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Intel Silicon Photonics: Optics at Silicon Scale
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Integrated Optics, Enabled by Intelôs 
Hybrid Laser Technology

InPfor lasers, SOAs, PDs

Advanced CMOS MfgProcess at Intel 
Fabs On 300mm Wafers

Automated On-wafer Optical, Electrical, 
and High-speed Test

Wafer-level burn-in
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Wafer-scale manufacturing of optical sub-assembly; known good die at wafer level
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4 lasers
+MPDs

4 modulators
+monitor/control

Optical mux

4 photodiodes (Rx)

Silicon photonics HIGH VOLUME Transceivers
100G CWDM4 with No Hermetic Packaging, 5M+ units shipped

Á Transmitter chip integrates 4 lasers, 4 modulators, optical 
multiplexer, and related monitor/control functions on a single die

Á Receive path is a separate chip with 4 high speed photodiodes
Á Data center operation or industrial temperature range 

(-40°C to 85°C)
Á Industry -leading reliability and quality: ~2 FIT for laser; ~30dppm 

for module

Robert Blum, "Integrated silicon photonics for high-volume data center
applications," Proc. SPIE 11286, Optical Interconnects XX (Photonics West 2020)

Silicon Photonics High Volume Transceivers

200G and 400G optics also in production and shipping in volume now; 800G sampling
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Á 400G Ethernet connectivity for 12.8T Ethernet switches

Á Standards-compliant optical interface with extended 2km reach for 400G or 4x100G breakout

Á In volume production to support hyperscale data centers

Optical I/O
l =1.3mm

Electrical I/O

400G DR4 Silicon Photonics Optical Transceiver

400G QSFP-DD DR4
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Datacenter Network Bandwidth Scaling 

Å Switch: 2x bandwidth every ~2 years

Å Power efficiency with process node

Å I/O:  2x data rate every 3-4 years

Å Diminishing returns in power efficiency

Å Increasing share of switch ASIC power 
consumed by I/O

Å Increasing share of link power consumed by 
ĥĨıĲĳ Ġĭģ īĠĲĳ ;<Ŗ

Å 40% at 100G lanes

Å Increasing packaging and signal integrity 
complexity ($)

Fundamental challenge: I/O vs. switch scaling 
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DFB Laser Performance
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Excellent performance over temperature

Å Laser emission up to 150C

Å 10mW at 80C for 60mA; 25mW at 80C for 100mA

Uncooled operation enabled by tight process control on 300mm 
wafer

Å Low relative intensity noise (RIN) < -155 dB / Hz

Å High side-mode suppression ratio (SMSR) > 40dB 

ĘĮĴıĢĤ" ĕ! ĉĮĴĲĲĨĤıĤ# ŕđĠĲĤı ĨĭĳĤĦıĠĳĨĮĭ Įĭ ĲĨīĨĢĮĭ#Ŗ GROUP IV PHOTONICS, 2017
H. Yu# ŕ>::ČġįĲ ċĴīīĸ ĎĭĳĤĦıĠĳĤģ ĉė> ĘĨīĨĢĮĭ ĕħĮĳĮĭĨĢĲ ęıĠĭĲĬĨĳĳĤı ĥĮı ĉĠĳĠ ĈĤĭĳĤı ĆįįīĨĢĠĳĨĮĭĲ#Ŗ OFC, 2020
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High-speed 6-mm Micro-Ring Modulator

SNR: 5.3, ER: 2.8 dB

SNR: 6.2 SNR: 4.3

SNR: 7.5, ER: 4.1 dB

Intel Labs

TDECQ: 2.5 dB, ER: 3.5 dB

192Gb/s PAM4, Vpp=1.6

SNR: 5.2, ER: 3.8 dB

128 Gb/s NRZ, Vpp=0.8

V 128Gb/s NRZ is the highest data rate ever 
demonstrated in the industry using a ring 
modulator 

V 8x128Gb/s = 1024Gb/s

ĒĤĤı ĘĠĪĨġ Ĥĳ Ġī!# ŕ<@: ČġáĲáף ĕĉĒ đĨĭĪ ĶĨĳħ ĘĨīĨĢĮĭ ĕħĮĳĮĭĨĢ ĉĴĠī-ĕĮīĠıĨĹĠĳĨĮĭ ęıĠĭĲĬĨĳĳĤı Ġĭģ ĕĮīĠıĨĹĠĳĨĮĭ ĉĤĬĴīĳĨįīĤķĤıŖ# ęĴ>D.1, ECOC 2021


