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Microwave photonics (MWP): manipulation of RF signals  using 

photonic techniques/components

Capmany and Novak, Nat. Photon  1 (2007)

Seeds  and Williams, J. Lightwave Technol.24 (2006)

Yao, J. Lightwave Technol.  27 (2009)

Marpaung et al., Laser Photon. Rev. 7 (2013)

vs.

• Heavy  (copper,  567 kg/km)

• High loss(190 dB/km @ 6 GHz)

• Rigid and large cross section

• Lightweight

• Low loss(0.25 dB/km)

• Very flexible



MWP applied in the generation, distribution, processing, measurement of RF signals 

Next generation wireless

Satellite communication

Defense

Radio astronomy
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Key concepts: Optical 

modulation and detection

Microwave signal Microwave signal

Modulated optical signal

Microwave photonic link
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MWP link: low loss signal transport/distribution

Functionalities

• filtering

• delay

• freq. up/down 

conversion… 

MWP system: wideband, reconfigurable RF signal processing 

Integrated MWP: PICs for advantage in size, weight and power 



Material platforms 
Low loss

High power 

handling

Compact

Lasers

Linear modulation 

& detection
CMOS 

compatible

Optical 

nonlinearities

Standard silicon

• Loss ~ 1-3 dB/cm

• Tens of micron bend radius

• Carrier depletion modulator

• Nonlinear loss for high intensity 

(TPA and FCA)



Material platforms
Indium phosphide

Universal signal processor

(UPV, Nat. Comm. 2017)

Silicon

All integrated filter

( UPV, Nat. Photon. 2017)

Silicon nitride Chalcogenide

SBS tunable filter

( Sydney, Optica 2015)

Channelizer, processor

( LioniX, JSTQE 2018)

Thick SOI

Instantaneous frequency 

measurement 

( Sydney, Optica 2016)

Hydex

Comb-based RF photonics

( Swinburne, JSTQE 2018)

Emerging materials

Ta2O5 (UCSB, Optica 2017) LNOI (Harvard, Optica 2017)



▪ Cross section: ~ 1 m x 1.5 m

▪ Propagation loss: < 0.2 dB/cm

▪ Bend radius ~ 100 m

▪ Coupling loss ~ 1 dB/facet

▪ Moderate nonlinearity (~ 10 x n2 of silica)

▪ TPA and FCA free

Roeloffzen et al. Opt. Express 21(19), 2013.

Beamformer, filters, frequency discriminator, 

modulation transformer. UWB pulse shaper, 

frequency measurement, …

Silicon nitride



Signal Generation

Microwave tone

RF waveform
Filtering

Signal processing

Tunable delay line

Signal measurement

Y. Liu et al., Adv. Opt. Photon., 2020

J. Wang et al., Sci. Rep., 2016

M. Khan et al., Nat. Photon., 2010

J. Liu et al., Nat. Photon., 2020

M. Burla et al., Nat. Comm., 2016



Radar

target

Clutter/

interferer

Strong interferers saturate receiver

(should be removed)

Requires: RF filters with high selectivity, widely tunable frequency, 

dynamically reconfigurable

Microwave photonics filter! 

J. Capmany et al, JLT, 24, 201, 2006
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Bandpass filter Bandstop/notch filter

Desired:

• Low insertion loss 

• Large rejection 

• Narrow/wide/tunable bandwdith

• Tunable central frequency 

• Low (near 1) shape factor → (30-dB BW)/(3-dB BW)









D. Marpaung et al.,Optics Express, 2013



Y.Liu et al.,Optics Letters, 2017
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Limitation: optical filters 

have low resolution (GHz)

Frequency
RF 

(~ 10 GHz)

Optical

(~ 200 THz)

Signal separation in MHz

Optical filters : GHz 

resolution (1000x lower)

Need MHz-resolution filter

P
o
w

e
r



Coherent light-sound interactions
Stimulated Brillouin scattering (SBS)

▪ Highest resolution optical filter

▪ 1000x higher resolution than silicon rings

▪ Application: RF processing and low noise laser

Ultra narrow 

optical gain + filter

Pump

Amplified Probe

Probe



RF → acoustic waves 

via transducer (IDT)

✓Compact 

✓High resolution

× Low frequency (1-2 GHz)

× Not tunable

SAW filters SBS RF photonic 

• Optics → wide bandwidth

• Acoustic → high resolution

✓High resolution (MHz)

✓High extinction (60 dB)

✓Tunable (~100 GHz)

✓ Integrated on chip

✓Programmable device

Application: information processing 



Dimension of 28cm x 30cm x 10cm.

Software user interface

US Air Force Lab

US Army Lab

AOARD 

Filter prototype



1-30 GHz continuous tuning

Tunable filter resolution

Tunable bandpass

Tunable notch extinction

1-30 GHz frequency tuning

Prototype capabilities



D. Marpaung et al., Optica, 2, 76-83 (2015)

Chip-scale SBS filter



• Integrated MWP filter is a promising technology

• Brillouin scattering for high(est) resolution signal processing 

• Next step in integrated MWP: on-chip functionalities + RF performance



Nonlinear Nanophotonics group
• Established in 2018

• Now: 1 senior researcher, 1 postdoc, 5 PhD students, 8 MSc and BSc students   


