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MICROWAVE SYSTEMS

Oscillator/ 
microwavegenerator

Modulator

Data in

Filter Demodulation Data out
0.3-300 GHz

Antenna Antenna

Applications:
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MICROWAVE PHOTONIC SYSTEMS

Photonic componentsRF in RF out

A microwave system were the functionality is provided by a photonic system.
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MICROWAVE GENERATION: PHOTONICS VS ELECTRONICS

Photonic Electronic

Bandwidth Bandwidth limited to UTC-PD
1 nm tuning is 120 GHz

200 GHz bandwidth and 
10 percent tuning

Size Determined by wavelength: 1 um Wavelength: 1-5 mm

Losses 0.3 dB/km in optical fiber 6000 dB/km @ 60 GHz
No transmission above 100 GHz
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OVERVIEW

• Introduction to microwave photonics

• Ongoing research

• Silicon photonic Radio-over-Fiber links for 5G

• Photonic frequency conversion

• Summary
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MICROWAVE PHOTONICS PROCESSING

Laser Modulator PD

RF or data in

RF out
RF functionality in 

optical domain

• Filter
• Frequency conversion
• Fiber transmission
• Phase shift
• Beam steering
• ...

𝑉0sin(2𝜋𝑓𝑅𝐹𝑡)

𝐸0sin(2𝜋𝑓𝑜𝑝𝑡𝑡)
𝐸0sin 2𝜋𝑓𝑜𝑝𝑡𝑡 × sin(2𝜋𝑓𝑅𝐹𝑡)

𝐴(𝑡)𝑉0sin(2𝜋𝑓𝑅𝐹𝑡)
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MICROWAVE PHOTONIC PROCESSING

Laser Modulator PD

RF or data in

RF out
RF functionality in 

optical domain

• Filter
• Frequency conversion
• Fiber transmission
• Phase shift
• Beam steering
• ...

𝑓𝑜𝑝𝑡 = 193 𝑇𝐻𝑧

𝑓𝑚𝑜𝑑 = 10 𝐺𝐻𝑧

𝑓𝑅𝐹 = 10 𝐺𝐻𝑧

𝑓𝑅𝐹 = 10 𝐺𝐻𝑧
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MICROWAVE PHOTONICS PROCESSING

Laser PD

RF or data in

RF out
RF functionality in 

optical domain

• Filter
• Frequency conversion
• Fiber transmission
• Phase shift
• Beam steering
• ...

𝑓𝑅𝐹 = 10 𝐺𝐻𝑧

𝑓𝑚𝑜𝑑 = 10 𝐺𝐻𝑧

𝑓𝑅𝐹 = 10 𝐺𝐻𝑧
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MICROWAVE PHOTONIC UPCONVERSION

Laser 1 Modulator PD

Baseband data

Laser 2

2X1 
MMI

𝑓1 = 193 𝑇𝐻𝑧

𝑓2 = 193.01 𝑇𝐻𝑧

𝑓2 = 193.01 𝑇𝐻𝑧𝑓1 = 193 𝑇𝐻𝑧

𝑓𝑚𝑤 = 10 𝐺𝐻𝑧

𝑓𝑚𝑤 = 10 𝐺𝐻𝑧
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MICROWAVE PHOTONICS UPCONVERSION: MULTICHANNEL

Laser 1 Modulator PD

Baseband data

Laser 2

3X1 
MMI

𝑓1 = 193 𝑇𝐻𝑧

Modulator

𝑓2 = 193.01 𝑇𝐻𝑧

Baseband data

𝑓2𝑓1 𝑓3

𝑓𝑚𝑤1 = 50 𝐺𝐻𝑧

𝑓3 = 193.05 𝑇𝐻𝑧

Laser 3
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OVERVIEW

• Introduction to microwave photonics

• Ongoing research

• Silicon photonic Radio-over-Fiber links for 5G

• Photonic frequency conversion

• Conclusion
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WIRELESS COMMUNICATION – 4G LTE

Core 
network

Central 
office

Optical fiber

1 km

2 GHz

Challenges to keep up with demand:
• Spectrum congestion
• Limited bandwidth
• Latency
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WIRELESS COMMUNICATION – 5G

Core 
network

Central 
office

20-60 GHz

20-60 GHz

100 m

100 m

5G will bring:
• Higher carrier frequencies
• More bandwidth
• Smaller cells
• Spectrum re-use

Need for lot of antenna links!
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WIRELESS COMMUNICATION – 5G
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WIRELESS COMMUNICATION – CLASSIC TRANSMISSION

Core 
network

Central 
office

t
t

Optical fiber Wireless transmission

Simple intensity modulation 
of optical carrier

Phase and amplitude
modulation of EM high 
frequency carrier

O/E
DSP
DAC
LNA
MIX
CG

I(t) A(t)

Expensive and 
complex 

atenna sites!
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WIRELESS COMMUNICATION – RADIO OVER FIBER

Core 
network

Central 
office

t t
Wireless signal intensity
modulated on optical carrier Phase and amplitude modulation 

of high frequency EM carrier

RoF link

O/E
LNA

I(t) A(t)
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WIRELESS COMMUNICATION – RADIO OVER FIBER

Core 
network

Central 
office

Optical fiber Wireless transmission

• Optical to Electrical 
conversion

• Amplification

• Lower deployment and 
operation cost

• Denser deployment possible
• More users with higher 

bandwidth

• Digital signal processing
• Carrier generation
• Digital to analog conversion

Low cost, mass deployable RoF links
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INTEGRATED PHOTONIC TECHNOLOGY: SILICON PHOTONICS

Silicon photonic integrated circuit:

• 200mm/300mm CMOS fabrication 
for PIC realization

• Very compacts PICs because of high 
index contrast

• Low loss waveguides

IMEC silicon photonic PIC
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SILICON PHOTONIC RADIO-OVER-FIBER LINK

Integrated 
III-V-on-Silicon 

laser

High bandwith 
integrated 

Ge-on-Si PD

RF or data in

RF out
Transport over 

5 km of Standard 
Single Mode Fiber

𝑓𝑅𝐹 = 5 to 30 GHz with 1 to 20 Gbits of data

𝑓𝑜𝑝𝑡 = 193 𝑇𝐻𝑧
𝑓𝑅𝐹 = 5 to 30 GHz with 1 to 
20 Gbits of data

Use silicon photonic components to manufacture 
low-cost, large-volume integrated solution
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IIIV-ON-SILICON LASER

A. Abbasi et al, High Speed Direct Modulation of a Heterogeneously Integrated InP/SOI DFB Laser, 
Journal of Lightwave Technolgy (invited), 34(8), p.1683-1687 (2016)

Small signal measurement

http://photonics.intec.ugent.be/publications/publications.asp?ID=3659
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SILICON PHOTONIC RADIO-OVER-FIBER LINK
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MEASUREMENT RESULTS: SILICON PHOTONIC ROF LINK

54 Mbps
64-QAM OFDM 

5 GHz carrier
error free

K. Van Gasse, J. Van Kerrebrouck, A. Abbasi, G. Torfs, H. Chen, X. Yin, J. Bauwelinck, G. Roelkens, 480Mbps/1 Gbps radio-over-fiber link based 
on a directly modulated III-V-on-Silicon DFB laser, IEEE topical meeting on Microwave Photonics 2016
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MEASUREMENT RESULTS: SILICON PHOTONIC ROF LINK

16 Gbps
16-QAM 

20 GHz carrier
BER = 10-5
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MEASUREMENT RESULTS: SILICON PHOTONIC ROF LINK

10 Gbps
16-QAM 

26 GHz carrier
BER = 10-5

K. Van Gasse, J. Van Kerrebrouck, A. Abbasi, G. Morthier, J. Bauwelinck, G. Roelkens, 26 GHz Carrier Frequency 10 Gbit/s Radio-over-Fiber Link 
based on a Directly Modulated III-V/Si DFB Laser, European Conference on Integrated Optics (ECIO'2017), Netherlands, p.T3.4 (2017)

5G peak data rate
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FREQUENCY CONVERSION - INTRODUCTION

100 MHz

50 kHz

S

99 MHz

1 MHz

50 kHz

RF in IF out

LO

Demodulation

50 kHz

Audio out

Slower 
electronics to 

process data at IF
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FREQUENCY CONVERSION - INTRODUCTION
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MICROWAVE PHOTONIC FREQUENCY CONVERSION

Mode-locked 
laser

Modulator PD

Data on carrier

𝑓𝑅𝐹 = 19 𝐺𝐻𝑧

filter

Data on low 
frequency carrier

𝑓𝑅𝐹 = 1 𝐺𝐻𝑧

• Large bandwidth
• Input frequency independent response
• MLL works as local oscillator
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MICROWAVE PHOTONIC FREQUENCY CONVERSION

Mode-locked 
laser

𝑓𝑐𝑒𝑛𝑡𝑒𝑟 = 193 𝑇𝐻𝑧

𝑓𝑟𝑒𝑝 = 10 𝐺𝐻𝑧

Mode-locked laser creates optical frequency comb
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MICROWAVE PHOTONIC FREQUENCY CONVERSION

Mode-locked 
laser

Modulator PD

Data on carrier

𝑓𝑐𝑒𝑛𝑡𝑒𝑟 = 193 𝑇𝐻𝑧

10 𝐺𝐻𝑧

𝑓𝑅𝐹 = 19 𝐺𝐻𝑧

𝑓𝑐𝑒𝑛𝑡𝑒𝑟 = 193 𝑇𝐻𝑧

19 𝐺𝐻𝑧1 𝐺𝐻𝑧

filter

Data on low 
frequency carrier

𝑓𝑅𝐹 = 1 𝐺𝐻𝑧
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PHOTONICS MICROWAVE DOWN-CONVERSION

DEMONSTRATION

PIC

MLL

PIC

MZM

RF in
27.75 GHz

S

LO
5 GHz

IF out
1.5 GHz

K. Van Gasse, Z. Wang, S. Uvin, J. Marien, L. Thomassen, G. Roelkens, Ka-to-L-band frequency down-conversion using a micro-
photonic IIIV-on-silicon mode-locked laser and Mach-Zehnder modulator, International Conference on Space Optics, France, (2016)
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MODE LOCKED LASER

Z. Wang, K. Van Gasse, Valentina Moskalenko, Sylwester Latkowski, Erwin 
Bente, B. Kuyken, G. Roelkens, A III-V-on-Si ultra dense comb laser, Light: 
Science and Application

K. Van Gasse, Z. Wang, V. Moskalenko, S. Latkowski, B. Kuyken, E. Bente, G. Roelkens, 
Passively mode-locked III-V-on-silicon laser with 1 GHz repetition rate, The 25th 
International conference Semiconductor Laser Conference (ISLC 2016)
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MACH-ZEHNDER MODULATOR
Vpi = 2V

• InP MQW phase shifter
• Combines Pockels and carrier 

depletion
• Very low Vpi compared to Silicon 

MZM
• Segemented electrode design
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PHOTONICS MICROWAVE DOWN-CONVERSION

PIC
MZM

IF out
1.5 GHz

MLL

S

PD

RF in
27.75 GHz

LO
5 GHz

Currently working on co-integrating all components on a single chip
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SUMMARY

• Integrated microwave photonics is a field with many 

applications such as wireless communication

• Next generation wireless network (5G) is a strong driver for 

integrated microwave photonic solutions

• Silicon photonic RoF links aimed at 5G in development 

• Photonic frequency conversion for satellite communication 

under development
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