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Data Centers

Global DC IP Traffic

(Statista 2021)



Data Center Network

Google Data Center Network

Total bandwidth: 2 Tbps è 10 Tbps è 100 Tbps è 200 Tbps è 6 Petabps



Why photonics for interconnects?



Co-Packaged Optics

Requirements on Optical Tx

- Large modulation bandwidth density

- High energy efficiency (small J/bit)

- CMOS compatibility (MCM) 

- Direct or external modulation?

- Large scale integration  

èSi Micro-Ring Modulator  
(Si MRM) for Photonic I/O

- MMF or SMF ? 

è Disaggregated  DC Architecture



High-Performance Si MRM

(Intel, OFC 2019)

<112-Gb/s PAM4 transmitter>



Si Photonic I/O Research at Yonsei
- IHP Photonic BiCMOS

Monolithic integration of 
Si photonic devices and
High-performance SiGe HBT  



Monolithic Si Photonic WDM Transmitter
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- 100Gbps (4 x 25 Gbps) Tx

- Accurate modelling of  Si MRM

- Optimization of driver circuits by electronic-photonic co-simulation 

- Temperature controller for Si MRM 



Model Parameter Extraction
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<Extracted parameters>
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Equivalent Circuit SPICE Model for RM
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<OIC, 2015>
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-4 8.99 1.65 9.71

<Calculated RC Parameters for Dλ=70pm>



Verification with Measurement Results
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<Extracted RC Parameters>

ü 4Vpeak-to-peak swing driving PRBS31, 25-Gbps
ü Freq. response of Orx, oscilloscope included
ü Simulated by Synopsys HSPICE
ü Simulation time is 4.43s for 1-us transient

(Verilog-A model: 980.25s)
è220 times faster!

<Photonics Research, 2019>



Co-simulation with Driver IC
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ü IHP Photonic BiCMOS foundry service
ü Differential cascode common-emitter structure used 

for high-speed & large output swing
ü Size of BJT was chosen for maximum 
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(Optimum design)

<OFC, 2018>



PAM-4 Signal Optimization with Co-simulation

<Photonics Research, 2019>

ü IHP Photonic BiCMOS foundry service
ü Differential cascode common-emitter structure 

with emitter degeneration employed
ü PAM4 summation with different TR size

VDRV Pout/Pin

RLMDRV = 
97.8%

RLMRM = 
75.5%

3.4dB ER

RLMDRV = 
67.2%

RLMRM = 82%

3.4dB ER

RLMDRV = 
78.9%

RLMRM = 88.5%

2.7dB ER

RLMRM = 96.9%

3.4dB ER



Measurement Setup

DUT

Bias
Board



Measurement Results

<Power Breakdown>

307.5mW, 
26%

855mW, 
74%

Pre-driver & buffers
Driver

<4 x 25Gb/s>



Temperature Sensitivity of Si RM
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Temperature Control with Temp. Sensor
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ü Temp. control with two steps
- Step1 (Calibration Mode)
:Initial sweep (Find optimum CODEsensor and save it)

- Step2 (Lock Mode)
:PID control to maintain CODEsensor

ü Decouple OMA monitor power when Lock Mode
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Measurement Setup
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Measurement Results

<1000s 15℃ thermal stress >

25Gb/s PRBS31
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Performance Comparison

15’ JSCC 18’ ISSCC 16’ JSSC 16’ JSSC 19’ JLT This Work

Process 130nm SOI SiPh +
65nm CMOS

100nm SOI SiPh
+

65nm CMOS

130nm SOI SiPh + 
40nm CMOS

45nm CMOS S

OI
0.25μm BiCMOS

0.25μm 
Photonic 
BiCMOS

Wavelength 1550 nm 1310 nm 1550nm 1180 nm 1550 nm 1550nm

Demo.
data-rate 25 Gb/s 10 Gb/s 2 Gb/s 5 Gb/s 25 Gb/s 25Gb/s

Driver
Integration

O
(Wire-bonded)

O
(3D face-to-face)

O
(Wire-bonded)

O
(Monolithic) X O

(Monolithic)
Controller 
Integration

X
(Off-chip PD)

O
(3D face-to-face)

X
(Off-chip DAC)

O
(Monolithic)

X
(Off-chip PD)

O
(Monolithic)

Scheme Average Power
Analog closed-

loop
w/ digital reconfig.

OMA monitor 
w/ slope quantizati

on
Bit-statistics

OMA monitor 
w/ power detector 
& wo-step approac

h

OMA monitor w/ 
Temp. sensing 

&
PID control

Manual 
Reference Setting O O X X X X

Resonance 
wavelength 

tuning range
N/A N/A 5 nm 2.5 nm 0.55 nm 3.27 nm

Controller 
Power 0.17 mW 0.15mW 2.9 mW 0.72 mW 3.91 mW 3.325 mW

Energy efficiency 0.0068 pJ/bit 0.015 pJ/bit 1.45 pJ/bit 0.144 pJ/bit 0.1564 pJ/bit 0.133 pJ/bit

ü Monolithic, high data-rate, and energy-efficient <OFC, 2020>

<Photonics Research, 2021>



Summary

• Importance of Si Photonics for Data Center Connectivity 

• At Yonsei
- Based on IHP’s Photonic BiCMOS technology
- 100 Gbps (25 Gbps x 4 l’) Si MRM EPIC solution 

with built-in temperature controller achieved 

- Co-Packaged Optics requires 
Large bandwidth, Energy efficiency, Size efficiency 

- For Tx, Si MRM is most promising
- Lots of active R&D efforts for Si MRM based photonic integrated circuits 
and systems

• For successful photonic I/O R&D, 
expertise both in photonics and electronics needed




