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ABSTRACT 

INTRODUCTION 

DESIGN AND THEORY 

 
Figure 1:  Schematic of the torsional sensor: a suspended 
beam is embedded into the racetrack resonator. The 
mechanical motion changes the transmission spectrum of 
the resonator. 
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Figure 2: The first fundamental mechanical mode of the 
beam with out-of-plane mode (a), (b) and in-plane mode. 
The dispersive and dissipative sensing mode both exist in 
the mode (a) and mode (b). It should be noted that the 
imbalance in the beam design is to avoid the flexural 
mechanical mode.  

 

Figure 3: The normalized transmission spectrum of the 
resonator as a function of the offset deformation and 
resonance wavelength.  

Figure 4: The normalized transmission as a function of 
offset deformation. The transmission coupling is due to the 
loss induced by the gap change with the wavelength 
coupling is due to the effective index change induced by the 
gap. 

FABRICATION PROCESSES 
The scanning electron microscope (SEM) graphs of the 

torsion sensor is shown in Fig. 5. The racetrack resonator 
with a footprint of 50 μm × 30 μm is fabricated on silicon-
on-insulator (SOI) wafer with structure layer thickness of 
220 nm. The actuator is patterned by deep UV lithography 
and etched by plasma dry etching. The waveguide is 
covered by a layer of SiO2 cladding (2 μm thick) which is 
deposited using plasma enhanced chemical vapor 
deposition (PECVD). In the release process, a 50-nm 
amorphous silicon layer is used as the hard mask to protect 
the structures not to be released. Then the buried-oxide 
layer is removed using HF-vapor with precise time control. 
The desired gap between the silicon beam and substrate can 
be achieved by precisely time control. A pair of grating 
coupler was used to couple light into and out of the device. 
The device is tested in a vacuum chamber with conditions 
of 10-6Pa. The vacuum conditions can be further improved 
by molecular pump. In our design, the condition is good 
enough to make the thermal mechanical noise resolved in 
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the power spectrum density. 

 

Figure 5: SEM images of the torsional sensor with a scale 
bar of 4 micrometers. 

RESULTS AND DISCUSSIONS 

  

 

Table 1: parameters that used in the simulation and figure 
plotted in the text. 

 

 

 

 

 

 

 
Figure 6: Thermal mechanical noise of the torsional 
sensor. 

CONCLUSIONS 
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