












limited by thermal noise. This could then be reduced by increasing the quality factor of the 
resonator, which increases the error signal slope, and thus less electrical amplification is 
needed. Additionally, the CRR laser cavity yields a nonlinear FM tuning response beyond the 
loop bandwidth of 200 kHz, most likely due to the combination of thermal and carrier plasma 
effects [19]. Programmable digital loop filters can design for these nonlinear effects and 
closer monolithic or system-in-package integration of the full optoelectronic loop [8,18,20] 
will keep the phase lag due to loop delay low. 

 

Fig. 5. In-loop characterization of the 30 MHz RF signal in linear (inset) and log scale. 

4. Conclusion 

We have successfully demonstrated a PDH frequency stabilization system using a 
heterogeneous Si CRR laser, waveguide coupled Si3N4 resonator, and appropriate feedback 
electronics. The high frequency FM noise is measured to be 60 × 103 Hz2/Hz consistent with a 
160 kHz linewidth. Within the loop bandwidth of the PDH lock, the low frequency noise is 
suppressed up to 33 dB, to 103 Hz2/Hz. The ultra-high Q Si3N4 cavity allows for 60 × 
reduction of noise below the spontaneous emission noise of the laser, making it very 
promising for further integration work. Lower coupling losses on a monolithic platform will 
improve the system performance, and electronics in closer proximity to the devices will allow 
for higher loop bandwidths and noise suppression. 
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