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Al Data Center Demands Si Photonics 1
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Electro-Optic (EO) Integrated Transceivers
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Design Challenge

Electronics and Photonics use totally different design environment (software)
— Low design efficiency and simulation accuracy

Electronics Photonics
® HSPICE

R 388 @ ADS
| A @ cic...
Keysight Techologies, Inc. © Ansys, Inc.

® [umerical

® Rsoft

® OptDesigner
* @ etc...

Semiconductor prototype requires long TAT and expensive cost
— Performance prediction is important



Electro-Optic (EO) Co-Simulation

EO co-design has been tried using electronic circuit simulators
(Synopsys, Cadence, Keysight etc...)

Electronic Circuit Simulators
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Example: Optical Propagation | e S a oo

Laser Waveguide Termination
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Recent Model Libraries & Challenges

UBC & Ansys Lumerical (Opt. Express 2024) Global Foundries (OFC 2024)
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Insufficient (only Optical Transmission) Experimental Verification Insufficient (only s,,, Thermal Transience)

& Lack of Accuracy for 800G Requirement (>50 GBd / Lane)

This Work: Accurate Co-Simulation Models for Electronic Circuit Simulators



Two Stages to Improve Accuracy

1. RF Modeling of Mach-Zehnder Modulators
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Segmented Model for Travelling-Wave Electrode

Electrical Domain (Netlist)

Travelling-Wave Electrode L2 L,J2
LI2 RJ2 R/2 L2
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Effect
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Segmented Model Optical Domain (Verilog-A)

—> Accurate simulation of RF losses, impedance mismatch, and phase mismatch



Electrical Parameters Extraction 10
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Modeling of EO Phase Shifter 11

Phase shifter was modeled using polynomials n ,(V) = ny + n,V + n,V?
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Mach-Zehnder Modulators
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Two Stages to Improve Accuracy

1. RF Modeling of Mach-Zehnder Modulators
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2. Noise Modeling of Optical Receivers
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Modeling of EDFA’s ASE Noise 14

N 0|se Model ASE level was measured
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Wavelength Tunable Filter 15
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Photodetector (PD)

PD causes roll-off and noise
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Test Bench for Communication Link 17

Each part of the experimental setup was replaced by the model
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50-Gbaud Eye Diagrams (PCW-Type Modulator)
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PRBS + Optical Group Delay + RC Time Constant + Travelling-Wave Electrode
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Frequency Response

Co-Packaged Transmitter (MZM + Driver)
K. Kawahara et al., IEEE JSTQE, vol. 32, no.2, Mar. 2026.
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Conclusion 20

Conclusion

EO Co-Design Reaches Practical Domain in 800G Systems

Challenge Accuracy of EO co-simulation was insufficient
RF modeling, noise modeling, experimetal verifications, ...

Results Experimentally verified up to 64 Gbaud, will be extended to >100 Gbaud
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