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Computation and communication
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A half century lesson: 
Electronics is best for data computation and photonics is best for data 
transmission! 
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Moore’s Law

Invention of 
diode laser
1962

Concept of data 
transmission in 
optical fiber
1965 Invention of 

EDFA
1987

Concept of WDM
1978

Amazon Web 
Service
2002
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Connectivity challenges in data centers

4
Source: elvast, microsoft
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Connectivity challenges in high-performance computing
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Compound 
semiconductors

Two different technological worlds
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Silicon

• Microelectronic integration: device size, wafer scale, manufacture technique

• Photonic integration: material, functionality, fabrication compatibility
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Conventional expensive III-V photonics
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Large-scale silicon-based photonics
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Silicon photonics: a short history
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Soref and Bennett Ghent: Grating coupler

Intel, UCLA: 
Silicon Raman laser

UCSB, Intel: 
Hybrid silicon laser

Intel: 12.5 Tbps
Copackaged switch

Intel: 
100 Gbps CWDM

Luxtera: 
100 Gbps PSM4

Intel: 3M 100G 
Transceivers

Intel: 
50 Gbps WDM

Intel, Cornell: 
Ring modulator

UCSB: Hybrid silicon
SOA, Mod, PD, MLL, PIC

Lee, PTL 28, 2435 (2016)Green, OE 15, 17106 (2007)

Courtesy of John Bowers

Fang, OE, 14, 9203 (2006)
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Photonize silicon
Phase I: component design

– High accuracy in material parameters and multi-physics models
– Coherent integration of electromagnetics, electro-optic effect (e.g., plasma dispersion effect) and RF, etc. 
– Critical temperature-dependence included

10Courtesy: James Pond (Lumerical/Ansys)
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• WDM (wavelength division multiplexing) optical interconnects

+1°C: Δλshift ~ linewidth

Rings

• Provide energy-efficient data modulation and WDM function

• Very sensitive to temperature (and manufacturing variations*)

• Often require active tuning (thermo-optic , electro-optic effect)

Ref : HPE/Lumerical at TSMC OIP 2020

Phase I: photonic circuit design

~0.8 nm/oC
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Thermal Simulation for 3DIC Silicon Photonics System

Full 3DIC thermal 
simulation 

Temperature map in the 
Si Interposer layer

Update local temperature 
of each photonic device

Run photonic circuit 
simulation

RHSC/Totem for Digital IC and EIC on heat generation
RHSC-ET for PIC Package:  heat generation, dissipation, and thermal couplings of chips and optical components

https://www.3dincites.com/2014/01/lessons-learned-trenches-3d-ic-manufacturing-sensor-applications/

Courtesy of Norman Chang (Ansys)

https://www.3dincites.com/2014/01/lessons-learned-trenches-3d-ic-manufacturing-sensor-applications/�
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Silicon photonic foundry players
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Region Si3N4 Si + Ge modulators and PDs Si+Ge modulators and 
PDs + Integrated 

Lasers

North America

Europe

Asia

2021

2021

2021

2021

2021
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Photonize silicon
Phase II: CMOS foundry fabrication

– 65 nm toolset sufficient for 
most silicon photonics 
components

– Dimension control is very 
critical 
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1.5 µm

Source: CEA Leti
Streshinsky, OPN 24, 32 (2013)
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Photonize silicon
Phase II: SOI wafer

– Top Si thickness variation  phase error

– Ultra-uniform SOI wafers highly desired
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D=10 µm

Source: SOITEC, chipworks
Silicon substrate

λ
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Photonize silicon
Phase II: SOI wafer

– BOX thickness matters 
– Optical impact to grating coupler, …
– Thermal impact to thermal tuning and heat dissipation

16
Source: chipworks
Ding, OL 38, 2732 (2013)

Silicon substrate
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Photonize silicon
Phase III: wafer-level testing/screening

– Use optical resonance devices as process uniformity 
and repeatability monitor 

– Potentially factor the location dependence into PDK
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255 designs x 
58 fields, W18

1 design
1 port
1 die
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Silicon photonics PDK development

Silicon Photonics
DRM

Design of 
ExperimentPDK

SVRF Deck

Silicon Photonics Foundry

Automated Wafer Level Test

18
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Photonize silicon
Phase III: Packaging – fiber attachment
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Surface coupling

In-plane coupling

Source: IBM
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Photonize silicon
Phase III: Packaging – electronics-optics integration
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2D integration
– Simple, mature
– Limited bandwidth, 

Low density

2.5D integration
– High speed, low power 

consumption, flexible
– Fabrication, thermal 

management

3D integration
– Largest bandwidth, smallest 

footprint, largest density
– Thermal management, system 

design, reliability




Source: Intel 
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Automated design flow and Electronics-photonics co-simulation
Packaging Definition

LightSuite 
Photonic 
Compiler

Calibre
RealTime
Custom

invoke

Interposer
Script

python

edit

execute, 
debug

Python IDE

S-Edit
Schematic

Schematic-Driven Layout

PDK

SVRF Deck

CML Library

22Courtesy of Ashkan Seyedi
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Heterogeneous photonic integration on silicon
Wafer bonding or heteroepitaxy

– Enablement of missing functionalities on silicon
– IIIV-on-Si: optical gain, strong nonlinearity 

– Enhancement of weak functionality on silicon
– LiNbO3-on-Si: high-speed modulation, strong 

nonlinearity 

– Innovative new structure realization
– Heterogeneous MOS capacitor

23

III-V

Si device 

Si substrate 
Buried oxide LiNbO3

https://ong.ethz.ch/
Tran, APL Photon. 4, 111101 (2019)
Mizumoto, SPIE, 89880C (2014)

https://ong.ethz.ch/�
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Silicon photonic market forecast

24
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• Telecom, 5G
• Datacenter, HPC, AI
• Optical computation
• Quantum optics

Information
technology

• Optical clock
• Navigation
• Spectroscopy

Optical 
metrology

Sensing
• LIDAR
• Gyro
• Imaging

Silicon Photonics
1000X reduction in scale, cost and power consumption

Applications
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