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WHAT IS SILICON PHOTONICS?

The implementation of high density photonic integrated circuits by 

means of CMOS process technology in a CMOS fab

Enabling complex optical functionality on a compact chip at low cost
Pictures, courtesy of imec
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THE PAST 20 YEARS: STUNNING RESEARCH PROGRESS

PUBLICATIONS EACH YEAR

(Conferences not included)

Citation report for 9,982results from Web of Science Core Collection 
You searched for: TOPIC:(silicon) ANDTOPIC:(photonic OR photonics) ANDYEAR PUBLISHED:(1998-2017) 
Indexes: SCI-EXPANDED. 
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WHY SILICON PHOTONICS

Å High index contrast Ý very compact PICs

Å CMOS technologyÝ nm-precision, high yield, 

existing fabs, low cost in volume

Å High performance passive devices

Å High bitrate Ge photodetectors

Å High bitrate modulators 

Å Wafer-level automated testing

Å Hierarchical set of design tools 

Å Light source integration (hybrid/monolithic?)

Å Integration with electronics (hybrid/monolithic?)

n1(=3.5)>n2(=1.45)
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SILICON PHOTONIC WIRES

Si substrate
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n1(=3.5)>n2(=1.45)
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ON-CHIP SPECTROMETER (200 X 350 ɀM2)
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SILICON PHOTONICS: EXTENDING THE WAVELENGTH RANGE
WITHOUT LEAVING THE CMOS FAB
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OUTLINE

Silicon photonics for high speed optical transceivers

Silicon photonics for sensing and life science

Integrated light sources
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MODULATOR BASED ON CARRIER DEPLETION

10

Year Group Electrical structure Optical structure Efficiency Loss ER Bit rate Vpp Length 

2007 Intel Vertical PN junction Mach-Zehnder 4 V cm 7 dB ñ 30 GBps 6.5 V 1 mm 

2009 Kotura Lateral PN junction Ring 1.5 V cm 3 dB 8 dB 10 GBps 2 V 2  ́Ŀ 15 Õm 

2010 Kotura Lateral PN junction Mach-Zehnder 1.4 V cm 2.5 dB 7 dB 12.5 GBps 6 V 1 mm 

2011 MIT  Vertical PN junction Microdisk  ñ 1 dB 5 dB 12.5 GBps 1.5 V  ́Ŀ 3.5 Õm 

2011 Southampton U. Lateral PN junction Mach-Zehnder 2.7 V cm 15 dB 10 dB 40 GBps 6V 3.5 mm 

2012 Paris-Sud U. Lateral PIPIN junction Mach-Zehnder 3.5 V cm 6 dB 6.6 dB 40 GBps 7 V 4.7 mm 

2012 Washington  U. Lateral PN junction Mach-Zehnder 2 V cm 5 dB 3.7 dB 20 GBps 0.63 V 5 mm 

2012 Yokohama U. Lateral PN junction PhC-MZI  ñ 9.1 dB ñ 40 GBps 5.3 V 90 Õm 

2012 I. Semicond. Zig zag PN junction Ring 1.7 V cm ñ 3 dB 44 GBps 3 V 22 Õm 

2013 Colorado U. Interleaved PN junction Ring ñ 4.5 dB 5.2 dB 5 GBps 3.6 V 2  ́Ŀ 5 Õm 

2013 Paris-Sud U. Interleaved PN junction Mach-Zehnder 2.4 V cm 4 dB 7.9 dB 40 GBps 6 V 0.95 mm 

2013 IMEC/Gent U.  Lateral PN junction Ring - - 11 dB 10 GBps 1 V 2  ́Ŀ 40 Õm 

2014 MIT  Vertical PN junction Microdisk  ñ 1 dB 8 dB 44 GBps 2.2 V  ́Ŀ 4.8 Õm 

2014 McGill  U. Lateral PN junction Michelson 0.7 V cm 3 dB 3.3 dB 25 GBps 4 V 500 Õm 

2014 Valencia U. Vertical PN junction ñ 0.4 V cm 4.7 dB ñ ñ ñ ñ 

2014 A*STAR Lateral PN junction Mach-Zehnder 1.65 V cm 7.65 dB 5.66 dB 28 GBps 1.3 V 5.5 mm 

2014 Delaware U. Lateral PN junction Ring 2.2 V cm 7 dB 6.2 dB 40 GBps 4.8 V 2  ́Ŀ 7.5 Õm 

	

p n

p n

Applied voltage

Change of free electron/hole density

Change of refractive index

Change of optical phase

Change of 
optical 
intensity
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GE PHOTODIODES

Lateral PIN Vertical PIN

SiSi
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GE PHOTODETECTORS: STATE OF THE ART

Intel, 2005. 

IEF, 2009. 

Sandia Lab., 2011.

Luxtera, 2008. IME, 2008. 

IMEC, Gent Univ., 2015.

Main characteristicsof all detectors:
V Bandwidth> 40GHz
V Lowdark current < µA
V High responsivity> 1A/W @ 1550nm
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IMEC STATE-OF-THE-ART SILICON PHOTONICS PLATFORM

Co-integration of the various building blocks in a single platform

Today available on 200mm wafer size, coming soon on 300mm

95% compatible with CMOS130 in commercial foundries

56G Ge Electro-Absorption Modulator

56Gb/s eye diagram

56G Silicon Ring Modulator

56Gb/s eye diagram

8+1-channel DWDM (De-)Multiplexing Filter In-Plane Coupler

Surface-Normal Coupler

50G Ge Photodetector 50Gb/s eye diagram

56G Silicon Mach-ZehnderModulator
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Hybrid CMOS Si-Photonics Transceiver Module

HYBRID CMOS SI-PHOTONICS TRANSCEIVER DEMO

Putting it all together

40nm Foundry CMOS Chip

imec Si Photonics Chip

Single-Mode

Fiber Array

40nm Foundry CMOS Chip

4x20G Driver array

4x20G TIA array

imec Silicon Photonics Chip

4x 25G Ring 

Modulator Array

4x25G Ge PD array

DWDM Filter
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Driver2 (mux) @ ʇ2 Driver3 (mux) @ ʇ3 Driver4 @ ʇ4Driver1 @ ʇ1

~12ps ~19ps ~11ps~18ps

Transmitter Eye Diagrams (4x20G)

4x DWDM Wavelength Channels 

Each operational at 20G

~ 2mW/ Gbps power efficiency*

*Excluding laser and thermal control power

(Rakowski,  ISSCC 2015)

Receiver Eye Diagrams (4x20G)
1.5mm

1mm



15

THE PAST 5-10 YEARS: STUNNING INDUSTRIAL DEVELOPMENT

IN SILICON PHOTONICS, DRIVEN BY TELECOM/DATACOM

Å active optical cables (eg PSM4: 4x28 Gb/s on parallel fibers)

Å WDM transceivers (eg 4 WDM channels x 25 Gb/s on single fiber)

Å coherent receiver (eg 100 Gb/s PM-QPSK)

Å fiber-to-the-home bidirectional transceiver (eg 12 x 2.5 Gb/s)

Å monolithic receiver (eg 16x20Gb/s)

Å 40Gb/s, 50Gb/s and 100 Gb/s Ethernet (future: 400Gb/s)

Å é


