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A B S T R A C T   

In this work, 4H-SiC homoepitaxial layers were grown on 4◦off-axis substrates at different susceptor rotation 
speeds by using a hot-wall horizontal CVD reactor. The effect of different susceptor rotation speed on the quality 
of 4H-SiC epitaxial layers in terms of thickness, thickness uniformity, crystallinity, surface morphology and 
morphological defects was investigated via Fourier transform infrared spectroscopy (FTIR), high-resolution X-ray 
diffraction (XRD), atomic force microscopy (AFM), confocal differential interference contrast microscopy (CDIC), 
ultra-violet photo-luminescence spectroscopy (UV-PL), scanning electron microscopy (SEM), and micro-Raman 
spectroscopy, respectively. A flow field simulation was performed to explain the impact of susceptor rotation 
speed on the film deposition. The FTIR results suggested that the susceptor rotation speed could be an important 
factor to adjust thickness uniformity and deposition rate. The XRD patterns showed that crystallinity was in
dependent of the susceptor rotation speed. The surface morphology can be improved by changing the susceptor 
rotation speed. According to CDIC scans, the down-fall related defects were reduced through the increase in the 
susceptor rotation speed. The origin of down-fall related defects was interpreted by Raman spectroscopy and 
speculative models. To sum up, the susceptor rotation speed is a crucial factor in increasing growth rate and 
improving uniformity. Also, the faster susceptor rotation speed helps reduce the number of down-fall related 
defects in the hot-wall CVD reactor.   

1. Introduction 

Silicon carbide (SiC) is a very desirable semiconductor material that 
is extensively applied in high-power, high-temperature, and high- 
frequency electronic devices due to its unique characteristics[1–3]. 
SiC is recongnized to crystallize in nearly 250 different polytypes, the 
most common ones are the 2H, 3C, 4H, and 6H structures. Among those 
polytypes, 4H-SiC has the superior advantages in terms of electrical, 
physical and chemical properties, such as high electron saturation ve
locity, wide band-gap, easy-to-grow ingots at the reasonable rates, high 

power conversion efficiency, and outstanding thermal conductivity 
[4–7]. All these characteristics make 4H-SiC a preferrable material for 
next-generation high-voltage power devices[8,9]. Chemical vapor 
deposition (CVD) has recently become a common technology to grow 
4H-SiC epitaxial layers on homogeneous substrates owing to its film 
uniformity and controllable growth process. This method enables to 
realize the high-quality homoepitaxial growth of the drift layer on 
4H-SiC substrates in the power electronic devices with good surface 
morphology, preferable thickness uniformity, desirable dopant distri
bution, and excellent crystallinity, which are essential for the 
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development of high-performance power electronic devices[10–15]. 
It has been shown that 4H-SiC homoepitaxial growth can be carried 

out on the off-axis substrates in the “step-flow growth mode” so as to 
enhance polytype stability[16]. In addition, low-angle off-axis sub
strates (the off-axis angle with [0001] and [112( )0] directions is 4◦) 
are suitable for commercial homoepitaxial growth because of the 
following reasons. One is that it is conducive to reduce the cost of ma
terial, for example, more pieces of 4◦off-axis substrates can be sliced 
than those of larger off-axis angle substrates from the SiC ingots [17,18]. 
Another is that the basal plane dislocations (BPDs) on the substrate 
surface can be reduced by using 4◦off-axis substrates[19]. Besides the 
impact of the substrate during the growth, the use of chlorine-based gas 
[10,20] and in-situ etching[21] is beneficial for the fast growth of 
4H-SiC epi-layer with smooth surface and good uniformity on the 
off-axis substrate. It is found that C/Si ratio has a great influence on the 
crystallinity, growth rate, and surface roughness during the CVD 
epitaxial growth[22]. It has also been demonstrated that suitable Cl/Si 
ratio can suppress the 3C-inclusion[23], eliminate triangle defects[24] 
and exert impact on the surface mobility[25]. Various experiments on 
2-inch and 4-inch substrates have revealed that the surface morphology 
can be improved with an increase of growth temperature[26]. More
over, the aluminum dopant concentration during the growth on 3-inch 
substrates accounts for the gas flow state, rising with the increase in 
the hydrogen flow rate[27]. 

With the booming development of power devices and the enlarge
ment of SiC ingots in recent years, the large-size (the diameters of 
150 mm or more) 4H-SiC substrates have attracted a lot of attention 
from researchers, becoming the mainstream in the low-cost 
manufacturing of power appliances. For example, Masumoto et al.[28] 
produced epitaxial layers on 4H-SiC substrates with 150 mm diameters 
by using a CVD deposition system. In particular, the effect of the C/Si 
ratio on the surface morphology, surface defects density, and thickness 
and carrier concentration uniformity was studied. Li et al.[29] investi
gated the common surface defects in 4H-SiC homoepitaxial layers with 
150 mm diameters. According to the results, triangular defects were 
reduced with the increase in the growth temperature, and a 
step-bunching free epitaxial layer, on the other hand, was obtained by 
decreasing the growth temperature. Yu Saitoh et al.[30] have proposed 
the high-uniformity epitaxial growth mechanism to produce C-face 
4H-SiC epitaxial layers with 150 mm diameters by adjusting the growth 
parameters. Zhao et al.[31] used the 4◦off-axis 150 mm diameter sub
strates to form trenches for fabricating the super-junction power devices, 
and particular attention was paid to the influence of growth pressure 
and Cl/Si ratio on the epi-layer distribution in the trenches and the 
filling efficiency of CVD method. Since the size of the substrate gradually 
increased, the corresponding diameter of the CVD reactor needed to be 
expanded, which led to the uneven temperature and flow fields 
compared to a small-size reactor. Furthermore, the CVD homoepitaxial 
growth strongly relied on the high temperature reaction between the 
reactants and flow state in the CVD reactor[19,32–34]. In this case, 
parameters such as the inject gas flow ratio, and inject gas-flow rate that 
affect the flow field in the CVD reactor are important factors during the 
epitaxial growth process, especially for the substrates with large di
ameters like 150 mm or more. However, during the 4H-SiC growth 
process, a lot of studies mainly focus on epitaxial parameters such as 
growth temperature of reactor, cavity pressure, gas ratio of reactant, 
influence of the etching by carrier gas, and even substrate itself.To date, 
limited works have been conducted on the effect of susceptor rotation 
speed on the quality of epitaxial layer and its influence on flow field 
based on horizontal hot-wall CVD reactor. 

In view of the above, this work aims to systematically study the effect 
of the susceptor rotation speed on the quality of epitaxial layers grown 
on 150 mm 4◦off-axis 4H-SiC substrates via CVD method. Furthermore, 
a flow field simulation of the reactor has been built for better under
standing the influence of susceptor rotation speed on the film deposition. 
Based on the experimental results, epitaxial layer thickness, 

morphological defects, surface morphology, and crystallinity will be 
discussed. 

2. Experimental methods 

2.1. Apparatus and film deposition 

The 4H-SiC homoepitaxial layer was deposited in a low-pressure 
home-made horizontal hot-wall CVD reactor using a SiHCl3(Tri
chlorosilane,TCS) + C2H4 + H2 system. Fig. 1(a) displays a schematic 
diagram of the CVD apparatus, in which a graphite reaction chamber is 
surrounded by the insulation material inside a quartz tube. The quartz 
tube and induction coil have the double layers, and the hollow areas in 
their middles are filled with water as a coolant. The rotational susceptor 
which carries the 4H-SiC substrates at the center area of the down- 
graphite heater can be levitated and rotate by using H2 as the driving 
gas. In this gas-foil-rotation technology, the rotational speed of the 
substrate can be adjusted by changing the flow rate of H2. 

The n-type 4H-SiC substrates with diameter of 150 mm used in this 
work had Si-terminated (0001) faces with 4◦off-axes oriented toward 
the [112( )0] crystal direction. TCS and ethylene (C2H4) were intro
duced into the reactor as the Si and C sources, respectively. H2 served as 
the dilution, carrier, and etching gas. Before the reactor reached the 
growth temperature, the 4H-SiC substrate was etched in an H2 atmo
sphere for 10 min. Within the whole experiment, the H2 carrier flow rate 
and C/Si ratio were fixed at 120 slm and 1.2, respectively, under the 
chamber pressure of 75 Torr. The epitaxial growth lasted 30 min, and 
the growth temperature was fixed at 1610 ℃ in these experiments. 

2.2. Simulation setup 

The simulation model of the horizontal hot-wall CVD reactor can be 
seen in Fig. 1(b). The dimensions (length, height, and width) were 
exactly the same as those of the real apparatus displayed in Fig. 1(a). The 
professional software (COMSOL Multiphysics) was used in simulation. 
Fig. 1(b) depicts three groups of gas vents in the reactor. Two groups of 
side gas vents contained four vents on the left and right sides of the gas 
inlet area, and another group included fourteen vents located at the 
center of the gas inlet area. All three groups of vents had the same inlet 
velocity, and the outlet gas vent was under a zero pressure. In the reality, 
the amounts of C2H4 and TCS (in sccm) were negligible compared to that 
of H2 (in slm) in the total flow rate. For this reason, only H2 will be 
considered in the reactor domain during the simulation process. 

The simulation consisted in the qualitative analysis of the flow field 
state in the reactor. Therefore, for the model simplicity and the simu
lation convergence, it was assumed that: (1) the flow state was laminar, 
and the flow speed at the surface of the substrate was zero; (2) the flow 
field was considered to be in steady, isothermal and incompressible 
state; (3) the density, conductivity, and dynamic viscosity of the fluid 
were constant. According to these assumptions, the gas transport can be 
mathematically described by the Navier-Stokes equation and continuity 
equation[35], respectively, as follows: 

ρ（u • ∇）u = ∇ • [ − pI+ μ(∇u+(∇u)T
)]+ F (1)  

ρ∇ • (u) = 0 (2)  

where ρ is the gas density, u is the gas velocity, p is the pressure, μis the 
fluid dynamic viscosity, T is the temperature, and F is the volume force 
of the fluid. 

2.3. Characterization 

According to the above parameters, a total of four comparative 
epitaxial growth processes at different susceptor rotation speeds were 
conducted. The epitaxial layer thickness of all samples onto the 
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substrates was determined via Fourier transform infrared spectroscopy 
(FTIR, ThermoFisher Scientific). During the thickness measurement, the 
edge exclusion was 5 mm. Various characterization methods were then 
adopted for surface analysis. Among them, atomic force microscopy 
(AFM, Bruker) was applied to characterize the surface roughness and 
morphology. The crystal structures and crystallinity degrees were 
analyzed via high-resolution X-ray diffraction (XRD, Bruker AXS) using 
Cu Kα radiation (40 kV, 40 mA, λ = 1.54 Å) in the 2θ-ω scan range from 
5◦ to 65◦and by recording the omega rocking curves. Besides, confocal 
differential interference contrast microscopy (CDIC, Lasertec SICA88) 
was used to measure the morphological defect number. Ultra-violet 
photo-luminescence (UV-PL) spectroscopy and scanning electron mi
croscopy (SEM) were also employed to detect the defects. The micro- 
Raman spectroscopy analysis using a 532 nm green-diode laser 
(5 mW) was performed as well. 

3. Results and discussion 

3.1. Thickness 

The even distribution or good uniformity of a deposited film is 
important to produce high-quality epitaxial wafers. To obtain the in
formation about the 4H-SiC film distribution at different susceptor 
rotation speeds, the surface of each sample was examined via FTIR. In 
particular, 57 points were scanned inside the wafer to draw a thickness 
map, and two test lines (one perpendicular to the gas inlet direction and 
the other one parallel to it) were traced along the radial directions of the 
wafer through a total of 17 points, as shown in Fig. 2(a), to determine 
the radial distribution of the epitaxial wafer thickness. 

The average thickness and uniformity of the samples were assessed 
by using the mean value (x( )) and standard deviation/mean (σ/x) 
value of 17 points according to the formulae below: 

x =

∑17

i=1
xi

17
(3)  

σ
/

x(%) =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑17

i=1
(xi − x)2

16

√

x
(4) 

The corresponding results at different susceptor rotation speeds are 
plotted in Fig. 2(b). The average thickness increased from 14.77 µm to 
16.22 µm with the increase in susceptor rotation speed from 0 to 60 rpm. 
Since all samples had the same growth time, the average thickness 
represented the growth rate as well. Previous studies have reported that 
the relationship GR∝1/∂∝(ωP)1/2[36–40] stems from the boundary 
layer theory as mentioned above, where GR is the growth rate, ∂ is the 
thickness of the boundary layer, ω is the susceptor rotation speed, and P 
is the pressure in the reactor. It is noteworthy that though the pressure 
was fixed during the experiments, the growth rate was proportional to 
the susceptor rotation speed, which was in accordance with the data in 
Fig. 2(b). Besides the boundary theory, the susceptor was driven by the 
hydrogen gas at room temperature for rotation, and the volume of the 
gas increased with the increase of the rotational speed, which would 
have led to a slight decrease of the temperature inside the reactor 

Fig. 1. (a) Schematic diagram of the cross-section of the CVD apparatus; (b) structure of a horizontal hot-wall CVD reactor in simulation.  

Fig. 2. (a) 17 test points acquired for FTIR analysis; (b) average thickness and thickness uniformity for all samples.  
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chamber. A relatively low temperature upon the 4H-SiC film growth 
results in the high growth rate, and the impact of hydrogen etching on 
the film growth becomes weakened at lower temperatures[34,41]. In 
this case, the growth rate or thickness rises up with the increasing sus
ceptor rotation speed. Also, the worst thickness uniformity (23.16%) 
was enriched at the fixed susceptor (0 rpm), and the best thickness 
uniformity was 0.82% at 40 rpm, as shown in Fig. 2(b). Therefore, 
adjusting the susceptor rotation speed could be an approach to achieve 
the better thickness uniformity for the horizontal hot-wall CVD reactor. 

The thickness maps, radial thickness distributions, and simulation 
results at different rotational speed is shown in Fig. 3. As it can be seen 
from Fig. 3(a1) and 3(a2), the thickest deposition part on the substrate is 
the edge region near the gas inlet vent, and the film thickness has 
decreased from 22.44 µm to 9.01 µm along the gas flow direction. It has 
the linear growth profile from gas inlet vent to gas outlet vent without 
rotation of susceptor, which lead to the worst uniformity as mentioned 

above. In addition, the thickness along the horizontal direction exhibi
ted only a slight fluctuation. These phenomena can also be explained in 
the context of the boundary layer theory[38]. When the susceptor is kept 
stationary, the boundary layer thickness is minimal at the substrate edge 
near the gas inlet, and the diffusive flux of the reactants which directly 
impact on the deposition rate is inversely proportional to the boundary 
layer thickness. According to Fig. 3(a3), the stationary susceptor exerts 
no influence on the flow field and causes no flow disturbance on the 
surface of the substrate compared to other rotating susceptors. Under 
such conditions, the parts of the reactor, in which the diffusive fluxes of 
reactants are maximal and grant the strongest driving force for the 
surface reactions, correspond to the substrate edges closest to the gas 
inlet vent. 

In Fig. 3(b1)− 3(d1), the orange color denotes the thinner film on the 
edge of the wafer at the rotational speed of 20 rpm. The blue and dark 
green referring to a thicker film area appeared on the edge of the wafer 

Fig. 3. Thickness maps of the epitaxial wafers, 17 test-point thickness measurements and flow field simulation inside the reactor at the rotational speed of (a1-a3) 
0 rpm; (b1-b3) 20 rpm; (c1-c3) 40 rpm; (d1-d3) 60 rpm. 
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as the susceptor rotation speed increased. The thinner film areas cor
responding to light green, orange, yellow and red colors shrunk gradu
ally and moved toward the center of the wafer as the susceptor rotation 
speed reached 60 rpm. In Fig. 3(b2)− 3(d2), the radial distributions of 
the film thickness are displayed as the “∩ ”, “∼” and “∪” shapes at 20, 40 
and 60 rpm, respectively, and the edge of the wafer becomes thicker. In 
Fig. 3(b3)− 3(d3), the brighter color represents the higher flow rate 
region in the reactor. Once the susceptor rotation speed increased from 
20 to 60 rpm, the brighter color regions gradually moved from the edge 
to the center of susceptor and a sirwling turbulence gradually showed up 
above the susceptor. The flow speed at the edge of the wafer rose with 
the increase in the susceptor rotation speed. According to these simu
lation and experimental results, it is obvious that the increase of the 

susceptor rotation speed alters the flow field inside the reactor, and the 
flow speed is gradually enhanced from the edge toward the center of the 
wafer. Besides that, a growing flow speed difference between the edge 
and the center of the wafer with the scaling up susceptor rotation speed 
is the main reason that more and more reactants spread on the edge of 
the wafer. Based on the boundary layer theory, the higher flow velocity 
yields a thinner boundary layer[38]. Thus, the closer it is to the edge of 
the wafer, the higher the deposition rate, which is in accordance with 
Fig. 3(b2)− 3(d2). 

3.2. Crystallinity and morphology 

To confirm whether the susceptor rotation speed affects the 

Fig. 4. (a) Location of test points in the epitaxial wafer for XRD and AFM analysis; (b) XRD full-width patterns of the center area of 4H-SiC epitaxial wafer at various 
rotational speeds; (c) XRD rocking curve at test points 1–5 at various rotational speeds; (d) FWHMs, rocking curves and surface roughness values of 4H-SiC epitaxial 
wafer at various susceptor rotation speeds; (e) peak locations of the rocking curve at different susceptor rotation speeds. 
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crystallinity of the epitaxial film or not, the HRXRD analysis of the 
epitaxial wafer was afterward performed (see Fig. 4(a)). In particular, 
the full width was measured at the wafer center, and the rocking curve 
was acquired along the radial direction of the wafer at points 1–5 to 
further observe the influence of susceptor rotation speed on epitaxial 
wafer crystallinity. 

Fig. 4(b) and (c) depict the XRD patterns of the epitaxial film at 
different susceptor rotation speeds. Fig. 4(b) shows the typical XRD full- 
width scans in the range of 30◦to 40◦at the epitaxial wafer center. In all 
cases, the high-intensity diffraction peaks around 35.6◦were observed 
without any spurious peaks due to the 4◦off-axis epitaxial wafer 
diffraction from the (0004) plane of the high-quality 4H-SiC single 
crystal, which was similar to Ref.[42]. Fig. 4(c) depicts the rocking 
curves from 0 to 60 rpm along the radial direction of the epitaxial wafer, 
and those measured with a medium incident angle around 21.7◦(Fig. 4 
(e)) are the same as the typical XRD spectra of 4H-SiC single crystals 
[15]. In addition, Fig. 4(d) demonstrates the relationship between the 
full width at half-maximum (FWHM) value of the epitaxial wafer and the 
susceptor rotation speed. The higher FHWM values represented the 
worse quality of crystal, and the epitaxial wafer center at 0 rpm 
exhibited the smallest full-width FWHM value of 93.6″, thus proving the 
better crystallinity compared to other samples at different rotational 
speeds. The worst crystallinity (full-width FWHM = 324.8″) was ob
tained at the center of the epitaxial wafer at 40 rpm. Moreover, the 
rocking curve at these test points remained steady while changing the 
speed from 0 to 60 rpm. Earlier reports affirmed that crystal defect 
density, crystal strain in the substrate, and C/Si ratio have huge impact 
on epitaxial film’s FWHM value and thus crystallinity[22,43,44]. Based 
on above facts and results, although better crystallinity at wafer center 
of 0 rpm than other sample of speed, the crystallinity of whole wafer was 
almost independent of rotational speed within the experimental range. 

In order to confirm the surface quality of 4H-SiC epitaxial layers 
grown at different susceptor rotation speeds, the surface roughness (Ra) 
was measured at five monitoring points with a 5 µm x 5 µm area, as 
shown in Fig. 4(a). The surface roughness values of these five points can 
be seen in Table1, and the average values for 0 rpm, 20 rpm, 40 rpm and 
60 rpm are 0.2086 nm, 0.142 nm, 0.159 nm and 0.107 nm, respec
tively. Figs. S1(a)-S1(d) displayed the AFM images highlighting the 2D 
and 3D surface morphologies of the 4H-SiC films at the changing sus
ceptor rotation speed. 

On the whole, with the increase of the susceptor rotation speed in the 
experimental range, the value of surfaces roughness varied from 
0.2086 nm to 0.107 nm. Therefore, the above results indicated that, 
except for process paratmeters such as the growth temperature, C/Si 
ratio and in-situ etching[18,22,45,46], the surface morphology can be 
improved with the increase of susceptor rotation speed within the 
experimental range. 

3.3. Morphological defects 

The main morphological defects include particles, triangles, down
fall related defects (DF and DF triangles), and carrots[47]. The influence 
of the susceptor rotation speed on these defects can be seen in Fig. 5(a). 
Except for downfall related defects, the particle, triangle, and carrot 
defect are not sensitive to the effect of susceptor rotation speed. The 
particle defects are generally related to cleanliness of the substrate, 

reactor chamber, and environment of the laboratory room[48]. Since 
these factors remained almost unchanged in this study, there was no 
significant alteration in this kind of defects. The impact of susceptor 
rotation speed on the number of triangle defects was negligible as well. 
Triangle defects are mainly controlled or suppressed by other parame
ters such as growth temperature and C/Si ratio[29]. The carrot defects 
also exhibited no obvious variation with the change in the susceptor 
rotation speed. The origins of the carrot defects like threading screw 
dislocations and basal plane dislocations within the substrate have been 
reported in many researches[49,50]. An enormous decrease in carrot 
defect density can be obtained by optimizing the buffer layer and in-situ 
etching conditions prior to the epitaxial growth[51]. In this situation, 
the number of carrot defect largely depends on the quality of the sub
strate. Since the substrate and buffer layer during the experiments were 
processed from the same ingot and fixed parameters, the carrot defect 
data Fig. 5(a) were consistent with the earlier studies as mentioned 
above. 

Concerning the total downfall related defects (the sum of DF and DF 
triangles), their amount decreased with the increase of the rotational 
speed, as seen in Fig. 5(b). The total number of downfall related defect 
was 233,137,105, and 87 when the rotational speed at 0, 20, 40, and 
60 rpm, respectively. Besides, these DF related defects were randomly 
distributed at different susceptor rotation speeds (Fig. 5(c1)− 5(c4)). It 
is well known that multiple by-products are attached to the walls of the 
CVD reactor during the growth of 4H-SiC films[52]. Therefore, the 
mentioned surface defects could be associated to the unwanted 
by-products deposited inside the reactor and falling onto the wafer 
during the epitaxial process. Some by-products on the wafer formed DF 
defects and some generated DF-triangle defects. To clarify the origin of 
both downfall related defects, the SEM image of a DF-triangle defect and 
the UV-PL image of a DF defect (Figs. 6(a) and 6(c), respectively) were 
inspected. As shown in the SEM images in Figs. 6(a) and 6(b), the 
DF-triangle defect had a prominent triangular shape with a circular 
particle located at the apex of the triangle. The by-products fallen onto 
the wafer prevented the 4H-SiC step flow growth and formed the 
triangular region behind it[53]. According to previous studies, most 
by-products that cause the DF-triangle defects at the substrate/epilayer 
interface[53,54] precipitate onto the wafer at the initial stage of the 
growth. Since all experiments in this study were done conforming to the 
same procedure from the beginning to the susceptor rotation speed 
stabilization, this explained the irregular variety in DF-triangle defects 
with the increasing susceptor rotation speed. On the other hand, the 
UV-PL image of the DF defect (Fig. 6(c)) reveals a black dot which re
sembles the by-product directly hitting the thin film. Unlike those 
downfall products that form DF triangles at the earlier stage, these DF 
defects were introduced near the end of the growth process. The reason 
why the number of DF defects decreases with the increase in the sus
ceptor rotation speed will be discussed later. To further investigate the 
by-products that cause DF-triangle and DF defects, the Raman spec
troscopy measurement was conducted. The Raman spectra acquired at 
the 4H-SiC matrix, the DF-triangle dotted area, and the DF defect dotted 
zone are shown in Figs. 6(a) and 6(c). Fig. 6(d) displays the 
micro-Raman spectra collected in the mentioned points in the range 
between 650 and 1100 cm− 1, in which the peaks at 776.8, 776.98, 
797.9, 964.52, 972.3 and 973.5 cm− 1 were clearly distinguished. Ac
cording to the literature[55], the spectral bands at 776, 796 and 964 
correspond to the folded modes of the transverse optic branches (FTO 
(2/4) and (0)) and the longitudinal optical branch (FLO(0)) for 4 H-SiC, 
respectively. The features at 796 and 972 cm− 1 are ascribed to FTO(0) 
and FLO(0) related modes of 3C-SiC[55], respectively. Therefore, the 
dotted areas in the SEM and UV-PL images might be 3C-SiC crystal 
precipitates onto the wafer surface. 

The higher susceptor rotation speed of susceptor in the horizontal 
hot-wall CVD reactor seems to be beneficial for the DF defect reduction. 
Similar results were also demonstrated for the upper gas inlet, the hot 
wall, and the vertical CVD reactor[56]. The reduction of DF defects can 

Table 1 
RMS values for samples at different rotational speed.  

Rotational 
Speed (rpm) 

Up 
(nm) 

Left 
(nm) 

Right 
(nm) 

Center 
(nm) 

Down 
(nm) 

Average 
(nm) 

0  0.192  0.185  0.291  0.197  0.178  0.2086 
20  0.148  0.156  0.129  0.148  0.129  0.142 
40  0.127  0.167  0.246  0.123  0.132  0.159 
60  0.108  0.106  0.107  0.106  0.108  0.107  
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be explained in the context of two possible models. One model is shown 
in Fig. 7 whereby the rotating susceptor alters the flow field and creates 
a difference between the flow speeds on the wafer, thus causing a 
swirling turbulence as a protective shield above the surface of the wafer 
as mentioned in Fig. 3. This swirling interplays with the inlet gas to push 
out some 3C-SiC crystals outside the top of the wafer. When the sus
ceptor is kept stationary, it is highly likely that by-products or 3C-SiC 
crystals will directly hit the surface of the wafer, and the feasible DF 
defect content will be highest at the rotational speed of 0 rpm. Another 
possible explanation is that the fast gas flow along with the centrifugal 
force eliminate the particles that form the DF defects on the surface of 
the wafer[57]. The DF defect reduction can thus be achieved through the 
increase in the susceptor rotation speed from 0 to 60 rpm for the hori
zontal hot-wall CVD reactor during the deposition process. 

4. Conclusions 

In this work, 4H-SiC homoepitaxial layers were grown on 4◦off-axis 
substrates by using the hot-wall horizontal CVD reactor at four susceptor 
rotation speeds upon the film growth. The thickness, thickness unifor
mity, crystallinity, surface morphology and morphological defects of the 
4H-SiC homoepitaxial wafer under different susceptor rotation speeds 
were investigated via FTIR, XRD, AFM and CDIC, respectively. A flow 
field simulation was also performed to better understand the impact of 
susceptor rotation speed on the thickness variation of epitaxial wafer. It 
was found that the deposition rate or average thickness increases from 
14.77 µm to 16.22 µm as the susceptor rotation speed increase, and the 
closer was it to the edge of wafer the higher was the deposition rate. The 
layer thickness was more uniform from 23.16% to the lowest 0.82% 
when the growth was accompanied by the rotation of susceptor. The 
surface morphology can be improved by increase the rotation speed of 

Fig. 5. (a) Histogram reflecting the morphological defects at different rotational speeds of susceptor; (b) number of DF related defects at different rotational speeds of 
susceptor; (c1)-(c4) surface defect distribution within the epitaxial layer, including DF and DF-triangle defects at the rotational speeds of 0, 20, 40, and 60 rpm. 
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susceptor. However, the crystallinity was independent of the susceptor 
rotation speed. The number of morphological defects was obtained and 
analyzed as well. The result showed that only down fall related defects 
decreased with the increase of the susceptor rotation speed, and the 
number of down fall related defects reduced to 87 as the susceptor 
rotation speed reached to 60 rpm, whereas no remarkable difference 
was observed for other morphological defects at any susceptor rotation 
speed. The dotted area of DF related defects might be 3C-SiC fallen down 
onto the surface of the wafer. Besides, two possible reasons were pro
posed to explain the decrease in DF related defects. Therefore, whether 
the susceptor rotate or not, it has little effect on the crystallinity of 4H- 
SiC epitaxial layer based on above experiments. The rotational susceptor 
in the reactor is beneficial for obtain high uniformity and low surface 
roughness 4H-SiC epitaxial layer. Also, the susceptor rotation speed is a 
critical parameter to control the number of DF related defects. 
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