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Abstract— A new optical resonator featuring nearly 1 billion Q 
factor, the highest for any chip-based device, is reported. 
Fabrication uses only standard semiconductor processes, 
enabling precise size control and access to microwave-rate free-
spectral-range operation. 
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I.  INTRODUCTION 
High optical Q performance in microcavities depends upon 

use of low absorption dielectrics and fabrication of very 
smooth (low scattering) interfaces. For chip-compatible 
devices, silica has the lowest intrinsic material loss [1]. 
Microtoroid resonators combine this low material loss with a 
reflow technique in which surface tension is used to smooth 
lithographic and etch-related blemishes [2]. At the same time, 
reflow smoothing makes it very challenging to fabricate larger 
diameter UHQ resonators and likewise to leverage the full 
range of integration tools and devices available on silicon. The 
devices reported here attain ultra-high-Q performance using 
only conventional semiconductor processing methods on a 
silicon wafer. Moreover, the best Q performance occurs for 
diameters greater than 500 microns, a size range that is difficult 
to access using microtoroids on account of the limitations of 
the reflow process. Microcombs will benefit from such a 

combination of UHQ and larger diameter resonators 
(microwave-rate free-spectral-range) to create combs that are 
both efficient in turn-on power and that can be self-referenced 
[3]. Moreover, integrated reference cavities and ring 
gyroscopes are two other applications that can benefit from 
larger (1 − 50mm diameter) UHQ resonators. Fabrication 
control of the free-spectral range (FSR) to 1 : 20,000 is also 
demonstrated here, opening the possibility of precision 
repetition rate control in microcombs or precision spectral 
placement of modes in certain nonlinear oscillators [4, 5].  

II. RESONATOR DESIGN AND FABRICATION 
The resonator described here is motivated by earlier work 

in which a resonator having a distinctive wedge-shaped cross 
section was described [6]. In that work, the mode was isolated 
from the lithographic blemishes near the outer rim of the 
resonator by using a shallow wedge angle, resulting in Q 
factors as high as 50 million. In the current work, we have 
boosted the optical Q by about 20X beyond these earlier results 
through a combination of process improvements. The 
fabrication process begins with thermal oxide on silicon, 
followed by photo-lithography and oxide etching with buffered 
hydrofluoric acid. The oxide disk structures function as an etch 
mask for an isotropic XeF2 dry etch of the silicon. The final 
device is shown in figure 1. The wedge angle can be controlled 

Figure 1. (Left) Optical micrograph shows a top view of a 1mm diameter wedge resonator.  (Right) A scanning electron micrograph shows 
the side-view of a resonator. The insets give slightly magnified micrographs of resonators in which the wedge angle is 12 degrees (upper 
inset) and 27 degrees (lower inset). 



in the range from 10˚ to 30˚ as shown in the inset of the figure 
through adjustment of the photoresist adhesion using 
commercially available adhesion promoters. 

III. QUALITY FACTOR AND CONTROL OF FSR 
Intrinsic Q factor was obtained by measuring spectral line 

shapes using a tunable external cavity semiconductor laser. 
Coupling to the resonators relied upon an optical taper [7, 8]. 
For accurate calibration of the laser scan, a portion of the laser 
output was also monitored using a calibrated Mach-Zehnder 
interferometer having a free spectral range of 7.75 MHz. 
Figure 2 shows Q factor measurements for various resonator 
sizes and for two different wedge angles, 12˚ and 27 ˚. The 
inset in figure 2 shows a spectral scan obtained on a device 
having a record Q factor of 875 million. The Q factor for these 
new resonators is not only higher in an absolute sense than 
microtoroids, but it also accesses an important regime of 
resonator FSR that has not been possible using microtoroids. 
This range has become increasingly significant in applications 
like microcombs where self-referencing is important [3]. 
Beyond accessing this microwave rate FSR, the fabrication 
process allows for precision control of the FSR value as 
illustrated in figure 3. This allows for a high-level of repetition 
rate control in microcombs, and also access to stimulated 
Brillouin oscillation, where exact matching of the FSR to the 
Brillouin shift is necessary.  
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Figure 2. The measured Q factor plotted versus resonator diameter. 10μm 
oxide thickness is used for both of the wedge angles shown (12 ˚, 27˚). 
The inset shows a spectral scan for the case of a record Q factor of 875 
million. The sinusoidal curve accompanying the spectrum is a calibration 
scan performed using a fiber interferometer. 

Figure 3. The measured free spectral range (FSR) versus the target design-
value resonator diameter on a lithographic mask. The plot shows one device 
at each size and five different sizes. The rms variance is 2.4MHz. The inset 
shows the FSR data measured on four devices having the same target FSR. 
An improved variance of 0.45MHz is obtained. 
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