
 

 

Abstract 
We present a method to selectively excite resonances in 

microring resonators by using a pulley-coupling structure.  
Experimental results reveal only certain resonances are 
excited, due to the dispersions of coupling-coefficient and 
microring internal-loss. 

I.  INTRODUCTION  
Silicon-based photonic devices have been rapidly 

developed in recent years. The key components essential 
to multiple integrated systems have been demonstrated, 
including hybrid silicon lasers [1], filters [2-3], 
modulators [4], and photodetectors [5]. Among the 
various fundamental building blocks, microring 
resonators have attracted considerable research interest in 
a variety of applications because of its small size, high 
quality factor (Q-factor), and agile functionality in optical 
signal processing.  

To access the microring resonator, a straight 
waveguide with the same width with the ring waveguide 
is usually positioned in vicinity to form lateral evanescent 
coupling. Multiple resonances are excited by the access 
waveguide upon proper phase matching. At the output 
end, the transmission spectrum exhibits a sequence of 
nearly equally spaced resonance notches. The free-
spectral range (FSR) is inversely proportional to the 
microring radius. The notch depth is determined by the 
coupling condition. Upon critical coupling when the 
resonator internal loss is exactly balanced by the coupling, 
the resonance notch reaches the maximum extinction 
ratio (ER) [6], useful for notch filter applications. In this 
paper, we present a method to selectively excite 
resonances in microring resonators by using a pulley-
coupling structure. By selective excitation of resonances, 
the resonance notches could only be present in a certain 
spectral range, which effectively reduces the number of 
filtering bands in notch filters.  

We first present the experimental results of the pulley-
coupled microring resonators. Then we theoretically 
model the device, and by comparison of the modeling and 
experimental results, we deduce that the selective 
excitation is resulted from the wavelength dispersions of 
the coupling coefficient and the microring internal loss.  

II.  DEVICE STRUCTURE AND FABRICATION  
Fig. 1(a) shows the schematic drawing of the pulley-

coupled microring resonator. The bent waveguide is 

wrapped around the microring resonator so that the 
coupling is enhanced. The coupling length is Lc defined 
as the length of the arc wrapping around the microring. 

 
Fig. 1. (a) Schematic drawing of the pulley-coupled microring resonator. 
(b) SEM image of the pulley-coupled microring resonator. 

The device fabrication process begins with a silicon-
on-insulator (SOI) wafer with a top silicon layer of 220 
nm thick and a buried oxide layer of 2 m thick. Electron 
beam lithography (EBL) and inductively coupled plasma 
(ICP) etch were used to define the device. Grating 
couplers are used for input and output coupling with 
optical fibers. The grating  period is 620 nm and the etch 
depth is 100 nm. The grating trench width varies from 
0.08 m to 0.31 m with a step of 10 nm. Fig. 1(b) shows 
the scanning electron microscope (SEM) image of the 
fabricated pulley-coupled microring resonator. The 
waveguide width is 0.45 m and the gap is 0.2 m. The 
radius of microring is 10 m. The coupling length  Lc is  
10 m. 

III.  EXPERIMENTAL RESULTS AND ANALYSES  
We used an Agilent loss and dispersion analyzer 

(86038B) to characterize the devices. The transverse 
magnetic (TM) polarization (electric field perpendicular 
to the device plane) was measured. The black curve in 
Fig. 2(a) shows the experimental transmission spectrum 
of the pulley-coupled microring resonator. It can be 
clearly seen that the resonance notches are not uniform 
over the spectral range of measurement. Due to the 
wavelength dependence of the pulley-coupler coupling 
strength and the resonator loss, the resonance ER is first 
increased from 4 to 20 dB and then decreased to 7 dB 
with the increasing wavelength. The variation of ER is 
resulted from the selective excitation of resonances. Near 
the critical coupling at 1.576 m, the ER reaches the 
maximum of 20 dB.  
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Fig. 2. (a) Measured transmission spectrum of the pulley-coupled 
microring resonator with the coupling length  Lc = 10 μm. (b) Extracted 
transmission coefficient t and loss factor a versus wavelength. (c) 
Extracted effective mode index neff and group refractive index ng versus 
wavelength. 

We model the device to theoretically explain the 
experimental results. The optical power transmission 
function of the pulley-coupled microring resonator is 
given by [6] 
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where t is the coupler transmission coefficient, a is 
microring round-trip loss factor, 2 /effn    is the 
propagation constant of the microring waveguide,  is the 
wavelength, neff is the waveguide effective index, and L is 
the perimeter of the microring. It should be noted that , t, 
and a are all wavelength dependent. Resonance occurs 
when the wavelength satisfies effm n L  . Therefore, neff 
can be deduced from the resonance wavelength with a 
given m (estimated from simulation). t  and a  at a 
certain resonance wavelength can be extracted from the 
corresponding resonance linewidth (or Q-factor) and ER. 
From the multiple resonances, the dispersion of neff, t, and 
a can be obtained. The solid dots in Figs. 2(b) and (c) 
represent the extracted t, a, neff, and ng, where ng is the 
microring waveguide group refractive index, extracted by 
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. We fit neff, ng, and a using quadratic 

polynomial functions and t using a sinusoidal function as 
shown by the curves in Figs. 2(b) and (c). The fitted 
parameters and their dispersions were put back into Eq. 
(1) to calculate the optical power transmission response. 
The red curve in Fig. 2(a) is the reconstructed spectrum 
which is well fitted to the experimental result. The 
dispersion of the loss factor is 1/ 2.9da d m    . 

Around 1.576 m, the transmission coefficient is closest 
to the loss factor, leading to the deepest notch. In our 
microring resonator, the waveguide bending loss is the 
main source for the resonator internal loss at the longer 
wavelength side. The loss increases with wavelength 
because the TM mode of the ring waveguide is less 
confined when it approaches its cut-off wavelength. The 
coupling dispersion is determined by the coupling length 
[7]. A longer coupling length leads to a stronger 
dispersion. It should be noted that if the coupling and loss 
dispersion curves are crossed with large difference in 
their slopes, then it is possible to get only a single 
pronounced resonance notch while others are highly 
suppressed.    

IV.  CONCLUSIONS  
We presented a pulley-coupling structure to selectively 

excite resonances in a microring resonator. Experimental 
results revealed that resonance ER is a strong function of 
wavelength. With a theoretical model, we deduced the 
wavelength dispersions of the coupling coefficient and 
the resonator internal loss.  
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