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Abstract 
Silicon carbide (SiC) is a reliable alternative semicon-

ductor to replace silicon (Si) in high-temperature elec-
tronics applications. To further improve the thermal per-
formance of SiC for certain niche applications, diamond 
is deposited as a heat dissipation layer due to its ultra-high 
thermal conductivity. In this paper, morphology, crystal-
linity, coverage, and thermal performance of microwave 
plasma chemical vapor deposited diamond on grooved 
4H-SiC substrate as a function of growth time was evalu-
ated. 

 
1. Introduction 

Silicon carbide (SiC) is one of the third generation of sem-
iconductor materials, which is slowly but steadily becoming 
a reliable alternative to silicon (Si) in high-temperature elec-
tronics applications, especially in electric vehicle [1-4]. De-
vices manufactured on SiC substrates have improved high 
power reliability and performance compared to Si- and sap-
phire-based devices. However, SiC based devices are still 
limited by their thermal management. As a result, diamond 
with an extremely high thermal conductivity (> 2000 W m-1 
K-1) has been listed by researchers as the best choice to ad-
dress this bottleneck. In order to improve the thermal perfor-
mance of SiC based devices, a new process of diamond film 
deposition on grooved 4H-SiC substrate by microwave 
plasma chemical vapor deposition (MPCVD) is proposed. 

 
2. Experimental and results 

Using the current mature SiC grooving process, 4H-SiC 
substrate with groove width of 100 μm and groove separation 
apart of 1 mm (Fig. 1). The cleaned 4H-SiC substrate is 
placed on a molybdenum sample holder located at the middle 
of the MPCVD chamber. Diamond was grown on carbon-ter-
minated surface of 4H-SiC substrate in CH4-H2-O2 gas mix-
ture by MPCVD system. In the process of diamond films dep-
osition, the chamber is operated at a constant working pres-
sure of 150 Torr, microwave power of 4 kW, substrate tem-
perature of 900℃  as measured with a two-color infrared 
thermometer, methane concentration of 6%, oxygen concen-
tration of 0.2%. The growth time is 10 h, 20 h, and 30 h. The 
deposited diamond was characterized by a field emission 
scanning electron microscope (SEM). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Schematics for diamond growth on surface and groove 
of 4H-SiC substrate. 
 
 

SEM micrographs of diamond growing on the grooved 4H-
SiC substrate for 10 h, 20 h and 30 h are presented in Fig. 2. 
These images were obtained in a secondary electron mode. 
The grooved regions are indicated as dotted color lines in the 
figure. With the shortest growth duration (10 h), diamond 
film covers fully of the surface of SiC but not the grooved 
region (Fig. 2a). An obvious gap at the grooved region (Fig. 
2b) can be revealed when it was observed under higher mag-
nification. As the growth time extended to 20 h, the gap get-
ting narrower (Fig 2d) with dedicated faceted polycrystalline 
grains of diamond (determined by Raman spectroscopy) al-
most fully covered the grooved region and surface of SiC as 
a continuous thin film. When the growth duration is further 
prolonged to 30 h, the grooved region is almost invisible (Fig. 
2f). This indicates that the diamond film is continuously 
grown on the surface of SiC and fully filled the groove. Based 
on the visual inspection from surface morphology, the rough-
ness increases as the duration of growth extended. The ther-
mal performance of test structure will be reported in the full 
manuscript. 
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Fig. 2 SEM micrographs of diamond grown at (a) 10 h, (c) 20 h and 
(e) 30 h on grooved 4H-SiC substrate. (b), (d) and (f) are partial en-
largements of (a), (c) and (e). The color dotted lines indicate the 
grooved regions. 
 
 
3. Conclusions 

Diamond films were deposited on grooved 4H-SiC sub-
strates by changing the growth time. The results showed that, 
after 10 h deposition, the diamond films have obvious height 
difference and obvious gap between the 4H-SiC substrate sur-
face and the groove. The gap gradually narrowed after 20 h 
growth and almost fully invisible after 30 h. Correlation be-
tween growth time, coverage of diamond film, crystallinity 
and thermal performance will be presented in the full manu-
script.  
 
Acknowledgements 

This work was financed by the Major Science and Technology 
Innovation Project of Shandong Province (Grant No 
2022CXGC010103). Corresponding author Yan Peng is grateful to 
the financial support for Tang Scholars Foundation. 
 
 
References 
[1] D. Nakamura, I. Gunjishima, S. Yamaguchi, et al., Nature 430 
(2004) 1009–1012. 
[2] S. Castelletto, B.C. Johnson, V. Ivady, et al., Nat. Mater. 13 
(2014) 151–156. 
[3] M. Widmann, Nat. Mater. 14 (2015) 164–168. 
[4] T. Iwasaki, W. Naruki, K. Tahara, et al., ACS Nano 11 (2017) 
1238–1245. 
 

 

- 78 -


