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ABSTRACT 

A new type of resonance in silicon photonics is demonstrated, which is achieved by coupling between a 
continuum of TE slab modes to a discrete TM mode of a silicon ridge to create a single sharp resonance. Theoretical 
description of the phenomenon and experimental results are presented. 
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1. INTRODUCTION 

One of the most important building blocks of integrated photonics are optical resonators. These are crucial for 
many applications including wavelength filtering and routing, modulation, laser cavities, nonlinear optics as well 
as sensing. In silicon photonics, resonators are often based on rings, micro-disks or Fabry-Perot resonators. 
Recently, the alternative approach to realize resonators based on so-called bound states in the continuum (BICs) 
photonic structures has been explored [1]. These structures can exhibit a single resonance of infinite narrow 
linewidth over a broad wavelength range. In photonics, it has been shown that BIC can be formed by symmetry-
protected bound states, radiation cancellation from two or more coupled resonators or radiation cancellation from 
a single resonance such as in photonic crystal slabs, a low-index waveguide on a high-index membrane [2]. 

In this work, we present the first demonstration of a new resonance behavior, which is based on bound states 
in the continuum, in silicon photonics.  This resonance is achieved by coupling a continuum of un-bound TE modes 
in a single mode silicon slab into a single propagating TM mode of a ridge waveguide on the slab. 

2. THEORY 

Figure 1(a) illustrates the cross section of a thin-shallowly etched silicon photonic waveguide. It has been 
demonstrated in a such waveguide, that a TM guided mode will leak equally into TE slab mode propagating on 
both sides of the waveguide [as illustrated in Fig. 1(b)] due to TM/TE polarization coupling at the ridge walls [3]. 
The leakage TE slab mode propagates at a particular angle to the ridge. This angle is given by: 
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where 𝑛/0and 𝑛/1are the effective index of the TM guided mode and TE slab mode in the claddings, respectively. 
This phenomenon is called ‘lateral leakage’. The leakage loss rate depends on the geometry of the ridge and ridge 
width. At some ‘magic’ widths, the leakage can be resonantly cancelled due to destructive interference of the 
leakage from the two side walls, resulting in low loss TM mode [3, 4]. This leakage cancellation behavior can be 
considered as bound sate and the continuum [5]. 

When one considers the reserve process, where a broad TE beam is incident toward the ridge as illustrated in 
Fig. 1(c), it is expected that the TE beam will undergo some reflection due to the difference in refractive index 
between the slab and ridge regions. The calculated reflection as a function of the incident angle due to Fresnel 
reflection resulting from the refractive index difference is shown in Fig. 1(d), labelled ‘Background’. However, in 
this calculation, the TE/TM coupling at the ridge walls is ignored. To account for the TE/TM coupling, we used a 
full vectorial simulation based on mode-matching method to simulate the reflection and transmission when a TE 
slab mode was incident on the ridge. In Fig. 1(d), the curve labelled ‘Rigorous’ shows the reflection as a function 
of the incident angle from the rigorous simulation. When taking the TE/TM coupling into account, 100% reflection 
occurs at a certain angle at which the incident TE wave is phase-matched to the TM guided mode in the ridge. Far 
away from this phase-matching angle, the rigorously calculated reflection approaches the background Fresnel 
reflection. 

A similar behavior can be expected when the incident angle is fixed and one looks at the spectral response of 
the system. Figs. 1 (e) and (f) show the simulated transmission and reflection as functions of wavelength for 
different ridge widths, respectively. This behavior can be explained by the fact that the guided TM mode in the 
ridge and the incident TE slab mode can only be phase-matched at a particular wavelength since they have different 
dispersion characteristics. At this phase-matching wavelength, the TE slab mode couples strongly to TM mode in 
the ridge, resulting in 100% reflection. The reflection drops when moving away from this phase-matching 
wavelength. 



It is clear from the simulated spectral responses that the ridge behaves like a resonator to the TE beam with the 
spectral bandwidth depending on the ridge width. When the ridge approaches the ‘magic’ width, the bandwidth of 
the resonance decreases to zero. This behavior can also be considered as BIC [6]. 

 
 

Figure 1. (a) Schematic of the ridge cross-section; (b) Illustration TM mode of a ridge leaking to TE slab modes on either side; (c) 
Illustration of the reverse process, where the ridge is illuminated with a TE slab mode from one side; (d)  Reflection as a function of the 

incident angle for w = 0.6 µm; (e) and (f) Transmission and reflection as a function of wavelength for different ridge widths. 

 
Figure 2. Optical microscope image giving an overview of the whole ridge resonator test chip; (b) Measured transmission as a function of 

the wavelength. 

The full transfer function of an excitation beam on the ridge can be considered to be composed of the 
superposition of a background component (due to Fresnel reflections) and a resonance describing the gradual 
coupling of the TE beam into the TM bound mode and the reciprocal leakage of this energy back into the TE 
continuum. Using the temporal coupled mode theory approach, it is possible to derive a closed form expression 
enabling accurate prediction of the resonant spectral response of a beam reflection from a ridge based on 
propagation behavior of TM mode and the Fresnel coefficients of the ridge walls. The reflection coefficient of a 
TE beam on a ridge can be expressed as: 
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where r and t are the background Fresnel reflection and transmission coefficient of the non-resonant process, 
𝑛/0 + 𝑗𝑛/0A  is the complex effective index of the leakage TM mode. 



3. EXPERIMENT RESULTS 

As a proof of concept demonstration, we fabricated a system to launch a Gaussian beam at a ridge. The device 
was fabricated on a diced piece of SOI wafer with a 220-nm-thick Si guiding layer and a 3-µm-thick SiO2 buried 
oxide layer using electron beam lithography (EBL) and reactive ion etching (RIE). A 650 nm wide ridge was 
formed by partially etching 70 nm of the silicon layer. Parabolic reflectors were used to generate and collect broad 
TE beams. The device was interfaced to input/output optical fibers using grating couplers. Fig. 2(a) shows the 
optical microscope image of the fabricated device. 

To characterize the wavelength response of the resonator, a tunable C-band laser (Agilent 81600B) and an in-
built optical power detector (Agilent 81635A) were used to measure the transmitted power as a function of the 
wavelength. Fig. 2(b) shows the measured transmission as a function of wavelength. The transmission spectrum 
exhibits a broad envelope that is defined by the spectral efficiency of the grating couplers. When the ridge resonator 
is present, the device exhibits a single, sharp resonance over a broad wavelength range. The resonance has an 
extinction ratio of approximately 25 dB and a full width at half maximum of 2.95 nm, which corresponds to a Q-
factor of around 520, matching very well with the theoretical prediction. 

4. CONCLUSIONS 

In summary, we have demonstrated, to the best of our knowledge, the first demonstration of a new type of 
resonator on silicon photonics. The resonator is based on bound states in the continuum. It is formed by the 
coupling of the unbound TE mode in a slab to the guided TM mode in the ridge and coupling back into TE slab 
mode. The experimental results confirm the predicted behavior. 
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