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Abstract. Recent reports on the impact of elementary dislocations on device performance and 
reliability suggest not only micropipe defects but also dislocations should be reduced or eliminated 
perfectly. This paper presents bulk growth process for reduction of the dislocations, and quality of the 
crystals grown by the process. Etch pit density of the best crystals grown by the process was lower by 
three orders of magnitude than that of conventional crystals. Moreover, large diameter crystals (>2”) 
with low dislocation density were successfully grown by the process.  

Introduction 

There are strong expectations for ultra low loss high power electronic devices, which lead to energy 
saving, downsizing and cost-cutting in various electric systems, e.g. hybrid electric vehicles, 
dispersed power sources and so on. For decades, 4H silicon carbide (SiC) has been considered to be 
one of the promising semiconductor materials for next generation high power electronic devices, 
because the physical and electrical properties of 4H-SiC are more suitable for the power devices than 
those of conventional materials such as silicon [1,2]. However, real SiC power devices are very few at 
this moment. One of the biggest reasons may be attributed to quality of 4H-SiC single crystal 
substrates. Commercially available 4H-SiC substrates contain micropipes [3,4,5], a large density of 
elementary dislocations and some subgrain boundaries. Although huge efforts have been 
concentrated on reduction of the micropipes by SiC crystal growers for decades [6,7] (actually, 
micropipe density have been reduced gradually), reduction of the elementary dislocations is not still 
enough. In this study, I propose simple strategy and novel process for reduction of the dislocations to 
resolve concern about the crystal quality. 

Strategy for reduction of dislocations 

There are only two causes to generate the dislocations during the bulk SiC growth which is performed 
by means of sublimation [6,7,8] or high temperature CVD technique [9]. One is due to disturbances 
such as thermal stress, foreign inclusions and so on. The other is due to inheriting the dislocations 
from the dislocations exposed to the surface of a seed crystal. Therefore, our strategy to obtain grown 
crystals with low dislocation density in a reproducible fashion consists of preparing both good growth 
conditions without any disturbances and a high quality seed crystal with low dislocation density. As 
the growth conditions including crucible design have been already elaborated by many SiC growers 
for a long time from the standpoint of both experiments and simulations, it is not so difficult to 
achieve optimized growth conditions relatively shortly. In the meanwhile, there is no large high 
quality crystal for a seed crystal. One straightforward solution to the problem is to single out 
relatively higher quality crystals for seeds from the crystals that we grew in the past. This method, 
however, must take a huge amount of efforts and years to achieve large crystals with low density of 
the dislocations. Thus, we need another efficient solution to prepare high quality seeds.  
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Process for reduction of dislocations 

Here, I propose a novel process to prepare high quality hexagonal SiC {0001} seed crystals and to 
grow low dislocation density crystals on them, which is named “Repeated A-Face (RAF) growth 
process”. In this study, the RAF process was performed by the conventional sublimation technique. 

The process consists of sequent a-face growths (along <112
_

0> or <11
_

00>) and c-face growth (along 
c-axis) as follows [10]. 

Step 1: first a-face growth (along <112
_

0> or <11
_

00>) using a seed of {112
_

0} or {11
_

00} substrate 
sliced out from crude crystal. 

Step N (N=2,3,4,...): Nth a-face growth (along <11
_

00> or <112
_

0>) using a seed of {11
_

00} or {112
_

0} 
substrate sliced out from a-face growth ingot in the previous step (step N-1): seed surface orientation 
is perpendicular to both the previous step’s growth and <0001> directions. 
Step N+1: c-face growth using a RAF seed sliced from a-face growth ingot in the previous step (step 
N): surface orientation of the RAF seed is {0001} with several degrees off-axis. 

To simplify explanation, I here explain in the case of N=2 (Fig. 1), which N is a repeat count of 
a-face growth. In step 1, we can obtain crystal with high density of dislocations, which are inherited 
from the crude seed crystal, parallel to the growth direction [10]. In step 2, most of the dislocations 
are not exposed to a surface of second seed, because most of the dislocations exist perpendicular to 
the first a-face growth direction, i.e., parallel to the second seed surface. Therefore, the second a-face 
growth crystal inherits fewer dislocations, and we can obtain crystal with much lower dislocation 
density. In step 3, we have to eliminate stacking faults [11] due to a-face growth in the step 2 growth 
crystal. We can eliminate the stacking faults by c-face growth, because the stacking faults and partial 
dislocations accompanying them propagate only along c-plane. In addition, an offset angle of several 
degrees is to enhance the step flow growth and to prevent incorporation of foreign polytypes at the 
early stage of the growth [12,13]. 

Reduction of dislocations by RAF growth process 

In Fig. 2 optical micrographs taken from SiC substrates etched by molten KOH are shown. Fig. 2 (a) 
and (b) are from RAF-grown 4H-SiC (0001) 8° off and conventional 4H-SiC (0001) 8° off substrates, 
respectively. As clearly shown in the figure, RAF substrate has much fewer etch pits than 
conventional one. The categories and structures of the remaining dislocations in RAF substrates are 
detailed in Ref. [14]. Moreover, it was also found that there is no micropipe and subgrain boundary in 
the RAF substrate. These results prove that the RAF growth process is very effective to reduce the 
dislocations. Averaged etch pit density (EPD) was 75 cm-2 for the best RAF substrate (1.0 inch in 
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Fig. 1 Growth sequences of RAF growth process. 



 
 

 

c-face growth. The value is better than that of the conventional substrates (104~105 cm-2) by three 
orders of magnitude. Besides, the EPD decreases exponentially as the repeat count increases (Fig. 3). 
Although I believe that the RAF growth process with more repeat count of a-face growth than three 
enables us to achieve further less EPD and perfect dislocation-free crystals, they are not achieved at 
this point. I think that further more improvement in the growth conditions (especially in reduction of 
the thermal stress) will be needed to achieve the perfect dislocation-free crystals.  

Large-diameter RAF substrates 

There are two possible ways to obtain large diameter RAF substrate. One is to enlarge crystal 
diameter gradually by lateral growth during c-face growth on the small RAF seed. The other is to 
grow the crystal on a large RAF seed by double long a-face growth, because the diameter of {0001} 
seed is determined by the length of a-face growth crystals. In this study, the latter process was 
employed, because the former process requires relatively large radial temperature difference to 
enhance the lateral growth, and the thermal stress due to the large radial temperature difference might 
damage the crystal quality [15]. The photos of 3” RAF ingot, 3” and 2” RAF wafers obtained by the 
latter process are shown in Fig. 4. 

In Fig. 5 synchrotron monochromatic X-ray topographs taken from 2” RAF substrate and 1.2” 
conventional substrate are shown. As clearly shown in the figure, crystal quality of the RAF substrate 
is much more homogeneous and higher than that of conventional one. Moreover, enlarged images of  
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Fig. 2 Optical micrographs of surface of RAF (a) and conventional (b) substrates etched by 
molten KOH.  

(a) (b) 

Fig. 3 EPD reduction by the RAF growth process. 
EPD at repeat count of zero was obtained from 
original crude seed crystal. EPD at repeat count of 1, 
2, and 3 were obtained from 4H-SiC (0001) 8° off 
substrates sliced out from crystals with sequent 
growth of [11

_

00]�[0001
_

], [11
_

00]�[112
_

0]�[0001
_

], 
and [11

_

00]�[112
_

0]�[11
_

00]�[0001
_

], respectively. 



 
 

 

 
 
 
 

Fig. 6 Etch pit distribution map of 2” RAF 
substrate. Area of the each evaluation point is 
870 x 660 µm. Numbers in this map are sums of 
all types of etch pits observed in the each 
evaluation point. The ranges of etch pit density 
in the each point are also shown by color coding. 
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Fig. 5 Synchrotron X-ray 
topographs taken from RAF (a) 
and conventional (b) substrates 
by Berg-Barrette method in 112

_

8 
diffraction. Enlarged images from 
each framed rectangular in the 
topographs of whole wafers are 
shown in the bottom of figure. 

Fig. 4 Photos of RAF ingot (left), and RAF wafers (right)   



 
 

 

the topographs show the RAF substrate have much fewer dislocations and its networks than the 
conventional one. 

In Fig. 6 etch pit density distribution on the 2” RAF substrate is shown. The distribution map 
shows the values of the EPD are very small, and are less than 1000 cm-2 at almost every evaluation 
points. This result also proves that the quality of the large RAF substrate is very homogeneous and 
high. The averaged EPD calculated from these values was 250 cm-2, which is smaller than that of the 
conventional one by two orders of magnitude. Thus, the RAF growth process is applicable to obtain 
relatively large diameter crystals with low dislocation density. 

Summary 

Strategy and novel RAF growth process to reduce elementary dislocations as well as micropipes has 
been presented. Owing to the process, SiC substrates with lower dislocation densities were 
successfully grown. The crystal quality of the RAF substrate was confirmed by etching and X-ray 
topography. The EPD of RAF substrates was lower by two to three orders of magnitude, and X-ray 
topographs and etch pit distribution map also showed that the quality of RAF substrate have much 
more homogenous and higher than that of conventional one.  
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