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|^ MOCVD Eâ3���Ý� 0.3◦ � c ¡7���.þ)�
��¿�, GaN ��, ¿æ^ß�>fw
�ºéá���þÚá�SÜ"�?1
©Û. ïÄuy��7���.þ	ò� GaN á�¥,  �3ål�
. 0.8 µm NC�þ�«, Ó� �SæÑy. Äuþãy�, JÑ
���.þ GaN á�¥ ���«Å�, )º

���.U
Jp GaN ¬N�þ��Ï.

'�c: GaN, ���., ß�>fw�º,  �

PACS: 61.72.Ff, 68.37.Lp

1 Ú ó

��1n���Ná���L, GaN á�3�
�Nì²!p§�õÇì�Úpª�Åì��¡
u�
���^, ´Cc51>fá�+��ï
Ä9:�� [1−3]. du GaN ü¬�.�¤�Lp,

8c�õê GaN á�´3Ù¦á���.þÏL
É�	ò)���{¼��, �.� GaN �m�¬
���Ú9���� GaN á�¥� ��Ý�~
p, ��� 108 − 1012/cm2[4].  �é GaN Äì�
�5UäkéõK¡K�, Ïd�céõ�é GaN

á��ïÄÑ´�7ü$ GaN á�¥� �êþ
Ðm� [5,6].

8cÌ6�ü$ ���{´î�	òL)
�Eâ (ELOG)[7], T�{Ï~¦^��z7½�
z7�>0���ù�á�, ÏLù��é �
�{	�^ü$ GaN á�¥� �êþ. duO
\1�!�¡�ÃõóS, ELOG Eâ�¤�L
p, Ø|uû�A^. �'�e, æ^���.�
±3ØO\óSE,Ý�Ä:þ¼�$ ��Ý

� GaN á�, Ïd¤��$, A^cµ2�. ���
.þ GaN á�� ��Ý$u~5�., `²�
��.þ GaN á�¥� ���«Å��UØÓ
u~5�.. 8c~5�.þ	ò� GaN ¥ �
�ïÄ'�õ [8,9], �´é���.þ)�� GaN

¥ ��«Å��ïÄ%é�.

�d, �©|^ß�>fw�º (TEM) é��
7���.þ)�� GaN ��¥� ��*	Ú
©Û, ?Ø���.þ GaN ¥ ���«Å�. ï
Äuy, 3ål�. 0.8 µm NC�3�� ��þ
�«�«�, � GaN ¥� �¥ySæÑy�
y�, þãy�y¢
���.þ GaN á�¥�
3ÕA� ���«Å�. (Üp©E X ��û�
¤ (HRXRD) ±9�~5�.þ GaN á��ÿÁ
(J�é', JÑ
���.þ GaN ¥ ��«
Å��Ün)º.

2 ¢ �

�©ïÄ� GaN ���¬´æ^ MOCVD
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E â 3 � � � Ý � 0.3◦ � 7 � � � . þ ) �
�, Ù ¥ 7 � � � . Ä ¡ � � � � � � (0001)

¡   � u (112̄0) ¡ 0.3◦, 3 ) � � L § ¥ ©
O ± NH3 Ú TEGa � � N  Ú Ga , Ù 6
þ © O � 5 slm/min, 100 µmol/min, � A ¿ Ø r
� 5.3 × 105 ps, ± H2 Ú N2 �·ÚíN��1
í. GaN 	ò���)�æ^üÚ)�{?1: Ä
k37���.þ3 950 ◦C ^�e)�� 150 nm

þ� AlN ¤Ø�, ,�ò§Ý,p� 1040 ◦C 	ò
)� 1.5 µm þ� GaN ��. ��'�, æ^�Óó
²^�3����7���.þ)�
 GaN ��.

TEM ¢ � � � Ä k ? 1 Å � ~ �, , �
3 Gatan 691 lf�1XÚþ^ 4.5 keV � Ar lf,

± 5◦ \��?1~�, æ^ Tecnai G2 F20 S-Twin

*	 TEM ã�, ó�>Ø� 160 kV. ÿÁ¥¤æ^
� HRXRD .Ò� Bruker D8 Discover, o¬üÚì
� Ge220.

3 (J�?Ø

3.1 ������777���������...þþþ GaN ���   ���aaa...

�
?Ø��7���.é GaN 	ò�¥
" � � Ý � K �, é � ¬ ? 1 
 TEM � ÿ Á.

ã 1(a), (b) Ú (c) ©O� GaN � [11̄00] ¬�NC
3 g = [0002], g = [112̄0] Ú g = [112̄2] û�¥þ

e�î�¡ TEM ã�. �â TEM û�é'Ý�
n¥ ���15Æ [10], �±�ä �a.. 3
�5��Ó5á�¥, éuÚ �, �� g · b = 0,

 ��ÝÒ��; éA �, LÓ�÷v g · b = 0
Ú g · b × u = 0, �ÝâU��, Ù¥ g �ö��
�¥þ, b �Ë�¥þ, u � ���m��. du
8�¬N(�� GaN ��, Ù (0001) Ä¡Ú¤k
��R����¡Ñ´�5é¡�¬¡, Ïd�
�â�Ý���â5�äù
¡S� �. �â
ù�OK, �ã¥äkÚ. �©þ� �3û�
¥þ g = [0002] ^�e�±wÑ, äkA. 
�©þ� �3û�¥þ g = [112̄0] ^�e�±
wÑ, �3 g = [0002] ^�Ñy� ��Ú �,

� 3g = [112̄0]^�eÑy� ��A �, 3ü
«�¹eÑÑy�´·Ü �. du´3�Ó 
�e?1�ØÓû�¥þ�ÿÁ, ¤±�±ÏL
ØÓ�û�¥þe ���Ý5(½á�¥� 
�a..

l ã 1 ¥ � ± w Ñ, Ï L 3 Ø Ó ¥ þ g =
[0002], g = [112̄0] Ú g = [112̄2] e� TEM ÿÁ,

uy���.þ	ò� GaN á�¥� ��Ü©
Ñ´äkA �©þ�·Ü �, X�Ú �é�.

��5`, 7���.þ)�� GaN Ñäk�é
p�A ��ÝÚ�$�Ú ��Ý, ù:Ú~5
�Ã��7���.þ)�� GaN ¥ �a.�
5ÆÄ��� [11].

ã 1 (a), (b) Ú (c) ©O���7���.þ GaN ��3 g = [0002], g = [112̄0] Ú g = [112̄2] �î�¡ TEM ã�

3.2 ������777���������...þþþ GaN ¥¥¥   ������888
¥¥¥���«««

��7���.þ GaN ���CL¡�«�

 ��Ý��, �þ� �3	ò�)��L§¥
�p/¤ ���«, vkò��á��º�.

c[*	ã 2 � TEM ã��±uyü� ��þ
�«�«�, ��´ål AlN ¤Ø� 100 nm Sk
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�þ �/¤ ��vkò�� GaN 	ò�, ù
:3 GaN �)�¥´�«ÊHy�, du��¤Ø
�� AlN 37���.þ´Uì 3D �)��ª
?1)��, �=� GaN )��du GaN �î�
)��Ç�¯, )��ªl 3D =� 2D, 3dL§
¥ ��þ�«,  ��Ý�þü$; ,	�� 
�8¥�«�«�´3ål�.�� 0.8 µm �«
�, ÏL1�� �8¥�««Bßþ5� ��
þ/¤4�, u)�«, ¦��Y	ò� GaN ��
¥�k�þ �ò��á�L¡.

0.2 mm

ã 2 [11̄00] ¬�NC g = [112̄0] ���7���.
þ GaN ¥ �8¥�«� TEM ã�

e¡?Ø���.þ GaN ¥ �Ñy�g�
««���Ï. du�.���Ý��3, �á�
)�����²1�ç� �±9�)����
3�½Y���� �¬Ó��3 [12], Xã 3 ¤
«. ü« ��X GaN á��)�Øä�þò�,

� GaN 	ò����½þÝ��ÿ, ü« ��
�, �) ��, u)�«,  ���?Ò´ �8
¥�«1�«�� �. lã¥�±wÑ,  �8
¥�«1�«�� ��¤Ø��m�ål h �
ü« ��m�må d ÷ve�'X:

tan θ =
d

h
, (1)

Ù¥, θ �ç� ���� ��m�Y�, ��.
����Ý��.

du �Ï~¬�)uü�¬âÜ¿��.
?, ¤±�.? ���Ý¬��puÙ¦«�.

b� GaN á�¥ ��¡�Ý� 1× 1010/cm2, K
 ����Ý� 1 × 105/cm. du>.?���

é�, �½>.? ����Ý� 1 × 106/cm, K
>.? ��²þmå� 0.01 µm, ²LO�, §
�¬3 GaN )�þÝ���� 1.9 µm �/¤ 
��,  �u)�«. ã 4 w«
 �u)�«�
 ��X ��ÝÚ�.���Ý�UCCz
��¹. á�¥ ���Ý�p�,  �u)�«
� ���C¤Ø�. ��.���Ý� 0.3◦, á
�� ��Ý� 1010—1011/cm2 �,  �u)�«
� �ål¤Ø�� 0.6—1.9 µm, ù�¢�¥ 
�8¥�««�ål�.�� 0.8 µm �y�Ä�
ÎÜ. O�(J�L², ��.����Ý���,

 �u)�«�1�«�� �ål¤Ø�Ò�
C. ����Ý�� 4◦, GaN á�¥ ��¡�Ý
� 1 × 1010/cm2 ��ÿ,  �u)�«�1�«�
� �ål¤Ø��u 150 nm, K ��«�ü�
«�ål�C, òÃ{*ÿ� GaN ¥Ñy ��g
�««��y�.

ã 3 R� ���� �u)�«�«¿ã

3.3 ��� ��� 777 ��� ��� ��� ... þþþ GaN ���     ��� SSS
æææyyy���

,	, l TEM �ã�þ�±uy3��7�
��.þ	ò� GaN ��3,
«� �¥yS
æÑy�y�, ¿� �åÅìÂ . lã 5 �±
é�Ù/w�, 3 GaN 	ò���ÛÜ«�Ä�v
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k �,  �'�8¥/Ñy3�
A½«�, ¿
�ù
«��OÑy. du �Ï~¬�)uü�
¬âÜ¿��.?, ù« �SæÑy¿ké�Ã
 �«���¹`²
3��7���.þ)�
� GaN äk�é���¬âº�, Ó�ù« �S
æ��¹�~k|u)��Ï ��8¥�«.

ã 4  �u)�«� ��X ��ÝÚ�.���Ý
�Cz�¹

� � � � �
ã 5 ��7���.þ)�� GaN 3 [11̄00] ¬�NC
� g = [0002] �� TEM ã�

3.4 ��� ��� 777 ��� ��� ��� ... þþþ GaN ¥¥¥     ���
��� TEM ÚÚÚ HRXRD '''���©©©ÛÛÛ

�
��[/?Ø��7���.þ	ò
� GaN ¥� �, ��é'·�æ^
 HRXRD

EâÓ�L�
 GaN ����þ. n� GaN �
�, û�¸�°Ý¬�~Ä, �´�i¬NS�þ
!ACÚ �©Ù�¬éû�¸k\°�^, Ù
¥,  �´E¤�¸° (FWHM) \°�Ì�Ï�.

Ïd, �±ÿþØÓ¬¡�~{�, �â~{
�� FWHM 5O�á�¥� ��Ý. GaN á
�¥ (002) ¡~{�� FWHM ��NÚ ��
Ý;  (102) ¡~{�� FWHM ��NA ��
Ý [13,14],  ��Ý�dXeúªO�:

ρ =
β2

4.36 · b2
. (2)

ùp, β �¤ÿû�¬¡� FWHM �lÝ�,

b � ��Ë�d¥þ, éuÚ � b = 0.5185 nm,

éuA � b = 0.3189 nm.

ã 6 ´��7���.þ GaN �� (002) ¡
Ú (102) ¡�~{�ã, �âã 6 �±(½
� � FWHM �, Ï L ú ª (2) � ± O � Ñ   �
�Ý, �ÑÚ ���Ý� 4.3 × 107/ cm2, A 
���Ý� 2.66 × 109/cm2, ¤±o� ��Ý
� 2.7× 109/cm2. ÏL TEM ÿÁ, uyá�¥� 
��Ý��� 1.6 × 109/cm2. d 3.2 !Ü©�?Ø
��, ��7���.þ GaN ¥� �k1��
8¥�«�«�,  HRXRD �ÿÁ(J´��n
Ü��J, �,éõ �3å�. 0.8 µm NC?�
«, �du X ��Bß�Ý��, ®²�«� �
�,é~{�k°z�^, E¤
 HRXRD �ÿ
þ(J �.

� � � � � � � � � � � � � � � ��� � � �� � � � �� � � � �� � � � �� � � � � 	 
 �� �� ����� � � ��� ����� � ! 	 " �  ! 	 " �	 � � � � # $ % & ' � � �
(( ) � ) � � � ) � � � ) � � � � � � � � � ��� � �� � �� � �� � � 	 * �	 � � � � # $ % & ' � � +

(( )
ã 6 ��7���.þ GaN �� (002) ¡ (a) Ú (102) ¡ (b) �~{�ã
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3.5 ������777���������...������������777���������...
þþþ GaN ¥¥¥   ������ HRXRD '''���©©©ÛÛÛ

ã 7 ´���7���.þ GaN �� (002) ¡
Ú (102) ¡�~{�ã, O���Ú ���Ý
� 8.3× 107/cm2, A ���Ý� 4.61× 109/cm2,

¤±o� ��Ý� 4.7 × 109/cm2. HRXRD �
ÿÁÚO�(JL²��7���.þ GaN ��
¥� �êþ$u����.. �Ä����.
þ GaN ¥ ���g�«�y�±9®²�«�
 ��,é~{��°z�^, ¢S¥���.
é GaN ¥ �êþ�ü$�Jò¬�~�*.

� � � � � � � � � � � � � � � � � � � � � � � ��� � � �� � � � �� � � � �� � � � � 	 
 �	 � � � � �  � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � ��� � �� � �� � �� � � 	 � �	 � � � � � � � � � � � � � � �� �� !"#$% & ' ( 	 ) �� �� !"#$% & ' ( 	 ) �
ã 7 ���7���.þ GaN �� (002) ¡ (a) Ú (102) ¡ (b) �~{�ã

4 ( Ø

�©æ^ MOCVD Eâ3  0.3◦ ��� c

¡7���.þ)� GaN ��, |^ TEM ïÄ

 GaN á�� �A�. uy3ål�. 0.8 µm

NC�3�� ��þ�«�«�, � GaN ¥�

 �¥ySæÑy�y�. JÑ
���.þ GaN

á�SÜR� ���� ��m�p�^��
 ��«�Å�, �Ð/)º
���.ü$ GaN

á�¥ �êþ��Ï, HRXRD ÿÁ(J±9�
~5�.þ GaN á��é'|±¤JÑ�)º.
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TEM study of GaN films on vicinal sapphire (0001)
substrates by MOCVD∗

Lin Zhi-Yu† Zhang Jin-Cheng Xu Sheng-Rui Lv Ling Liu Zi-Yang Ma Jun-Cai

Xue Xiao-Yong Xue Jun-Shuai Hao Yue

( Key Laboratory of Wide Band Gap Semiconductor Materials and Devices, School of Microelectronics , Xidian University, Xi’an 710071, China )

( Received 23 November 2011; revised manuscript received 20 March 2012 )

Abstract

Quality properties and internal defects of unintentionally doped GaN films grown on 0.3◦ vicinal sapphire (0001) substrates by

MOCVD are investigated by TEM. The results show that plenty of dislocations in the GaN films prepared on vicinal sapphire substrates

are annihilated in the areas with a distance of 0.8 µm away from substrates, and that dislocations gather in the GaN films. Based on

these phenomena, a mechanism for dislocation annihilation in the GaN film prepared on vicinal substrate is proposed, which is capable

of explaining the fact that vicinal substrates are able to improve the qualities of GaN films.

Keywords: GaN, vicinal substrate, TEM, dislocation
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