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Abstract 

 
The aim of this research is to develop a combined polishing technology for Single-crystal SiC wafers, which is 
known to be difficult to process due to its high hardness. This paper proposes a combined polishing method 
based on converting SiC into a material with a relatively low hardness, and then polishing this material using 
abrasive particles with a higher hardness. The proposed polishing method uses either a photodissociation or an 
electrochemical technique to reduce the hardness of SiC. The effectiveness of the combined technique is 
experimentally demonstrated.  
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1. Introduction  

 
Single-crystal SiC (silicon carbide) is a 

semiconductor material comprising Si and C. The 
bandgap of single-crystal SiC is large at 3.2 eV, 
which is approximately three times that of the current 
mainstream Si semiconductor. It is therefore known 
as a 'wide-bandgap semiconductor'. Its thermal 
conductivity is three times that of silicon, and it 
exhibits good heat dissipation and heat resistance. 
These physical and electrical properties mean that 
SiC is attracting attention as a next-generation 
alternative to Si power devices, capable of greatly 
reducing power loss in devices such as inverters and 
converters [1]. Arai shows the importance of R&D of 
SiC semiconductor power devices and strategy 
towards their practical utilization [2]. Efforts are being 
made to expand the market by, for example, 
improving wafer quality and increasing wafer 
diameter. 

However, single-crystal SiC is extremely difficult 
to process. This is because with a Vickers hardness 
of 2500-3000 HV, it is second only to diamond, and it 
is chemically stable, being unaffected by common 
acids and alkalies. Mechanical specifications of single 
crystal SiC show the difficulty of SiC processing by 
trying mechanical polishing and chemical etching. In 
addition to its hardness, single-crystal SiC is 
extremely brittle, which makes wafer processing 
steps such as slicing, polishing and dicing, that are 
necessary for producing electronic devices, very 
difficult. 

 The present authors have conducted research 
into a complex machining technique for materials or 
shapes that are difficult to machine. The proposed 
technique combines multiple processing methods 
simultaneously or successively on the same machine 
using just one chuck. If this technique could be 
effectively applied to SiC wafers, it could contribute 
greatly to expanding the uses of this material. 

The aim of the present study is to develop a new 
complex machining technique that can achieve highly 
efficient polishing by first converting high-hardness 

single-crystal SiC into relatively low-hardness SiO2 
(800–1,000 HV, silica glass) [3], and then polishing 
the SiO2 using Al2O3 (900-1,550 HV), whose 
hardness is intermediate between SiC and SiO2. It is 
expected that this complex machining will have the 
effect of (1) highly efficient SiC wafer polishing, using 
advantage of low-hardness SiO2 can be removed 
faster than SiC with Al2O3, and (2) selective removal 
and slightly process-affected layer machining of SiC 
wafer, using advantage of the fact that high-hardness 
SiC is difficult to polish using the relatively low-
hardness Al2O3.  

This paper proposes two methods for converting 
SiC to SiO2, one using dissociation by exposure to 
ultraviolet light, the other using electrochemical 
machining (Anodic oxidation). A complex machining 
technique is then experimentally demonstrated. In 
addition, the possibility of monitoring the processing 
state is discussed. 

 
2. Single-crystal SiC surface oxidation methods 
 
2.1 Ultraviolet irradiation 

 
  R. Wash shows the bond dissociation energy 

for Si–C is approximately 90 kcal/mol [4]. This is 
equivalent to the energy of light with a wavelength of 
320 nm. Therefore, Si–C bonds can be dissociated 
by irradiating the SiC surface using light with a 
wavelength shorter than 320 nm. In this dissociative 
state, silicon reacts with oxygen in the atmosphere, or 
in water if a machining fluid is used, to form an SiO2 
layer. 

  The application of ultraviolet irradiation to 
combined polishing would make it possible to set the 
irradiation point or irradiation area relatively freely 
using optical components such as optical fibers, 
lenses, and masks. It would also make it possible to 
perform dry processing without the use of a 
machining fluid. 

  Figure 1 shows the experimental apparatus 
used in the UV irradiation method. The irradiated 
material was a 2-inch SiC wafer produced by 
TankeBlue Semiconductor Co. Ltd. The irradiated 
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surface was the Si face of the wafer. The UV light 
source was a deep UV lamp with a 500 W output. 
The lamp was guided using an optical fiber and 
shaped to a diameter of approximately 8 mm using a 
collimating lens before irradiating the wafer. The 
ability to irradiate the wafer with infrared light was 
added to the experimental apparatus in order to 
activate the irradiated region. The light source was a 
fiber laser with a wavelength of 1,060 nm and an 
output power of 25 W. Using a lens, the minimμm 
spot diameter was approximately 30 μm, but in this 
experiment, the light was defocused to a diameter of 
approximately 6 mm. Eight different irradiation times 
were set: 8 s, 15 s, 30 s, 1 min, 2 min, 4 min, 8 min, 
and 16 min. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Experimental apparatus in the UV irradiation method 
 

The ultraviolet and infrared light beams were 
rotated from the surface normal by 8° anticlockwise 
and 14° clockwise, respectively, in order to prevent 
reflected light from damaging the device. The 
processing was carried out in air atmosphere, and 
purified water was dropped onto the material surface. 
After the irradiation experiment, all wafer surfaces 
were observed under a microscope, but no great 
differences could be found relative to the unirradiated 
surface. Also, no changes in the depth direction could 
be observed. Therefore, after the wafers had been 
irradiated, they were analyzed using X-ray 
photoelectron spectroscopy (XPS) to confirm the 
existence of an oxide layer on the SiC surface.  

Figure 2 shows the measurement results after 
irradiation by ultraviolet light in water. This figure 
shows that Peak A, which indicates the existence of 
SiO2 can be seen, and its intensity increases with 
irradiation time. In order to determine the effect of the 
irradiation conditions on the amount of SiO2 produced, 
Fig. 3 shows temporal change in area of Peak A for 
different irradiation conditions. In the case of IR 
irradiation alone, Peak A does not exist, indicating 
that SiO2 was not formed. However, for all three 
conditions in which UV light was used, Peak A is 
present, and its area increases with irradiation time. 
The greatest increase occurs for UV irradiation in 
water. This is considered to be because irradiation 

with UV light causes the water to dissociate and 
produce highly oxidative hydroxyl radicals, which 
react with SiC after dissociation. For UV irradiation in 
air and combined UV/IR irradiation, the final peak 
areas are similar, but for combined irradiation, oxide 
formation begins at an earlier stage. The reason for 
this is unclear, but an increase in the oxygen diffusion 
rate with increasing SiC temperature is thought to 
have an influence.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Measurement results after irradiation by ultraviolet 
light in water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Temporal change of Peak “A” for different irradiation 
conditions 

 
 

2.2 Electrochemical machining 
 
  Electrochemical machining (ECM) is a 

processing method in which a tool is set up as a 
cathode and a workpiece as an anode, with an 
electrolyte-filled gap between the two, and a DC 
voltage is applied. While ECM usually applied for high 
efficiency (large removal volume) machining, Kurita et 
al. show the ECM can apply for precision machining 
(small removal volume) [5,6,7,8]. Applying this 
processing method to SiC can be expected to result 
in the formation of SiO2 on the surface. Figure 4 
shows a diagram of the experimental apparatus used 
in the ECM method. The apparatus allows a voltage 
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Electrolyte 10w% NaNO3 + Al2O3 (#1000 grain100g/l +
#3000 grain 100g/l)

Tool electrode 15mm Brass (1.76 cm2)

Rotation speed of electrode 1500 rpm

Polishing pressure 6.7 kPa

Rotation speed of wafer 40 rpm

ECM voltage 17 V 0 V

Machining sequence  5 min Porish without ECM after 55 min
Porish with ECM

to be applied to a cylindrical brass electrode placed 
opposite the Si surface of the wafer, with the gap 
between the two filled with conductive machining fluid. 
Figure 5 shows a wafer surface before and after ECM. 
The machining fluid used was a 10 wt% sodium 
nitrate solution with 100 g/l of #1000 alumina 
abrasive particles added to maintain the gap between 
the wafer and electrode. If there are abrasives 
between electrode and wafer, the gap can be kept 
over the size of abrasive. The electrolysis voltage 
was 17 V, and the processing time was 10 min. 
Removal of wafer material as a result of ECM could 
not be confirmed, but the surface of the wafer was 
found to brighten. The surface was analysed using 
XPS before and after processing to determine 
whether this bright layer was an oxide layer. As 
shown in Figure 6, for the post-ECM surface, there is 
a strong peak (indicated by A) associated with an 
oxide, and so the bright layer is an SiO2 film, which 
demonstrates that it is possible to generate an oxide 
film on the surface of single-crystal SiC using 
electrochemical machining (Anodic oxidation). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Experimental apparatus image in the ECM method 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Wafer surface before and after ECM 
 

 
3. Complex machining of single-crystal SiC 

 
In the previous section, it was shown that SiO2 

film formation is possible using both UV irradiation 
and ECM. This section describes an experiment 
aimed at polishing the oxide film using Al2O3 abrasive 
particles. However, because the oxide film formed by 
UV irradiation is not visible, complex machining was 
carried out only for the oxide film formed by ECM. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 XPS measurement results before and after ECM 

 
 
3.1 Experimental method for complex machining  
 

Figure 7 shows the experimental setup for 
complex machining. The main components of the 
experimental set up are the same as in Fig. 4. The 
polishing force applied to the wafer is adjusted using 
weights installed at the opposite end of the arm to 
which the electrode is attached.  
 The cross section of the processed wafer was 
measured using a confocal microscope, and the 
surface was measured using XPS. Table 1 shows the 
complex machining conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Experimental setup for complex machining 
 
 

Table 1 ECM and polishing complex machining condition 
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3.2 Experimental results for complex machining 
 
  Figure 8 shows the complex machining results 

for an ECM voltage of 17 V. In the region where the 
electrode moved, there is a mixture of brighter areas 
associated with ECM, as shown in Fig. 5, and areas 
that are the same shade as the wafer surface before 
processing. To confirm the processing state of the 
wafer, Figure 9 shows a surface profile along the red 
dotted line (α-α‘) in Fig. 8. The maximum depth 
obtained following 55 min of processing was 
approximately 15 μm. Hotta et al. polish single crystal 
SiC with CMP (Chemical mechanical polishing) [9]. 
The complex machining speed is 10–50 times larger 
than that achievable when polishing single-crystal 
SiC using colloidal silica, and shows that the complex 
machining method is highly efficient. The large 
variations in polishing depth seen in Fig. 8 are 
thought to be due to the following factors: a) the gap 
between the electrode and wafer was not uniform for 
reasons such as imprecise electrode and wafer 
installation (angular error was about 0.03deg) , b) the 
electrode rotation speed was not constant over the 
entire processed region, and so the removal rate 
differed between the outer and inner regions of the 
electrode, (c) in the case of polishing only, processing 
did not progress in the depth direction in regions 
where the SiC (the parent material) was exposed. 
Also, when the electrochemical machining voltage 
was 0 V, no bright regions were observed and the 
processing depth could not be measured. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 8 Complex machining results 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Surface profile along the red dotted line (α-α‘) in Fig. 7. 
 

4. Conclusions and future challenges 

 
This research proposed and studied a complex 
machining technique that combines a 
photodissociation or electrochemical method with 
mechanical polishing in order to achieve high-
efficiency polishing of single-crystal SiC. Both the 
photodissociation and ECM methods were confirmed 
to generate an SiO2 layer, which has a lower 
hardness than SiC. A polishing speed of 10–50 times 
that for conventional polishing was obtained as a 
result of carrying out complex machining using ECM 
and polishing with Al2O3 abrasive particles. Future 
challenges include increasing the oxidation efficiency, 
optimizing the balance between oxidation and 
polishing, reducing the surface roughness and 
improving the flatness, and developing improved 
methods for monitoring the processing state by 
measuring the current. 
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