
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Thermal oxidation assisted chemical mechanical polishing for low-loss 4H-SiC
integrated photonic devices

Shi, Xiaodong; Fan, Weichen; Yi, Ailun; Ou, Xin; Rottwitt, Karsten; Ou, Haiyan

Publication date:
2021

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Shi, X., Fan, W., Yi, A., Ou, X., Rottwitt, K., & Ou, H. (2021). Thermal oxidation assisted chemical mechanical
polishing for low-loss 4H-SiC integrated photonic devices. Abstract from 47

th
 Micro and Nano Engineering

Conference 2021, Turin, Italy.

https://orbit.dtu.dk/en/publications/4217fd8a-8bfd-4251-8252-e2ad72477b34


Thermal oxidation assisted chemical mechanical polishing for low-loss 4H-SiC 

integrated photonic devices 
 

Xiaodong Shi a, Weichen Fan a, Yaoqin Lu a, Ailun Yi b, Xin Ou b, Karsten Rottwitt a, Haiyan Ou a,*  

 
a DTU Fotonik, Technical University of Denmark, Lyngby, 2800, Denmark 

b State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and 

Information Technology, Chinese Academy of Sciences, Shanghai 200050, China 

*e-mail: haou@fotonik.dtu.dk  

 

4H-SiC becomes a promising material for integrated photonic platforms, thanks to its low material loss, large 

refractive index, and wide frequency transparency [1]. Low-loss 4H-SiC waveguides and devices can benefit 

many on-chip linear and nonlinear applications, for example, efficient all-optical signal processing and optical 

frequency comb generation. However, tightly confined light in the sub-micrometer-dimension waveguides 

suffers from large scattering loss, due to the surface roughness. Chemical mechanical polishing (CMP) is an 

effective way to smoothen the SiC surface. Diamond abrasive can polish SiC, but causes subsurface damages 

[2]. Adding strong oxidizing agents, such as H2O2 and KMnO4, into the soft abrasive slurry is widely used [3]. 

The SiC surface is firstly oxidized to soft SiO2, and then is polished during the CMP process. However, the 

oxidation rate of SiC by wet chemicals is quite low, and corrosive chemicals are dangerous and not 

environment-friendly. Plasma-assisted CMP and electro-CMP are also reported, but they require additional 

setups in the standard CMP machine [4, 5]. Here, we propose a thermal oxidation assisted CMP process to 

polish 4H-SiC without corrosive agents or hybrid setups. With the polished chip, we fabricate 4H-SiC 

microrings with much higher intrinsic quality factor. 

 

We start from a 4H-SiC-on-insulator (SiCOI) chip. The initial root mean square (RMS) roughness of the 4H-

SiCOI chip surface is measured to be 3.67nm by AFM, shown in Fig 1(a). First, the chip is thermally oxidized, 

and a thin SiO2 layer is generated on top. Then, the chip is mounted in the CMP machine, and is polished with 

colloidal silica slurry. It is noticed that the hardness of colloidal silica nanoparticles is higher than that of the 

SiO2 layer, so the SiO2 layer can be removed during the CMP process. After polishing, plenty of nanoparticles 

in the slurry are usually found to stick on the chip surface, which can usually be removed by the megasonic 

cleaning tool. The surface roughness of 4H-SiC is dramatically decreased to a RMS roughness of 0.51nm. We 

also find that the final roughness after the thermal oxidation assisted CMP depends on its initial roughness, so 

successive thermal oxidation assisted CMP processes are able to further reduce the roughness. Therefore, we 

run another two polishing processes using this chip, and the RMS roughness is successively decreased to 

0.23nm and 0.15nm, approaching the atomic level. The final surface morphology is shown in Fig 1(b). Using 

the initial and the polished 4H-SiCOI photonic chips, we fabricated optical microring resonators through the 

standard e-beam lithography process. The scanning electron microscope image of the device is shown in Fig 

2. We then characterized the resonance of the microrings. As shown in Fig 3, the full-width at half-maximum 

of the microring resonance is measured to be 219pm and 35pm for the initial and polished chips, corresponding 

to a total loaded quality factors of 7.2k and 44.9k, respectively. We also extract the intrinsic quality factors of 

them, which are 9.6k and 65.5k, corresponding to optical propagation loss of about 50dB/cm and 7.4dB/cm, 

respectively.  

 

In summary, we develop an environment-friendly thermal oxidation assisted CMP process for 4H-SiC. The 

surface roughness is significantly improved, enabling low-loss integrated photonic devices. The optical 

propagation loss in the 4H-SiC microring resonator is decreased by 7 times. 
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Figure 1. Atomic force microscopy images with 1µm×1µm measurement fields of (a) unpolished and (b) 

polished 4H-SiC chips.  

 

 
 

Figure 2. Scanning electron microscope image of the 4H-SiCOI optical microring resonator. 
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Figure 3. Transmittance of the optical microring resonators that are fabricated in the (a) unpolished and (b) 

polished 4H-SiCOI chips. 


