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Abstract: We have developed a microwave-plasma CVD apparatus for depositing epitaxial 

diamond layers on the diamond substrates. We used Ib-type substrates and succeeded in 

depositing high-quality diamond epitaxial layers on these substrates, confirmed by 

measuring Raman shift spectra and the electrical characteristics of CVD layers using a Hall 

effect measuring instrument. However, the surface morphology of the deposited layers is not 

so good, as ascertained by Atomic Force Microprobe. We also measured impurity profiles in 

the CVD layers, using Secondary Ion Mass Spectroscopy. Moreover, we found an abrupt 

concentration difference of N impurity at the interface between the deposited layer and the 

substrate, showing that the concentration of N impurity is lower in the CVD layer than in 

the substrate. 
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�I����u����*N�=�
��v���

���5���ëí¬*�ë¿<%Z�u�h�

0.2-0.3 eV*+,��?
���ëí©ª*�N��

P ��G��*�.l,��õfë*ij
� CVD

«¬�5���v×�h�*�ìí©ªl�ëí©ª

�Á�v*hi 1.4 eV �¿<%Z�u�h=�
�

I"���� Ib���?��hi£*+���

��õfë�®N�1998�¯���
�¬���l

."½H��»¸»�¤¶Y�
��v�����°

�� 100 ppmß��ö=c��|
����®�¨©

�ij
�¬����.��-?�9"�ðl��.

��»¤¶Y
l�v���.��=Á���
�

���

/ 6B ���h«ó��PÑ��í��z<=���

í��ì�.��5���h«ó��PÑ��ì�

.,����±
��h«���t9<�£9/�

500k$§*v×ã�)·.�=�
�����á

l"�v×��×Ø�gá���

/²C �Bhu¿���í��z<=���500k

�ã�I��)·.�=�
�����o�¼5�t

9<�£*+"�v×�æ�l�×Ø�©ª
��

gá���

�t9<l�Á�l.��õfë*� CVD ¬

�¿����9"- 1�§�ì��=�
�����

/�*+����9"�r°<�>�*¤¶Y�

�.���,�¤¶Y#÷ø�¸¹��ó��P�M

ç¹d��.��ì�¿��=�Æ
�����/

�l��>�.¬m� CVD ¬�ijp�����û

vp���

ø���AFM�9ú_Mç�SIMS¥m�Bhu½

sv×�rs=³vT��l�®���
� CVD d

Z��_`«¬�<m=;º���

0

��

Q)R*STUV)W@A�XY

à��AFM�rsl��l����=�>�CVD«

¬�µ¶�øù�9/�.,����6T����

0 Â� 10 µm *ìp�\_ú� µm ß��/Ü"=

¹,�����?��åÊ
�¬Ä 0.6 µm ß��

CVD ¬�ijp�����?�¬��Ö©0"�,

�Ù¸�|vp����Ù¸�5���°��´h

�_�µB�hX�ijp��-��6T�����

rs�«�;º���

0 Â�10 µm*ìp�\_ú�µmß��/Ü"=
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¹,�����/��/ 2B#D��p��AFM6

l�¶·
�-�*+���N�|vp��Ù¸Y

�¤¹*+��dZ��_`�Ù¸Ý�j]����

6T����´h�_¤d*µjp����æ�l�

µ¶�gá���*6T���Ã5�´�<�


��´h�_�µB�hX�ijp�����*�.

�l�·¸
������/���·B�Z±�ó

��udZ��_`«¬= CVD * j��� �F

�_Ñ���%ìÑ��� ��´h�_.�B�h

X�ijp����¥l,����®��� �

0.05%��/�UH*+��l�?�´�<�«�

�gá����dZ��_`���«¬=�R��T

���¹º=��Àß=®��Ê,��.���9

/.�����½��¤¶Y¤d�Ë�½H�$~


������RBSB���_tv×�9"¥l,

����

0 / 8A�»b�dZ��_`���RBSB���_

tgw «u=�v��/ 8B�»b��¼a�dZ�

�_`���B���_tgw «u=���

�

��
�

��
�

��
�

��
�

��
�

�� ��� ��� ��� ��� ��� ��� ��� ���

1.0-MeV He,  =170°

0°-random

[100]-channeling

[110]-channeling

[111]-channeling

Y
i
e
l
d

 
(
c
o

u
n

t
s
)

Channel number (ch)

�

O

Fe,Ni

K,Ca

S,Cl

Si

Type Ib diamond(1)

(5.7x10
13

/cm
2

)

(2.7x10
13

/cm
2

)

(1.9x10
15

/cm
2

)
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1.0-MeV He, [100]-channeling

 = 170°

Ib(1)

Ib(2)

Ib(1)

Ib(3)

Ib(3)

IIa(1)

IIa(2)

Y
i
e
l
d

 
(
c
o
u

n
t
s
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Channel number (ch)

�

Type Ib and IIa diamond

O

Fe,Ni

K,Ca

S,Cl

Si

Zn,Ga

(1.3-1.4x10
15

/cm
2

)

(2.1-2.6x10
15

/cm
2

)

�8. A.  � ��E���Q� :b��[100]-,[110]-,[111]-n6!7�@��s|A.  B.�®:

b����®;a��[100]n6!7�@��s|A.
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0 RBS (Rutherford Backscattering Spectrometry) 

�� MeV `�Z�u�h� He Z&_=����·

p��Rutherford«;Mç�9"�îhÚ:Ê;�l

�«;�ù<Mçp�� HeZ&_Â���< He¤

d�Z�u�hgw «u=v×��í�*+��

�;��9"�Ël�½1 µm ß���p�z£�

�¤¶Y�¥�=v×*���v��He Z&_=ì

¾��\�Fh«
����r°��åÊ��·p�

�B���_t�n/í��9"r°<�ß�=�p

;��v×���-*���

0 � RBS v×��£¿ÀÀú Ù Á�ó�_�

gÂ³_�t9<D_Ã�I��Ê,����´�Ã

'}��¿À � 4.75 MeVÂ³_�t9<´�Ã=

W������-���-�Ä�2'�îhÚ9Z_�

¼5�B�_�h�v×ÄÖ��u�IJK Ùl�

¹,�Ê,�°��±��åÅ
��Æû� 5-6ü�

ú�_�ZÚ=}"®����?*D_=
����

/ 8A�B���RBSgw «u�¿À *v×


�-�*�.��øTÇý� NTT Y<�Ù�þëì

Ö�£È
���N��v×
��h�*+��/ 8A

�»b �Z��ìíìî jdZ��_`���9_

dÚgw «u�[100]-,[110]-,[111]-B���_tg

w «u*+����?�-��[100]��*+��

�gw «u� 100 ch $§øù�I���á���

�gw «u����É»¤dl�«;Mçp���

�Ê�yÚ*+��9_dÚgw «u� �.ËÅ

*+���B���_tgw «u�«;Mçp��

Ê�yÚ�ËÅ�þ&��>�´y_«���.�

.,����?
�����Ë±h �Ì7��Ø

�±h � 100 ch $§�|vp����±h �

 ��h¹Ël��¤dÆ�¤d�Í�ç�� �

���/��.��?�oìZ�u�h¬�B��

u�� ��U¥���á���º�±h ��Z�

u�hÆzÎ�Ï�HÆzÎ� 25=W,�¹�9/

.º¶�¤dl�Ê�yÚ�«;Mçp�����l

=Ðd.�Ñ=Í���Ò����*���?��

9"��±h ���=£×��� 150 ch $§�V

»�250 ch$§���\_*+���¥l��²��

300 ch$§�´�yÚ#´u�yÚ*+���340 

ch$§�Ó�  Ú�Ô�ÕuÖ�¸»*+���

£×*���
l-��B���_tgw «u=v

×��u����îhÚ:Ê;��¬
�§��-c

á���±h �Ö���Ö%
��.���Á�

l*+��������¸»���ÇU*�.��

Ë�$~
���¤¶Y*+���/�=�
�

���D�½��¤¶Y¸»�Ë�$~
���

��¥l�������×�N?�vv���=v

×
��>*+"�æ�l�¹ºÔÕ=Ø���9

"�Ë�$~
�����¸»� Â�ë¢��

��»¼*������±h � �p�Ë��

l�Ë$~¤d�Ëd��À¬�=Ò�����

*�����T7V»� 1.9Ó1015/cm2*+"�´�

yÚÂ��´u�yÚ� 2.7Ó1013/cm2*+"�Ó 

 ÚÔ�Õu�¶� 5.7Ó1013/cm2*+���Ò�

*���RBSv×��I���1¸»h¹Î��9�

Ï�p����/ 8A l�Á�l.9/��Ó� 

 Ú�Ô�Õu�9/.�áÙ�ÓÚ�¸»�â·�

½���Ë��$~
�����¥l�����

ìíìî j��=o���N�ÛÜ�
�Ó�ÇÝ

ÇÞ�* j���>*+��
l
���ÇU��

��ÛÜßà��v���.�9/*+���9

/�Ó¶�ßà�dZ��_`��Ë�l."ìÑ

��$~
�����9"�?�=á�
�´h�

_�µB�hX�ijp���*�.�l�·¸p�

��

0 / 8B � 3 º¶�»b ���¼º¶�¼a ���

[100]-B���_tv×
�rs=��gw «u*

+��¼a ����ìíìî j��u��»¤¶Y

��"ï�H=�>��H�âT� j��9"�o


���*+�������v���»H� 1 ppm

øù*+",»b����»¤¶Y�9�D¥�¥=ã

ä�����¬
�[��å¥æÁ.dZ��_`�

�*+���/l�¥l�9/�»b ���Ó� 

 Ú�Ô�ÕuÖ�¤¶Y����e��9"¨¢�

+�-���ç
.u�ì�¤¶YÑ�=�
����

¼a ���»b ���«¬��7Ë�$~
���

¤¶Y��.�-��#�"�l." �.1¸»�

Ë�$~
������Öá"�.������


�Ë�$~
���¤¶Y¸»�¹ºÔÕ�9

"� Â�ë¢*����»¼p���

0 �� RBS v×�rs�9"�Ë�ìÑ��$

~
���Ó¶¸»�¤¶Y�á�."�´h�_�

µB�hX�ijp��-�� AFM�v×rs��

���Ù¸*+��·¸
��������'®�

´h�_�µB�hX*+�l¹/l��/��®

«�TEM Ö�í°�9"rs�Ï�
�Ùl.W�

7�,�"�
�©z�èé��.�.��

SIMS�$�XY

SIMS¥m��/ 9��
�9/� Cs�9/.Ãë

Z&_îhÚ=ëZ�u�h�� keV�*ê>l��

��+·
�Ël�´h�_¤d=g���
.�

�}=~,�����N�g���p��¤d� 

U¥�É»*+���o�¤¶Y-½��v����

ëä�
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���é���BêB� 29���ëF���M%`

�#(-%���	
������ìb 	��./�

íó��¯#î ppm DïhB%`��)E�x�

��E��(� 9ðñ�
��./)�ò�l[�ª

���E���`�#�¢���� 5�
��./�

	������*E�ó�)íó 29���ëF�

ô�õ��B)�@��``(¢�������ÇF

�íó#ïhB�E%���/��E/`�#Éã�

)%�
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�
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MN�I*FG�H�IJ�KLO

+�,Ï�-�� .��/0M%1Æ���.$/

�AB%��d��02�3Æ(_%�

a ���
Md��02�ò�l[�*E�+�,Ï

�-�k1) 1333/cm �*6%2!�v)3��#

4�AB�E%�Ib	���ò�l[3��.CD4

(5#�E�A���65	
����!"��6�

�ed�-#77�8A$)@�E%�`B��`�

���	
��+�,Ï�-�#�)� .�#.E

`��{���E%�`�`��o��¿�[���

��.%½!�\"|F#�E`���|M%`�(

_C��&�����¯#�)$� .�#EE��

89,½!�\�02#8AE÷9)�(_%`��


���E%�Å��d��02�3�����¬

���# 10/cm�F��)E�(�A�������

�d��02�3��:��EBj�Ib	��!"�

�D@�4(5#�hC�A�� .�#.E`��
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���
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�E)EÉã<(��=����B���M%���
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