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|^�pý�zÆí�DÈXÚ, Äu$§�À�Ú�\AC�¬���{, 3 Si(100) �.þ	òÑþÝ�
� 880 nm �X Ge �. æ^ X ��V¬û�!p©Eß�>º!�fåw�ºÚ1�u1Ì©OL�
Ù(�9
1Æ5�. ÿÁ(Jw«	ò Ge � X ��V¬û���p°� 273′′, L¡þ��o÷Ý� 0.24 nm,  ��Ý�
� 1.5 × 106 cm2. 3¿§e*ÿ�	ò Ge �����[1�u1, u1¸� u 1540 nm. L²)�� Si Ä Ge á
�äkûÐ�(¬�þ, �"3 Si Ä1>fì�¥��A^.

'�c: Ge, 	ò)�, UHV/CVD, 1�u1Ì

PACS: 81.15.Gh, 68.55.−a , 78.55.Ap

1 Ú ó

Ge á�duäk' Si á��p�>fÚ�
Ç[£Ç, � Ge ì�ó²�IO Si ó²oN�
`:, ¦�¤��5��p5U MOS ì���
�Àá��� [1,2]. ~§e, Si Ú Ge ��Y©O
� 1.17 eV Ú 0.67 eV. �Ä��Y°Ý¦� Ge ä
k' Si �`É�1ÆA5, X Ge 31nÏ&Å
ã 1.3—1.6 µm äk�Ð�áÂA5, ù�¤�Ù
31Ï&ì��¡uÐ�`³ [3−5]; ,��¡, d
u Ge ����.�m��.��é�, 3¿§e
=� 136 meV, ÄuU�U5ó§k�U¦ÙC�
O���Yá�, Ïd Ge ¤�7Äu1ì��O
Ã0� [6−9]; d	, du Ge � GaAs �¬���Ý
= 0.07%, Ge ��±�� Si �.þ	ò)�0 - 2
x��Ná��LÞ� [10,11], 3õ!p���U
>³Ú7Ä1>ü¡8¤��¡äkd3��
A^cµ. ¤±7Ä Ge á�´Cc���7Ä
É�	òá���.

, , d u Si Ú Ge � ¬ � � � � �, �
� 4.18%, 3 Si Äþ��	òX Ge á�òÚ\

�þ��� �, ¿¦L¡o÷ [12,13]. p� �
�ÝòO\ì�¦>6, ü$ì��5U; o÷�
L¡òO\ì����ó²JÝ. Ïd, ~� �
�ÝÚü$L¡o÷Ý¤�	ò)�p�þ Si
Ä Ge á��'�. Cc5, ÏL�À�Eâ�Ú\,
3 Si Äþ	òÑ
p�þX Ge á�. 8c3 Si
�.þ)� Ge á��Ì�ó²kn«: 1) |©
ìC� SiGe �À�ó² [14]; 2) Si ã/�.þ)
� Ge[15]; 3) $§ Ge �À�ó² [16]. Ù¥cü«
ó²'�E,, �)�á�LÞ�'�þ, Ø�
·Ü8¤ì��ï�, $§ Ge �À�Eâó²
'�{ü, LÞ��, á�L¡²�, ¤�8c Si �
.þ Ge á�)��Ì��{. ,Äu$§ Ge
�À�	ò� Si Ä Ge á� ��ÝE p, I�
O\Ì�ò»L§±?�Ú~� ��Ý, �´p
§ò»¬Úå Si-Ge p*Ñ [16,17]. �©��æ^
�pý�zÆí�DÈ�{3 Si �.þ)�p�
þ Ge á���
(J. ·�æ^$§�À�Ú�
\AC�¬�Eâ, 3 Si �.þ�	ò)� Ge á
�. )��á�L¡²�, ²þo÷Ý� 0.24 nm,
Bß ��Ý 1.5 × 106 cm−2.
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2 ¢ �

� ¬ ´ | ^ � p ý � z Æ í � �
È (UHV/CVD) XÚ���. XÚ��.ý�Ý�
� 1× 10−7 Pa, �k��pU>fû�¤ (RHEED)
� ¢�*ÿ)�L§. )�í�pX Si2H6

Ú GeH4. 100 mm N . Si(100) �. (>{Ç� 0.1—
1.2 Ω·cm) ²LIO RCA �W�D\)�¿, �
ú\9�.� 850◦C �± 30 min, �Ø�.��
f�/¤�'�)�L¡, 3dL§¥ý��±
3 5 × 10−6 Pa ±e. ���ü$�.§Ý�Ü·
��=�m©)�. �¬�(��: k3 750 ◦C
e)� 300 nm Si �À�, 2r§Ýü$� 350 ◦C
)�� 80 nm �$§ Ge �À�, ,�r§Ý,
� 630 ◦C, )� 220 nm �p§ Ge �, �X)� 3
�±Ï� SiGe/Ge AC�¬���, ��3�¬�
��þ)�� 880 nm � Ge 	ò�. ÏLp©E
ß�>º (HRTEM)!X ��V¬û� (DCXRD)!
�fåw�º (AFM) ! �@¡M�Ú1�u1
Ì (PL) é�¬�(�!L¡/mÚ1Æ5�?1

ÿÁL�.

3 (J�?Ø

�
©Û�¬�¬N�þ, (½�¬�¥ SiGe
� � | © ! A C Ú þ Ý � & E, · � ÿ � 
 �
¬ (004) ¡� X ��V¬û�~{�, Xã 1 ¤
«. lã¥Ø=�±�Ùw��. Si �¸ Ú Ge
��¸ , ��±w� SiGe/Ge �¬�õ?¥(¸,
`²�¬��.¡�ß, ±Ïþ!; Ge Ú SiGe û
�¸��p° (FWHM) ©O=� 273′′ Ú 307′′, L
²�¬äk�p�¬N�þ. (Ü Ge Ú SiGe û
�¸ �[ÜÚÄåÆ�[���¬¥ Ge É��
ÜAC� 0.13%, SiGe/Ge �¬�¥ SiGe ��÷|
©� 0.88!AC� 0.57%, SiGe Ú Ge �þÝ©O
� 14.3 nm Ú 8 nm. Ù¥, 	ò Ge �¥�ÜAC´
d Ge � Si �m�9)äXê��E¤�. 3 Si �
.þp§)� Ge ��, du Ge �9)äXê' Si
�, � Si/Ge ���ålp§e%�¿§�, Si �.
¬�Â �' Ge ��ú, é Ge ���)�Üå�
^{N
 Ge ¬��Â , u´3 Ge �¥�)
Ü
AC.

TEM ÿÁU
�\�*/L��¬¥AC
�¬�(�©Ù! �©Ù±9¬N�þ�&E,

ã 1 �¬� X ��V¬û�~{�

ã 2 �¬î�¡ TEM ×£ã

ã 3 Si �.þ LT-Ge á�� AFM L¡/mã

ã 2 ´�¬�î�¡ TEM ×£ã. �±�Ùw�
AC�¬�.¡�ß, ±Ïþ!, ¬N�þ�Ð; �
Ü©� �©Ù3 Si �.Ú$§ Ge �À��.
¡?, �þBß�p§ Ge �¥, ,B�p§ Ge
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�� �q� SiGe/Ge AC�¬�Ø�, ¦�B
ß� Ge 	ò�� �?�Ú~�, ùL²æ^$
§ Ge �À�, ¿(Ü SiGe/Ge AC�¬���´
~�	ò Ge � ��Ý�k��{. Ù�*Ån
kXeü�¡: ��¡3 Si �.þ	ò���G
$§ Ge �À� (lã 3 �±wÑ), du$§e)
�� Ge �:"��õ, �±º�Aå, ´uAåµ
þÚ ��v, ¤±¼�µþÝp� Ge �À�, �
�Yp§ Ge )�JøCquÓ�	ò�^�, å
���^ [18]; ,��¡, 3p§ Ge þ)��u
�.þÝ� SiGe ��, SiGe �É��½�Aå�
^, � �Bß� SiGe ��, ¬¦� ��¤�
½r ���©þ.��¬>�, ù«�^3AC
�¬�±Ï(����)�L§¥ØäE [19],
l~� ��Ý, ü$AC�¬�þ Ge 	ò�
� ��Ý. ÏdÏLù«�{�±k�Ø� �
�Ý�þDÂ, ~�	ò�� ��Ý, l¦	
ò)�Ñ5� Si Ä Ge á�äk�p�¬N�þ.

ã 4 ´�¬� AFM L¡/mã, �±w��¬L
¡�~²�, 1 µm × 1 µm �×£��e, L¡o÷
Ý RMS =� 0.24 nm.

ã 4 �¬� AFM L¡/mã

ã 5 �¬²zÆ@¡ØÓþÝ��L¡/m1Æw�ºã

� 
 ? � Ú ï Ä � ¬ �   � � Ý © Ù,
· � æ ^ z Æ @ ¡   � � { u ÿ � ¬ �  
� � Ý � �. ¢ � ¥ æ ^ M � � � ' � HF:
HNO3:CH3COOH:I2=10 ml:40 ml:100 ml:30 mg. ²

ØÓ�Ý@¡�� Ge á�L¡31Æw�ºe*
ÿ�(JXã 5 ¤«, ã¥�Þ¤�� �@¡�.

ã 5(a) ´rL��p§ Ge ÚAC�¬�Ñ@
¡K�p§ Ge ��L ¡ � �ì¡, du@ ¡�
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ã 6 �¬�¿§ PL Ì

��Ýép, �p�'é, ��Tp§ Ge �� 
��ÝA�u 108 cm−2. ã 5(b) ´L�p§ Ge @
¡� 800 nm ��L¡ ��ã, éØÓ«�ÿþ
(J?1²þ�� ��Ý�� 1.53 × 106 cm−2.
ã 5(c) ´L�p§ Ge @¡� 555nm ��L¡ 
��ì¡,  ��Ý�� 1.49 × 106 cm−2. d@¡
(JwÑ, �¬�þ Ge � ��Ý~�ü�êþ
?, @¡(JÚl TEM ã*ÿ��(J�ÎÜ. ù
?�Úy²æ^ SiGe/Ge AC�¬�����{
�±k�Ø�� ��þBß, ¦AC�¬�þ�

p§ Ge 	ò� ��Ý~�.

ã 6 w«
�¬ÚN÷á��¿§1�u1
Ì. u1¸ þ u 0.8 eV£éAÅ� 1540 nm¤
NC, A5gu Ge �����[u1. �N÷á�
�1�u1Ì�', ��¡, 	ò÷��u1Ì¸
 du÷�¥�ÜACÚå����Y°Ý�~
�u)ù£ [7], ,��¡, u1rÝdu���
Úm����~�Or [20]. T(J?�ÚL²
����¬äk�p�(¬�þ.

4 ( Ø

æ^ UHV/CVD ��, (Ü$§ Ge �À�Ú
�\AC�¬�Eâ, 3 Si �.þ	ò)�Ñp
�þ�þ Ge �. HCXRD, TEM ÿÁ(JL²)�
� Ge á�äkûÐ�¬N�þ, zÆ@¡ ��
{ÿ�	ò Ge á�� ��Ý=� 1.5× 106 cm2,
�AC�¬���e�p§ Ge �', ~�
ü�
êþ?; AFM ÿ� 1 µm× 1 µm ��SL¡o÷Ý
=� 0.24 nm, L¡²�. Tá�òk"A^u Si Ä
8¤p�>fÚ1>fì�.
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Epitaxial growth of thick Ge layers with low
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Abstract

Thick Ge epitaxial layers are grown on Si(001) substrates in the ultra-high vacuum chemical vapor deposition system by using

the method of low temperature buffer layer combining strained layer superlattices. The microstructure and the optical properties of the

Ge layers are characterized by double crystal X-ray diffraction, HRTEM, AFM and photoluminescence spectroscopy. The root-mean-

square surface roughness of the Ge epilayer with a thickness of 880nm is about 0.24 nm and the full-width-at-half maximum of the

Ge peak of the XRD profile is about 273′′. The etch pit density related to threading dislocations is less than 1.5 × 106 cm−2. The

direct band transition photoluminescence is observed at room temperature and the photoluminescence peak is located at 1540 nm. It is

indicated that the Ge epitaxial layer is of good quality and will be a promising material for Si-based optoelectronic devices

Keywords: Ge, epitaxial, UHVCVD, photoluminescence
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