
IF2A.1.pdf POEM/IONT Technical Digest © OSA 2012

 Silicon Microdisk Resonator-Based Active Devices Using 
Embedded P-N Diodes 

 
Xiaomeng Sun, Linjie Zhou*, Jingya Xie, Zhi Zou, Liangjun Lu, Xinwan Li, and Jianping Chen 

State Key Laboratory of Advanced Optical Communication Systems and Networks 
Department of Electronic Engineering, Shanghai Jiao Tong University, Shanghai 200240, P. R. China 

*ljzhou@sjtu.edu.cn 
 

Abstract: We experimentally demonstrate microdisk resonator-based active devices using 
embedded p-n diodes. Transmission spectra with various forward and reverse biases reveal the 
microdisk resonances can be tuned with both blue- and red-shift.  
OCIS codes: (230.5750) Resonators; (230.2090) Electro-optical devices; (230.4110) Modulators 

Recently silicon-based microdisk devices have attracted much research interest. Compared to microring resonators, 
microdisk resonators possess high-Q whispering gallery modes (WGMs), useful in many applications. Up to date, 
multiple functions have been reported base on passive and active microdisk resonators, such as filters, buffers, 
modulators, and all-optical switches [1-4]. Here we experimentally demonstrate active microdisk resonators with p-n 
diodes embedded along the microdisk rim. The dynamic resonance tuning is achieved by inducing changes in the 
cavity refractive index using electro-optic effect with embedded p-n diodes. Such microdisk-based resonators can be 
used as high-speed and low-power optical modulators. 

Fig. 1(a) shows the schematic view of the microdisk resonator with an embedded p-n diode. The insets show 
the scanning electron microscopy (SEM) images of the microdisk resonator and the zoomed-in view of the coupling 
region before p-n diode fabrication. The p-n junction is positioned at the microdisk rim where the WGMs are 
localized. Upon forward- or reverse-biases of the p-n diode, the refractive index of the microdisk can decrease or 
increase, respectively. Fig. 1(b) and (c) show the transmission intensity and group delay spectra without active 
tuning. Two sets of WGMs can be observed in the spectra. At 1555.4 nm wavelength, the resonance linewidth is 
0.03 nm, corresponding to a quality (Q)-factor of 50,000 and group delay of ～110 ps. Fig. 1(d) and (e) show the 
transmission spectrum shift upon forward- and reverse-biases. At forward biases, free-carriers are injected across the 
junction, resulting in a blue-shift of the resonance. At 0.8 V, the resonance is blue-shifted by 0.06 nm with the 
extinction ratio reduced by 3 dB. In contrast, at reverse biases, free carriers are depleted near the junction, inducing a 
red-shift instead. At -3.5 V, the resonance is red-shifted by one resonance linewidth without significant change in 
extinction ratio.  

 
Fig. 1. (a) Schematic view of the active microdisk resonator. The insets show the SEM images of the passive microdisk 
resonator and zoom-in coupling region. (b) and (c) Transmission intensity and group delay spectra without tuning. (d) and 
(e) Transmission spectra tuning under various forward and reverse biases. 
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