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Next Generation RF Photonics ¢

Starting Assumption:

Affordable, broadband, low noise figure, high dynamic range
point-to-point microwave photonic link building blocks
are available.

« These microwave fiber optic links offer:

- Range, bandwidth and RF performance
- Phase and amplitude stability

- EMI immunity

- Small size and lightweight

- Installation flexibility

Improved microwave link technology enables enhanced

wideband RF signal processing capabilities to be
competitively implemented in optical domain
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Microwave Fiber Optic System Capabilities
 RF Antenna Remoting and Signal Routing
» Local Oscillator Signal Distribution

« SCM/WDM Information Networks
* RF Signal Generation and Frequency Conversion

* RF Delay Lines, Filters, and Signal Processors Next generation
« True-Time-Delay (TTD) Beamforming capabilities
Military RF System Insertion Targets Emerging Thrusts

Aperture Integration &
Joint Cooperative

Engagement

Communications, Radar, Navigation, ‘
& Electronic Warfare Systems

Capability
JOINT VISION 2020

Related Commercial Markets & Technologies
e Telecommunications & Broadband Access
- Voice, Video & Data Services
- DWDM, CATV, HFC, FTTC, FTTH, LAN, MAN, WAN, etc.
* Millimeter-wave Radio (HFR)
- 38 GHz, 60 GHz Radio over Fiber
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Black Box

Optical Processor

Optical
Transceiver
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Optical
Transceiver
Array

RF/Analog True-Time-Delay

Pre-Processing Eréﬁ?aélr?g (TTD)

A/D & D/IA
& Analog

Conversion

Filtering Beamforming

e Significant Technology Insertion Opportunities Exist!
 RF Performance and Cost is Critical
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ARCH Technical Challenge ¥
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 New technologies
— UAV relays
— Software radios
— High capacity point-to-point links
— Shared apertures / Active arrays
 Antenna proliferation

« Growing spectrum demands
— Communications
— Weapons
— IFF, navigation
— Surveillance & reconnaissance

Total communication performance
IS limited by RF performance
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Broadband Highly Directive RF Antennas
- Multi-band, multi-beam phased-array antenna operation
- True-time-delay (TTD) beamforming

Antenna RF Front Ends
- High-speed / high-power / high-linearity / efficient T/R modules
- High performance RF mixers

Electronic Packaging
- High-speed / high-power / high-isolation MCMs

Cosite Interference
- High isolation RF signal distribution and filtering
- Adaptive filtering & Interference cancellation

RF Photonics can help to overcome some of these
antenna system limitations!
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RF/Analog Pre-Processing & Filtering \ 4
(Example 1) Srgms o

Broadband Antenna Filtering Technology

Typical Electronic Receiver

Input Output
LNAs & HPAs Antenna Bandpass Bandpass
Severely Limit Filters Filters
RF Perfprmance N BPF limiter/amp gg BPF
Multi-Octave . — I
Multifunction Antennas BPF . Uity K BPF multiple
(AMRFS: 1-5 GHz; 5-20 GHz) BPF g limiter/amp i BPF g recl‘?t';’er
s s s M splitter

BPF limiter/amp gg BPF

RF Photonic Insertion Opportunities

« Channelizers/Filter Banks (Fiber Delay Line, FBG & Mode-Locked Laser Approaches)
« Broadband Tunable RF Filters (High-Q Micro-Optical Resonators, DWDM Filters)

« Reconfigurable Antennas & Tunable Frequency Selective Surfaces (MEMs)
- Broadband Microwave Switches & Switch Arrays (Polymer, LiNbOg, IlI-V, ....)
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Frequency Converting Photonic Links
(All Optical Superheterodyne Receivers)

Efficient, High-Quality

Tunable MMW Optical Lowloss, high Q Fixed or

Signal Generation moderate Q Tunable R I:
Techniques Optical Filtering out
l Techniques
\ LNA 4 I
Fixed/Tunable Tunable/Fixed
MMW Optical [ | IOM @), Rcl):plii'?al PD
ier Iter
carrie SMF PD: Photodiode

IOM: E-O Modulator
LNA: Low Noise Amp.
SMF: Single-mode fiber

* Eliminates need for electronic mixer (reduced front-end complexity)
 Incorporates pre-selector filtering in optical domain
« Compatible with commercial millimeter-wave fiber-radio systems

& DWDM filtering technologies
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 The “Digital Receiver” concept is an elegant antenna signal processing
solution, however conventional ADC technology will have difficult time
meeting emerging military front-end antenna system requirements.

 Microwave photonic links and RF Photonics will make their way
Into military antenna systems.

e As photonic link performance continues to improve, RF Photonics
Insertion into antenna systems will expand in areas including:

RF pre-processing & filtering
RF front-end technology
A/D conversion

TTD beamforming



