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Motivation

o Silicon photonics higher BW, 

lower power

o MRM better choice with respect to 

MZM

o Inherent WDM functionality to 

reduce area

o Sensitive to PVT variation 

o How to reach max OMA
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o The OMA is a strong function of the ring's resonance wavelength
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Background

o The ring's resonance is a strong function of temperature
o The goal is to observe OMA or a related parameter and change the temperature 

to arrive at maximum OMA
o How to observe OMA? How to stabilize the temperature?
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Thermal Control Unit (TCU)

o To stabilize the temperature and maximize OMA we need sensor and actuator
o Sensors can either sense temperature (not sufficient) or laser power
o For laser power sensor, a photodiode can be located at either:

n Drop-port (dedicated to each channel, suitable for WDM)
n Through-port (not compatible with WDM)

o Actuator:
n Heater resistor can be used to thermally lock the resonance wavelength

Drop-port

Input-port Through-port

𝐻𝑒𝑎𝑡𝑒𝑟
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Through-Port vs Drop-Port Methods

o Monitor the average power of the modulated laser
o OMA is a function of average power
o Find the ratio of 𝑃!/𝑃" or 𝑃#/𝑃" 	that maximizes OMA
o Prior works [4,5], used modeling and simulations for determination
o Set the locking point accordingly by adjusting R1,2

Through-Port Method Drop-Port Method
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Susceptibility to Process Variation

o Relying heavily on simulations and models to determine the locking point
o The result is a higher susceptibility to process variations
o TCU fails to lock in 16% and 35% of the time in through-port and drop-port methods
o It results in zero OMA 

Through-Port Method Drop-Port Method
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Susceptibility to Process Variation

o A target OMA of 0.5 mW, is expected to provide a yield of 61% and 36%, respectively
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o Utilizing a calibration method that locks to the max OMA, eliminates failures to lock
o It also increases expected yield to 83% for the target OMA



Proposed Design
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Measurement Results

o Goal is to lock all 8-channels to max OMA
o Our three-step calibration procedure, involving sweeping the heater gate 

voltage while transmitting level 0, level 1, and dc-balanced data
o Based on these three data points, we can calculate the average drop-port 

voltage corresponding to maximum OMA as 0.40 V 
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Measurement Results
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Conclusion

o Implemented 8-channel WDM transmitter with on-chip TCU in monolithic 

GF45SPCLO technology

o TCU relies on average power of the modulated laser

o Verified locking to max OMA with a new calibration technique without any high-

speed circuitry or relying on simulations

o OMA is expected to become significantly more stable against process variations

o Leading to an enhancement in yield from 36% to 83%
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Thank You!
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