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�©æ^^�í�{, �.§Ý 500 ◦C e37�.þ©O��äk Ge Wî�� a-Si/Ge ��Ú a-Si ��, ¿
?1�Yò», æ^ Raman 1Ì!X ��û�!�fåw�º9|u�×£>º�é¤����¬?1(�L�.

(JL², Ge kp��¬7¬z��^, ¿�Ñ±e�(Ø: �.§Ý� 500 ◦C �)�� a-Si/Ge ��, ² 600 ◦C

ò» 5 h Ge p��¬7���¬zÇ� 44%, 3�Ó�ò»�meò»§ÝJp� 700 ◦C, ¬zÇ� 54%. �Ó^
�e,Ã Ge Wî�� a-Si ��² 800 ◦C ò» 5 h ��¢y¬z, ¬zÇ� 46%. ÏL Ge Wî�p�¬z�¦3�
Ó�^�e)���¬7¬���¬z§Ýü$� 200 ◦C. Ge p�¬zõ¬ Si ��3 Si(200) ��äkpÝJ`
��, �3d��éA�¬âº��� 76 nm. ÏL Ge p�¬z��õ¬ Si ��k"¤���p�þõ¬ Si ��
��^k�å».

'�c: õ¬7��, �¬7, p�¬z

PACS: 81.05.Gc, 68.55.ag, 68.37.Og

1 Ú ó

õ¬7�� [1−4] Ó�äkü¬7p[£Ç!
1ì½5 [5] 9�¬7�¡È$¤��� [6] �
`:, 3����U>³!��¬N+ (TFT) ±
9�>f8¤>´��¡äk2�A^cµ. Ï
d, ¦+7á�d�Cc±Yeü, éõ¬7�
�á��Ä:ïÄÚA^©ª´1Ï�ÆÚ1
>&E+�p��ïÄ9:. ��/, õ¬ Si �
�����{Ì�k��¬z [7,8]!¯�9ò
» (RTA)[9]!-1¬z [10]!�lfNOrzÆí
��È (PECVD)[11,12]!7áp� [13,14] �. ��
¬z{�,�±�����âº��õ¬ Si ��,

�Ù¬z�m���¬z§Ýp; RTA {���õ
¬7¬âº��, ¬NSÜ¬.�Ý�, á�"�
�Ýp, �áup§ò»�{, Ø·Ü±Àæ�
�.��õ¬7��; -1¬z{��[B, l

¦���E¤��p; PECVD {��õ¬7¬â
º��, ��Ø�L 50 nm, ¬S"�õ, ¬.õ; 7
áp�{�¦�¬ Si ��3 600 ◦C ±e3�á�
mS¢y¬z, ¤�����äkõ¬7��þ!
5p, ¤�$�`:, �Ó���¬É�p�7á
�À/, l��ì�5UC�. du Ge � Si �
m�Ôn5�4��q, ÏL Ge p���õ¬ Si

���~�í37á�fé��À/, ��Ñp5
U��Nì� [15,16]. ^�í�du¤��Çp, Ä
¡§Ý$, ��ÅN5Ð, �¢y�¡ÈÛ�, Ïd
&¢æ^^�í�9�Yò»�� Ge p�¬zp
�þõ¬ Si ��, éïÄÚmup�Ç$¤�õ
¬ Si ����U>³9Ù¦ Si >fì�äk�½
��Æ¿Â. 3·��cÏó�¥uy [17], æ^^
�í�, �í�§Ý� 800 ◦C �, Ge Wî��� 
p� a-Si ��¬z. �©ò?�Ú&¢3�½�
��)�§Ý^�e, �Yò»é Ge p�¬zõ
¬ Si ��¬zA5�K�.
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2 ¢ �

æ^^�í�u�.§Ý 500 ◦C 3 Si �.þ
©O��äk Ge Wî�� a-Si/Ge ��Ú a-Si �
�. �.²LZÑ�(�W 10 min,ÃY¯U�(
�W 20 min, �lfYÀW�^pX�íNZ�\
)�¿. ���¬�)�L§3�pý�^�í
���þ�¤, �.ý�Ý`u 4.0 × 10−4 Pa,

í � Ø r 2.0 Pa, Ó � ' 68%, ó � í N�p
X Ar(99.999%), í�qá��» 75 mm, þÝ 4mm

�pX Si q (99.99%) ÚpX Ge q (99.99%), í
� Si �qmå� 60 mm, �ªõÇ� 250 W, í�
�m� 120 min; í� Ge �qmå� 80 mm, �
6õÇ� 100 W, í��m� 30 min. )���
�3ØÓ§Ýeý�ò». æ^ Raman Ñ� (=
I Renishaw úi��w�.ù1Ì¤), X ��û
� (XRD, F�nÆ TTRIII .=qõõU X ��û
�¤), �fåw�º (AFM, F�°ó×£&�w
�º) 9p©E×£>º (HFSEM, Fá s-4800) é
¤��¬?1(�L�.

3 (J�?Ø

3.1 ���¬¬¬��� Raman ÑÑÑ���©©©ÛÛÛ

ã 1 ¤«�¤��� a-Si �� (a) Ú a-Si/Ge

�� (b) uØÓ§Ýeý�ò» 5 h � Raman Ì
ã, \�1�õÇ� 30 mW. lã 1(a) ¥�±wÑ,

��3 Si �.þ�È a-Si ����¬, 3 800 ◦C

eò» 5 h, �¬�a1Æ(f¸ (TO ¸) Ñy3
� 514 cm−1 ?, Ly�;.�õ¬ Si(poly-Si) (
�, ù´du�ò»§Ý� 800 ◦C �, a-Si ��
¥ Si �fÏ¼�v
Uþ, �U�Ð/¢y¬�
|, l¢y a-Si ���¬z. ò»§Ý$
u 800 ◦C �, ���;.��¬(�. Xã 1(b)

¥¤«, äk Ge Wî�� a-Si/Ge ��, 3 600 ◦C

eò» 5 h Si �� TO ¸Ñy3� 514 cm−1 ?,

�¸° (FWHM) �� 10.5 cm−1. �ò»§ÝJp
� 700 ◦C ��¬ TO ¸ A�vk£Ä, ��é
rÝOr��� FWHM CÄ, ù´du�ò»§
ÝO\, Si ���kSÝO\�(J. dd��, Ï
L Ge p�, a-Si ���¬z§Ý� 600 ◦C, �cö
�'ü$� 200 ◦C.

�
��*
)ò»§Ýé Ge p�¬zõ¬
7��¬zÇ�K�, ©Oé a-Si/Ge �� 600 ◦C,

700 ◦C ò» 5 h � Raman Ì?1âÔ[©¸, X
ã 2 ¤«, �âúª

Xc = Ap/(Aa + Ap), (1)

Ù¥, Xc �L¬zÇ, Ap, Aa ©O�Läk poly-Si

A�¸Ú a-Si A�¸È©¡È, (JXL 1 ¤«.

L¥ Peak “0” �L a-Si A�¸, Peak “1” �L poly-

Si A�¸. dd��, 3 Ge p��^e, �ò»§
Ýl 600 ◦C Jp� 700 ◦C �, éA�¬�¬zÇ
©O�� 44%Ú 54%, ¬zÇJp 10%�m.

ã 1 a-Si �� (a) Ú a-Si/Ge �� (b) ØÓ§Ýò»� Raman Ñ�Ì
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ã 2 a-Si/Ge �� 600 ◦C (a) Ú 700 ◦C (b) ò» 5 h �� Raman ©¸[Ü�

L 1 a-Si/Ge ��u 600 ◦C Ú 700 ◦C ò» 5 h �¬©¸[Ü(J

Peak
¸ /cm−1 È©¡È/arb.units �p°/cm−1

600 ◦C 700 ◦C 600 ◦C 700 ◦C 600 ◦C 700 ◦C

0 483.138 480.563 251413.300 254061.000 57.029 40.916

1 514.124 515.091 193615.800 298783.600 15.030 13.642

3.2 ���¬¬¬��� X ������ûûû���©©©ÛÛÛ

�
é¤���õ¬���(¬A59p�
Ånk�?�Ú�
), ò¤���õ¬ Si ��
?1 XRD ©Û. ã 3 ¤«� a-Si/Ge ��3 500 ◦C

Ú 600 ◦C eò» 5 h � XRD Ìã9 Ge �IOû�
¸, “S“L« Si �. (400) û�¸. Ù¥, �ã��¬
� XRD ÛÜ��Ìã. lã¥��Ùw� 600 ◦C

ò» 5 h �, Ø Ge(111), Ge(220), Ge(311), Ge(331),

Ú Ge(400) �¬z
� Ge �û�¸Ú Si �.û�
¸	, 3 2θ = 33◦ NCÑy
���r� Si(200)

û�¸,�uyæ^ Al p���{ [18−21] ���
õ¬7��3 Si(111), Si(220), Si(311), Si(331) �¬
¡�û�¸. 3�©¥�Ó�û�^�e, 500 ◦C

ò» 5h �¬� XRD ãÌ¥Ø Si �.Ú Ge �û
�¸	, ¿�Ñy Si(200) 9 Si �Ù¦û�¸, `
²Ù¥� Si ����¬(�, ù� Raman Ñ��
(J��. d	3¬N Si ¥, Si(400) �gû�¸
�Ñy3 Si(200) û�¸? [22], ÙnØ�érÝ
� I200/I400 ≈ 5.18 × 10−4. 3�©¥¢S�ér
Ý I200/I400 ≈ 2.91×10−2, ¢S�érÝ'nØ�
érÝ�ü�êþ?, ��u Si(400) �Ù�gû
�¸ Si(200) �nØ�érÝ, `²ã 3 ¥ 600 ◦C

ò»��¬ Si(200) û�¸¿� Si (400) ��gû

�¸, �3�Ó� X ��û�^�e, 500 ◦C ò
»��¬ XRD ¥��Ñy Si (400) ��gû�¸.

Ïdò»§Ý 600 ◦C ��¬3 2θ = 33◦ NCÑy
�û�¸� a-Si ��¬z� Si(200) ¬¡�û�¸.

� � � � � � � � � � � � � �� � 	 
 � � ��� ����� � � � � � � � � � � � � � ��� !!"# $ $ % � � � &' $ $ % � � � & ( )*+,,-( )*../- ( )*../-���0!!"1 2�333" 4� 5 6 7 8 9: ;<= >?@AB C
ã 3 a-Si/Ge ��ØÓ§Ýò»� XRD Ìã (�ã�Û
Ü��ã)

3 Si ¬Ná�¥, �¬¡�ê H , K, L ��
óê, �÷v H + K + L = 4n + 2 �, ò÷v�1
^�, �3¬Ná�� XRD ¥ØÑy Si(200) ¬¡
û�¸, 3æ^Ù¦�{)�� Si ��¥, �é�
� Si(200) û�¸, �ó�¥�Ñyér� Si(200)
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¸, �U´du��Ø÷v�1^�, �¤���
õ¬ Si ��3 Si(200) ¬¡äkpÝ��¤�.

·�cÏïÄL² [17], �.§Ý� 800 ◦C �,

Ge p�¬z��� Poly-Si )���¬¥Ø*	
����f� Si(200) û�¸	, �Ñy
 Si(111),

Si(220), Si(311) �¬¡û�¸. dd`², 3�ó�
¥, ² 600 ◦C ò» 5 h Ge p�¬z��� Poly-Si

��3 Si(200) ��äkérJ`)�A5.

�â Debye-Scherrer úª

Dhkl = kλ/β cos θ, (2)

Ù¥, Dhkl �÷R�u¬¡ (hkl) ���¬â�
», k � Scherrer ~ê (0.89), λ �\� X ��Å
� (CuKa, λ = 0.15406 nm), θ�Ù.�û�� (◦),

β �û�¸��p¸° (rad), O�Ñõ¬ Si ��
3 (200) ���¬âº�� D200 = 75.63 nm.

ã 3 �ã¥��±wÑ, �ò» 500 ◦C �¬
�', ò»§Ý 600 ◦C �¬� Ge û�¸�ér
Ýk¤~f, ¸/Ð°�é¡5C�, dd�±í
ä Ge p� Si ¬z�, 3 a-Si/Ge .¡/¤�½þ
� SiGe Ü7, l¦ Ge ��é¹þü$, � Ge û
�¸�érÝk¤~f; �, du Si Ú Ge �¬
�~ê©O� 5.43102 ÅÚ 5.64613 Å, 3 Si, Ge .
¡)¤ GeSi Ü7�, Ù¬�~êÑ�u Ge �¬�
~ê, �A/¬¡må~�, û�¸ò p�Ý�
�£Ä, �� SiGe Ü7û�¸Ú Ge û�¸�pU
\, lû�¸é¡5C�.

4 Poly-Si ���L¡9ä¡/m©Û

ã 4 ¤«� a-Si/Ge ��² 600 ◦C ò» 5 h �
�fåw�º/mã (a) Úä¡|u�×£>º
ã (b). ã 4(a) ¤«3���	L¡Ñy
�þ�
¬âº�� 70 nm Si ¬â, �æ^ Debye-Scherrer

úª��Ñ�¬âº���, lã 4(b) ¥�� Ge

��þÝ�� 450 nm, Si ��þÝ�� 1350 nm,

ÏLí��m�O�3d)�^�e Ge �)��
Ç� 15 nm/min, Si ��)��Ç� 7.5 nm/min. ã
¥�±w� Si �� Ge ��mäk�ß�.¡,�
uy Ge *Ñ� Si �þL¡y�, ^ Al p��
�õ¬7���, ¾�fl��.�*Ñ�þL¡
/¤��¾¬â [23], `² Ge p�¬zõ¬ Si �

��~�p�7áí3�fé���K�.� � �
� � �� �� � � ���� � � 	��
 � � ���� � �  �

��� ��
� � � �  �� � �  � � � � � � �

ã 4 Ge p�¬zõ¬ Si ����fåw�ºL¡/m
ã (a) Úä¡|u�×£>ºã (b)

5 ( Ø

�©æ^^�í�²�Yò», ÏL Ge p�
¬z3 Si �.þ¤õ�� poly-Si ��, æ^ Ra-

man Ñ�, XRD, AFM 9 FESEM �é¤����
�¬?1(�L�, ��Xe(Ø:

1. )�§Ý� 500 ◦C �, ² 600 ◦C ò» 5 h,

Ge �p��¬ Si ��¬z, ¬âº��� 76 nm,

¬zÇ� 44%.

2. Jpò»§Ý� 700 ◦C, ¬zÇ� 54%. �
Ó^�e, Ã Ge Wî�� a-Si ��² 800 ◦C ò
» 5 h ��¢y¬z, ¬zÇ� 46%, ÏL Ge Wî
�p�¬z�¦3�Ó^�e)���¬7��
�¬z§Ýü$� 200 ◦C.

3. 600 ◦C ò» 5 h, Ge p�¬zõ¬ Si ��
3 Si(200) ��äkpÝJ`��.
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4. Ge p� Si ¬z�, 3 a-Si/Ge .¡/¤ SiGe

Ü7, XRD �¸°Ð°Úû�¸é¡5C�.

5. ÏL?�Ú`z��ó², k")�Ñäk

�¬âº��3 Si(200) ¬¡pÝ���p�þõ
¬ Si ��.
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Abstract

In this paper, an a-Si/Ge thin film with a buried layer of Ge and an a-Si thin film are prepared on Si substrates at a temperature

of 500 ◦C by magnetron sputtering. The prepared films are annealed for 5h at different temperatures in vacuum. The annealed films

are characterized by Raman scattering, X-ray diffraction, atomic force microscope and field emission scanning electron microscope.

The results reveal that Ge can induce amorphous Si (a-Si) growing at a temperature of 500 ◦C by magnetron sputtering crystallize after

annealing at a temperature of 600 ◦C for 5h. And in the a-Si/Ge thin film the degrees of crystallization of a-Si are 44% and 54% at the

annealing temperatures of 600 ◦C and 700 ◦C, respectively. By comparison, a-Si thin film without Ge is crystallized at an annealing

temperature of 800 ◦C for 5h and the degree of crystallization is 46%. The crystallization temperature of a-Si/Ge is reduced by 200 ◦C

compared with that of a-Si film without buried Ge layer in the film. The prepared poly-Si thin film possesses high Si(200) orientation

with a grain size of 76 nm. The preparation of poly-Si film by Ge-induced crystallization might be a useful technology for developing

high-quality poly-Si film.

Keywords: poly-Si thin film, amorphous silicon, induce crystallization
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