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SiGe	ò��)��þ!|©����À�Si�)�§Ý�m�'X. ïÄL², 3	ò��¥Ge�

¹þ�32±2%; �Si�À�)�§Ý3400—500℃��S, SiGe	ò��þp, vk)� �Ñy. X

����9�fåw�ºKw«éA�1w�SiGe	ò�L¡�Si�À��)�§Ý�450℃, �A

�L¡o÷Ý=���15Å.
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1 Úó

B�(��Ge/Si�¬�½SiGeÜ7duÙ`

É�1>A5Cc5É�<���à
[1—5]

. 3SiÄ

þ)�SiGe	ò��Ï~��ÑGe�Si�m��¬

��� (4.2%), Ïdp�þSiGe	ò��Ï~kü«

�{)�: 1)3Si�.þ)�ØÓGe¹þ�FÝ�,

ÅìLÞ�¤I��Ge¹þ��. é��Ge¹þ�

30%�	ò��Ï~I���þ?�FÝ�
[6, 7]

; 2)

3SiÄ¡þk)�Si�À�, ÏL�À��Ø��5

5��$U"�¥%º�SiGe�Si�m���Aå,

��)�p�þ!Ã �SiGe	ò��8�
[8, 9]

. �

©ïÄ
3350—600℃)�§Ýe, �Si�À�)�

éSiGe	ò��þ�K�.

2 ¢�

¢�¤¦^��¬´Iá���Ævà�¥%

^©få	òEâ)�. �¬(�Xe: p. (001)Si

�. (UIO�W, ��3$Si6þe, L¡²800℃

p§��z?n, ����pU>fû�*ÿ�2×1

�L¡(���), k3700℃e)����Si; ,�

ü$§Ý)�Si�À�, þÝ�1000Å, )�§Ýl

350℃Cz�600℃. ��3ØÓ)�§Ý�Si�À�

þ)�SiGe	ò�.

p©EX��û�ÚÐ\�û�(¡Sû�)¢

�´3�®ÓÚË�I[¢�¿ûÑ�¢�Õ�

¤. ÿþëê�: X��Å��1.53684Å, \�d¿

AS = 0.1×1mm2; �Éd¿�50µm. p©Eû��

Si (SiGe) (004)é¡û�Ú (115)�é¡û�. ÀJSi

½SiGe(400)Ú (220)5ÿþ¡S¬�ëê.

3 (J9?Ø©Û

�
(½	ò�¥�¬�AC/µþ�¹9Ge3

	ò�¥�¹þ, b½du¬���Úå�¬�AC

��	ò��o�ÆC. é¡Ú�é¡X��~{

�ÿþ�±��	ò��²1uÚR�uL¡���

¬�ëêal Úav. ã1´;.� (004)Ú (115)~{

�. �±wÑ, z|X��~{��¹2���¸,

©OéA	òSiGe��Ú�.Si(½$§Si�À�)

��A¬�²¡�û�. |^X��ÄåÆnØ·�

�±lé¡Ú�é¡~{��[Ü��	ò��¡

SÚ¡{��¬�ëê, �L1.
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L 1 lp©EX��û�[Ü¼��Si1−xGex

�¬?Ò N1 N2 N3 N4 N5 N6

Si�À�)�§Ý 350℃ 400℃ 450℃ 500℃ 550℃ 600℃

av/Å 5.50665 5.50626 5.50468 5.50456 5.50653 5.50488

al/Å 5.50628 5.50654 5.50453 5.50668 5.50489 5.50587

¶þÝ(%) 97.6 96.2 95.8 96.7 98.0 99.4

o÷Ý/Å - 18.4 17.7 15.36 22.7 26.6

ã 1 ;.�SiGe	ò���p©Eû�ã

¢�éA(004)û�, ��éA(115)û�.

����{ü��{´|^úª�O. ¬Ná�

SiGe�¬�ëê�uSi�¬�ëê, ÏdSiGe(004)

û�AT3Si(004)û���>, ±Si�¬�ëê�I

O, =aSi = 5.43102Å, ù����û�Braggúª�

��
[7]

: av = 2λ/sin(θSi +ω), λ = 1.53684Å´\�X

��Å�, θSi ´Si(004)½ (115)�Bragg�. ÏL©

ÛO�, ��	ò��¡SÚ{��¬�ëê, 2�

âVerg½Æ�±��	ò��¥Ge|©��.

�Si�(004)û���34.4682◦ 5O�a
⊥
. lé

180◦ ü���é (004)Ú (115)û�¸�~{�ÿ

þL², Si1−xGex ��3Si��þ´î�²1��

(��)�). lþ¡�¬�ëê�í�, |^þãÿ

þ�¬�ëêÚe¡�úª�±�äko�ÆC!v

kAC (N¬á�)�SiGe���¬�ëê:

aSiGe = [(1−ν)/(1+ν)]av +[2ν/(1+ν)]al,

ª¥ν ´Poisson', Ù�´|^N¬Si�Ge?1�

5S���
[7]

. |^O����SiGe¬�ëê¿|^

²�úªaSiGe = 5.4309+0.200326x+0.026274x2, ·

��±��	ò��¥Ge�¹þ, 3¤ïÄ��¬,

ÙGe¹þþ�x =(32±2)%, l`²·�)��	

ò��|©´���.

©Û��á��¬�µþ�¹, 	ò���¬�

µþÝ�±ÏLeªO�¼�:

R =
al−a0

aSiGe−a0

,

a0 ´Si�¬�ëê. ¤k�¬¥	ò��¬�µþÝ

þ�C��¬�µþ�. ��¬¬�µþÝ�Si�À

�)�§Ý�'X�L1. 	ò��¥¹k��¬�

AC¤éA�Si�À��)�§Ý�450℃, ÙAC

����4%. lþ¡p©Eû��(J©Û��, Ó

��|©¥¬������ACUÏL	ò�¥��

 ���)º�, ù�b½��±ÏLe¡�¢�

?�Úy¢.

	ò��¡S¬�ëê��Ý�Czÿþ´

ÏLÐ\�¡Sû�&ÿ�
[10]

. UCÐ\��Ò

�±���½�Ýþ���¡S¬�ëê, ÿþ


SiGe(220)Ú (400)û�¸� �!rÝ�Ð\���

Cz. SiGe	ò����.�´0.27◦, �nØ�O�

�. lü�û�¡�ÿþ��, 	ò��¡S¬�ë

êa = b, ´;.�o�ÆC; l¢��±��	ò�

��AC�±©�3�«�µL¡«�, 3��L¡

±e�30Å��Ý, 	ò���AC:ì~��≈ 0,

ù´du	ò����í�>�.¡Úå�]!�!

L¡áN��ÏE¤�; .¡«�, lSi�À��þ,

AC�´:ì~��≈ 0, AC��Ý�30—150Å,

ù´du	ò����À��¬������. ØÓ

)�§ÝéL¡AC��þÝvkCz, �K�.¡

��þÝ. ¢�L¡�)�§Ý3400—500℃��S,

¥m���, 330—50Å��S. 3���ÌN«�,

	ò��w«��µþG�, ù�(J�þ¡�p©

Eû��ÿþ(J��.

ã 2 Si�À�ØÓ)�§Ýe�¬�TEMã�

ä¡ß�>ºû�(TEM)ïÄ¼�
	ò��

Ú$§Si�À�¥"��©Ù. ã2´ù
�¬�ä

¡TEMã�. �âéA�TEMã�Ú$§Si�)�

§Ý�'X, �±ò)�§Ýé"�K�©�4 �

��: (1)�)�§ÝGT > 550℃ (X�¬N5ÚN6),
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duSi1−xGex/SiÉ�(�¬���, �±�Ù*	

�SiGe�¥��� �, �ã¥�IP(�Þ). ù


�Þ�.¡²¡�Y���´60◦, ù´duþ��

��
ACµþ(�âþ¡�©Û, 	ò����.

�m�¬���Ý��1.45%, Ï�.Ø�)��

 ��	ò�þÝ�220Å). 	ò�¥"���Ý

�$§�À�)�§Ý~$~�; (2)�)�§Ý

GT = 500℃, �*ÿ��êA�Û�3$§�ÀSi�

¥� ��, ùL²Si�À�´��$UAC�µþ

¥%; (3)é�¬N3, �3Si�À��Si�.�m*

ÿ��
 ��, 3SiGe	ò�ÚSi�À��mvk

*ÿ�²w� ���/¤; (4) �Si�À��)�

§ÝGT < 400℃ (=�¬N1ÚN2), du2�)��

�$, )�.¡¥yÅL.©Ù. $§e�È�f÷

L¡��§*ÑÉ�³�, 2�)�ò¥ä, ���

f/©fÅ�.�.¡©Ù.

Ð\�X����ÿþ´3û�/ûÑ�¢�Õ

�¤�
[11]

. du¢��¬þÝ�, ·�vk*ÿ�

Kessig^«, Ïé�¬�þÝÚ.¡��(�vk

(½�(Ø, ��±ÏL©Û���¬L¡��(�

©Ù, ¤¼��²þL¡o÷Ý�^AFMÛÜ«�

*ÿ�(JÄ���. AFM*ÿ��¬L¡��i�

��ãY, ù
ãY�/¤´duSiGe/Si.¡þ�

� ��[£¤�. ²þL¡o÷Ý�Si�À�)�

§Ý�m�'X�L1. �±wÑ, L¡o÷Ý�)�

§ÝO\~$, 3)�§Ý�450℃����$�,

�15Å, �X)�§Ý?�ÚO\, o÷Ýqm©þ

,. =äk�²w��¬L¡éA�Si�À��)�

§Ý�450℃, ù�(Ø�þ¡�©Û��¬Ü.

4 (Ø

|^ÓÚË�X��p©Eû�!Ð\�û�

Ú��!�fåw�âÚ>fw�â�ÃãïÄ


SiGe	ò��)��þ!|©�À�Si)�§Ý�

m��6'X. ¤ïÄ�¬¥Ge�¹þþ�32±2%,

�SiGeA�´��¬�µþ� (98±2%); �Si�

À�)�§Ý3400—500℃��S, SiGe	ò��þ

p, vk)� �, L¡��²w, �AL¡�L¡o

÷Ý���15Å.
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Effects of Growth Temperature of Si Buffer Layer on Structure and

Composition in GeSi Epitaxy Layers on Si Wafer *
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3 (BSRF, Institute of High Energy Physics, CAS, Beijing 100049)

4 (Center fro Condense Matter Science, Taiwan University, Taipei)

Abstract This study systematically addresses the effect of temperature on the growth of SiGe compliant substrates.

The characteristics of the films were experimentally determined by various techniques, including high resolution X-ray

diffraction (HRXRD), surface diffraction, X-ray reflectivity with synchrotron radiation, transmission electron microscopy

(TEM) and atomic force microscopy (AFM). In the growth temperature range from 350—600℃, X-ray diffraction shows

that the film was strain relaxed with a Ge content of 32±2%, and TEM indicates that the film is free from dislocations

in the temperature range, 400—500℃. AFM reveals that the optimal temperature for the growth is 450℃, with a root

mean squared surface roughness of 15Å.

Key words high resolution X-ray diffraction with synchrotron radiation, buffer layer grown at low temperature, grown

temperature
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