre wave (MMW) threats 
transmitting in particular between 32GHz and 36GHz and radars 
employing Low Probability of Intercept (LPI) techniques. The 
advantages of photonic links in the reception of MMW threats 
become apparent in light of the fact that longer cable runs enables 
long baseline processing techniques for direction finding and 
flexibility in the placement of antennae. The ability to transmit 
the full received bandwidth to inboard receivers, rather than 
processing at the antenna location is a key enabling technology 
in the detection and characterisation of LPI emitters. While the 
term LPI is used to describe a wide range of radar techniques, 
many of these systems employ very low power, spread spectrum 
techniques involving complex modulation schemes. Accurate 
analysis and classification of these threats requires high speed 
digitisation and digital signal processing. While downconversion 
and digitisation at the antenna location is possible, practical 
considerations such as power consumption, clock distribution, 
and electromagnetic interference make implementation difficult. 
It is in these applications that photonic distribution can become 
the preferred option. It is for these reasons that BAE Systems is 
involved in a new Capability and Technology Demonstrator that 
integrates photonics and digital signal processing technologies. 
The key target outcome of this project is to provide a digital 
electronic support receiver for the detection, analysis and direction 
finding of threats in the MMW band (up to 40 GHz) and threats 
employing LPI techniques.

MPLs are used to bring broadband received signals to the inboard 
receiver, where RF processing is used for block and superheterodyne 
downconversion to IF for subsequent digitisation and processing. 
The instantaneous bandwidth of the system is limited by the 
bandwidth of the digitiser, however the photonics does allow 
a long antenna baseline and simple antenna remote units. The 
RF signal path gain budget and frequency plan is designed with 
a photonic link in mind, so there will not be the performance 
compromises seen during coaxial replacement trials.

F. Advantages of Microwave Photonic Links
Due to their wide RF bandwidth, photonic solutions have 
advantages for optical signal processing in systems combining 
array antennas (one or more) and wide instantaneous bandwidth 
signals and also multifunction systems (radar and EW applications). 
Microwave photonic solutions could not be considered as a direct 
alternative for particular electronic function; the approach should 
be at system and architecture level.
The benefits of a fiber-optic system for aircraft applications 
include:
1. Minimal electromagnetic Interference (EMI),
2.Minimal electromagnetic environmental effects (E3), 
3. Lightweight cables (compared to Cu), smaller diameter cables 
(compared to Cu), 
4. Greater bandwidth (compared to Cu), 
5. Minimal grounding or shorting concerns .
6. Cable systems that are upgradeable without replacing the entire 
cable harness.
7. Apart from amplification and modulation, no processing 
is required to be applied to the received signals at the remote 
locations. Photonic links therefore allow the EW system designer 
the flexibility to freely distribute the full received signal bandwidth 
over any distance around a platform. This allows a given system 
to be installed on platforms of different sizes or requiring different 
antenna locations. Traditionally such problems have been overcome 
by applying some signal processing such as video detection or 
down conversion at the remote antenna location.
8. With a MPL the equipment at the remote location is much 
less complex, usually consisting of an RF amplifier (which is 
probably there in a coaxial system anyway), and a small electro-
optical modulator. The laser, modulator bias control and power 
signals can be distributed from the inboard subsystem. All this 
results in reduced size, weight and power consumption at the 
remote locations. Single mode fibre is also available in jacketed 
bundles, resulting in a smaller diameter wiring loom compared 
with relatively thick coax.

IV. Conclusion
In the past decade the field of microwave and millimeter 
wave photonics has become a key technology extending from 
components and modules to systems with important applications. 
The driver has been twofold: On one hand the broadband low-
loss and high-speed transmission capability of optical fibers has 
led to a considerable interest in their use for distributing and 
controlling micro- and millimeter wave signals. On the other hand 
the breakthrough in the design and demonstration of several ultra-
broadband photonic components has paved the way for wideband 
and high efficiency optoelectronic converters being important 
building blocks for microwave optical links. As a result, it can be 
foreseen that this multidisciplinary field of microwave photonics 
will continuously be expanded and lead to further novel concepts 
due to the synergetic merging of different technologies as has 
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been done similarly in the area of MEMS, for example. The 
augmentation of photonic links with digital signal processing 
is an example of how today’s state of the art technologies can 
be leveraged to solve the problem of detecting new generation 
threat emitters. Photonic links provide the benefits of allowing 
the distribution of broadband microwave signals around large 
platforms with little insertion loss dependence on length. This 
provides flexibility of antenna placement for long baseline 
direction finding and to optimize field of view. Transmission of 
these signals to powerful centrally-located digital signal processors 
allows detailed analysis of advanced threat waveforms. Photonic 
signal processing represents a potential capability enhancement 
to existing signal processing techniques through the provision of 
lightweight, low cost and robust broadband components.
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