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Evaluation of 4H-SiC single crystals using the ultrasonic microspectroscopy technology�
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The ultrasonic microspectroscopy (UMS) technology was applied to evaluation of 4H-SiC single crystals.  We prepared six 
specimens with two (001)-plane substrates, two (11 0) -plane substrates, a (114) 7°off plane substrate, and a polyhedron block cut 
from crystal ingot grown by sublimation method.  Significant differences between measured and published velocities of bulk waves
and leaky surface acoustic waves were observed for all propagation directions and modes.  Using measured bulk wave velocities, 
we determined elastic constants and density of this crystal exhibiting a few percent differences from the published constants.  We 
suggested that this UMS technology had an ability to detect and evaluate the effects of the typical defects in SiC single crystals such 
as poly-type inclusions and micropipes.   
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Fig. 1. Angular dependences of LSAW velocity for 

(001) 4H-SiC single crystal specimen (#2) at 225 

MHz. 
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Table I. Measured and published bulk wave velocities for 4H-SiC single crystal. 
Mode Specimen Prop. Pol. Measured 

[m/s]
Published [4] 

[m/s]
Diff. 
[m/s]

Longitudinal Z-cut (#1) Z - 13242 13128 114
Y-cut (#4) Y - 12657 12491 166

38.47°X(#5) 38.47°X - 11989 11847 142
Shear Z-cut (#1) Z - 7220 7125 95

Y-cut (#4) Y X 7937 7793 144
Y-cut (#4) Y Z 7221 7127 94

38.47°X(#5) 38.47°X Y 7667 7542 125

� 38.47°X(#5) 38.47°X 90°Y 8628 8531 97
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Table II.  Comparison of measured and published 
constants of 4H-SiC single crystal. 
Constant  Meas. Pub. 

[4] 

Diff. 

[%] 

Elastic  c11
E 5.1475 5.01 2.74�

constant c12
E � 1.0995 1.11 -0.95�

[�1011 N/m2] c13
E � 0.5262 0.52 1.19�

 c33
E � 5.6346 5.53 1.89�

 c44
E 1.6751 1.63 2.77�

Density 

[kg/m3] 
� 3213.1 3211 0.07�
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