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Abstract. In this paper, we have investigated the influence of growth-interruption during buffer layer 
growth on killer defect density in SiC epilayer grown over 4H-SiC (0001) substrates. We have 
observed that the growth-interruption method reduces total killer defect density by ~45(±5)%. 
Implementing growth-interruption in the buffer layer is a novel approach to mitigate epitaxial defects 
such as in-grown stacking faults (SFs), triangular defects, and basal plane dislocations (BPDs) in the 
drift layer and provide an extra margin to bipolar degradation by terminating BPDs early in the 
heavily doped buffer layer. The defect reduction mechanism in the presence of hydrogen has been 
simulated using Kinetic Monte Carlo (KMC) simulations. 

Introduction 
SiC demonstrates excellent physical properties for power devices; however, defects in the epitaxial 

layer have a detrimental impact on their performance. Although a 4° off-axis 4H-SiC (0001) epitaxial 
layers have shown improved quality, but they still fail to meet the requirements for high-voltage 
devices due to low yield [1-5]. In the SiC epitaxial layer, various morphological defects exist, 
including triangles, carrots, pits, step bunching, stacking faults (SFs), BPDs, and downfalls. These 
defects can be classified into two types: process-induced defects formed during the epitaxial process 
and extended defects propagating from the substrate. Previous studies have used growth interruption 
in the drift layer [6-8]. To reduce total killer defect density in the epitaxial layer, it’s essential to 
optimize the epitaxy growth process to prevent the propagation of BPDs and SFs into the drift layer. 
This study focuses on utilizing growth-interruption during the buffer layer to minimize the defects 
propagating from the substrate, as well as during the epitaxy growth process. The mechanism of 
defect reduction by hydrogen inclusion at the surface of the buffer layer during growth interruption 
and its subsequent interaction in growth has been investigated by Kinetic Monte Carlo (KMC) 
simulations. 
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Experiment 

We used 150 mm Si-face 4H-SiC (0001) n-type substrates (Cree, Inc.) with 4° off-oriented toward 
(112�0) for epitaxy growth. Processing was started with RCA cleaning to remove surface particles. 
The epitaxial growth was carried out using a single-wafer CVD reactor, PE1O8 (ASM International 
N.V.), with growth rate >50μm/hrs and doping concentration ~1 × 1016 𝑐𝑐𝑐𝑐−3. The source gases were 
trichlorosilane (HCl3Si) and ethylene (C2H4) with hydrogen (H2) as carrier gas. We kept the wafer in 
the reactor for the in-situ growth-interruption. We used KLA Candela 8520 for substrate and epitaxy 
defect inspection, FT-IR for the epitaxy thickness, Hg-CV for carrier concentration, and AFM for 
surface roughness measurement after epitaxy.  

Results and Discussion 

In this study, we have used four substrates for epitaxy growth viz. G1:W1, G2:W2 (without 
interruption), and IG1:W3, IG2:W4 (with interruption growth). Epitaxy was done in consecutive runs 
to minimize process variation related to the reactor. The temperature, pressure, and C/Si ratio were 
kept constant throughout these runs. Fig. 1(a) shows the temperature profile for the growth-
interruption process. The interruption temperature is slightly below the epitaxy growth temperature 
to minimize hydrogen etching. The epilayer thickness was measured at 32 points, with a 5 mm edge 
exclusion [Fig. 1(b)]. The results demonstrate that the uniformity across the wafer is better than 1.8%.  

 

 

Fig. 1. (a) Process sequence of the 4H-SiC epitaxy for growth interruption experiments. (b) Thickness 
measurement of the epilayer across (inset shows the measured points map) the wafer with 5 mm edge 
exclusion. The thickness uniformity is better than 1.8% across the wafer. 
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Fig. 2(a) and (b) show the defect scan maps without and with the interruption-growth, respectively. 
We observed a ~45 (±5)% reduction in total killer defect density compared to the growth without 
interruption [Fig. 2(c)]. This is attributed to the conversion of BPDs to TED due to growth-
interruption. To better understand how interrupting the growth of the buffer layer can reduce defect 
density, we used an additional SiC substrate from the same supplier. We assessed the roughness 
immediately after H2-etching at the growth temperature (G °C) and then at the interruption 
temperature (I °C) [Fig. 2(e)]. AFM scans reveal that the substrate exhibits a smoother surface  
(𝑅𝑅𝑞𝑞 ≤ 0.2 𝑛𝑛𝑐𝑐) measured at the interruption temperature "I" °C compared to H2-etching at drift layer 
growth temperature "G" °C (𝑅𝑅𝑞𝑞 ≥ 0.8 𝑛𝑛𝑐𝑐) on a 10 × 10 𝜇𝜇𝑐𝑐2 area. 
 

 

 
Fig. 2. Candela 8520 defect scan maps (a) without and (b) with interruption growth. (c) Defect density 
without and with the interruption growth. (d) High-resolution images (1.5 × 1.5 𝑐𝑐𝑐𝑐2) of typical SiC 
defects in different channels in Candela. (e) AFM images at the growth (G) and interruption (I) 
temperatures at the center of the substrate. (f) KMC simulations on the extension of SFs in the epilayer 
as a function of the thickness of the epitaxial layer. 
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This reduction in surface roughness leads to a decrease in surface free energy, which minimizes 
the disruption of intermolecular bonds and results in a significant reduction in defects during the 
subsequent growth of the second buffer layer. The mechanism of defect reduction by hydrogen (H) 
inclusion at the surface of the buffer layer during growth interruption and its subsequent interaction 
in growth has been investigated theoretically. We adopted the Kinetic Monte Carlo (KMC) 
simulations with a superlattice model [9] in which the neighboring atoms of the regular SiC lattice 
are considered part of the defective lattice, and vice versa. During the growth interruption process, it 
is assumed that H-atoms from the subsurface region diffuse into the epitaxial layer and can occupy 
in the defect sites due to the lower surface energy. When an H-atom occupies a defective lattice site, 
it prevents the formation of stacking faults (SFs) in that site. As the nearest neighbor to the defective 
site is the regular lattice, these atoms become part of the regular SiC lattice, limiting the extension of 
SFs. Figure 2(f) depicts the reduction in SF extension as the epitaxial layer thickness increases, with 
and without H-atoms. The results clearly show that the presence of H-atoms occupying potential SF 
extension sites can prevent the formation of SFs in the epitaxial layer. Both experimental and 
simulation results demonstrate that interrupting the growth process at an early stage during buffer 
growth significantly reduces defect density in the epilayer. We achieved a calculated epi-yield of 
>96.5% based on 2 × 2 𝑐𝑐𝑐𝑐2 die size. 

Conclusion 

In summary, growth interruption during buffer layer epitaxial growth for defect reduction in 4H-
SiC was successfully performed. This led to the significant reduction of total killer defect density by 
~45(±5)%. Moreover, we achieved defect-free usable area on a 150 mm substrate with a yield of 
>96.5% based on 2 × 2 𝑐𝑐𝑐𝑐2 die size. 

Acknowledgment 

This work was supported by A*STAR (Agency for Science, Technology and Research, Singapore) 
under Grant No. A20H9A0242. 

References 

[1] T. Kobayashi, K. Harada; Y. Kumagai, F. Oba, Y.-I. Matsushita, Native point defects  
and carbon clusters in 4H-SiC: A hybrid functional study, J. Appl. Phys. 125 (2019)  
125701. 

[2] S. Wei, Z. Yin, J. Bai, W. Xie, F. Qin, Y. Su, D. Wang, The structural and electronic  
properties of Carbon-related point defects on 4H-SiC (0001) surface, Appl. Surf. Sci. 582 (2022) 
152461. 

[3] F. Ren, J. C. Zolper, Wide energy bandgap electronic devices, World Scientific Publishing, 
Singapore, 2003. 

[4] T. Kimoto, J. A. Cooper, Fundamentals of Silicon Carbide Technology, Wiley, Singapore, 2014. 

[5] L. Zhao, Surface defects in 4H-SiC homoepitaxial layers, Nanotechnol. Precis. Eng. 3 (2020) 
229. 

[6] R. E. Stahlbush, B. L. VanMil, R. L. Myers-Ward, K-K. Lew, D. K. Gaskill, C. R. Eddy Jr., 
Basal plane dislocation reduction in 4H-SiC epitaxy by growth interruptions, Appl. Phys. Lett. 
94 (2009) 041916. 

 

30 Defects and Characteristics of SiC



 

[7] T. Rana, J. Wu, V. Pushkarav, I. Manning, A study of process interruptions during pre- and post-
buffer layer epitaxial growth for defect reduction in 4H SiC, ICSCRM (2023) 950. 

[8] X. Gong, T. Xie, F. Hu, P. Li, S. Ba, L. Wang, W. Zhu, High-quality 4H-SiC homogeneous 
epitaxy via homemade horizontal hot-wall reactor, Coatings 14 (2024) 911. 

[9] M. Camarda, A. L. Magna, F. L. Via, J. Comput. Phys. 227 (2007) 1075. 

Solid State Phenomena Vol. 376 31


