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p�>f[£ÇÚ�Ð�1>½5, ���¬w

«ì¥��¬N+���� [1] Ú7Ä����>

³���� [2] ¦^ÑLyÑ�\`�Ú½�5

U. 8c, 3õ¬7����ÈEâ�¥, Ì�±z

Æí��È (CVD)�Ä:���Eâ�Ì, X�l

fNOrzÆí��È [1,2](PECVD) Ú9j9Ï

zÆí��È [3](HW-CVD) �. 3zÆí��È�

�õ¬7���L§¥, Ì�¦^7�íN��7

��È��. 7�´�«ìÓ´���xíN, 3

¢Só�)�L§¥  I�Ý\ép�¤�5

é7�?1£Â?n¶,	, ��¬7���',

3zÆí��È�¥õ¬7�����ó²��

��, I�34p¹þ�íDº (Ï~�í¹þp

u 95%)�7�¥âU��(¬Ýép�õ¬7�

� [1−3], ù
Ï�Ñ¦�^u��õ¬7����

�(�E,!¤�[B. Ïd, �$¤��õ¬7

����Eâ, cÙ´$§ ($u 600◦C) õ¬7�

��ÈEâ�mu, éuõ¬7��3ó�þ�í

2w�c��.

^�í�´�«(�{ü!¤�$í�ý�

�ÈEâ, duØI�¦^7�,ÃØ´)�S�

5�´¤���þ, ^�í�Ñ'zÆí��È3

ó�A^þkX���`³. �´, ¦^ÊÏ^�

í����7��(¬Ýé�, �õê^^�í�

���7��Ñ��¬� [4]. �8c��, |^^

�í�Eâ?1õ¬7����ïÄ���3I

Sþ��~�,·I�vk^�í�{��Ñõ¬

7����'��. ·�ÏL�lfN9Ï^�í

��{, ¢y
õ¬7���$§�È. �©�[
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��» 150 mm�ü*��, Ô+p¡Ïke%

Y. U���à��ª��ì�ë, ,�à�/.

�ª>�ªÇ´ 13.56 MHz,õ¬7���ÈL

§¥ ICP �lfN�>õÇ´ 1000 W.ÍÜU

���ª&ÒÏL���=I�D\�>n, 3

�>nS�)p�Ý ICP �lfN. �È¿��

»� 560 mm,ý9SCkü�é�S��Ý/^

�í�q, qáæ^� 150 mm!° 50 mm!XÝ

� 99.9999%�õ¬7qá. ü�^�q¡mål

�½3 120 mm,©O�¥ª�6V4óÀ>�

�!K4ë�, /¤Ì)q��¶¥ª>�ªÇ

� 40 kHZ, �ÈL§¥�>õÇ 200 W.ü�í�

q�mCk���±þe¹Ä��¬�, ±N!�

¬�� ICP�lfN�ål. �¬��» 90 mm,

d¾j\9, ¢�¥�¬���lfN�ål�

±3 130 mm.�¬�3���ÈL§¥L¡§Ý

�±3 270◦C �m (§� ±10◦C). �È¿�.à�

ýë�ý�XÚ, ,�ýë��¬;�¿, �È¿

��.ý��±3 2 × 10−5 Pa±S.

Si Si

 (13.56MHz)

40kHz

Ar

H

+
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  Si   
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- +
-

ã 1 >aÍÜ�lfN9Ï^�í�C�ã

�í3õ¬7�����L§¥åX�'

���^. �
ïÄ�íé��(¬Ý�K�,·

�ò�íÚ�í·ÜíN�íØ�½3 3 Pa(3 Pa

�·ÜíN��lfN�Ý�é�p�È�Ç

��é�¯), Ó�ò�í3·ÜíN¥�©Øz

©¹þl 0Jp� 80%.äN��¬��^��u

L 1.

Ä¡æ^�=ÀæÚ (100)���ü¬7¡.

�=Ä¡^u.ùÑ�Ú X ��û�©Û¶ü

¬7¡^uß�>fû�Úù	1Ì©Û. .ù

Ñ�C��=I RENISHAW w�.ùÿÁ¤, æ

^Å� 632.8 nm�±C-1ì¶ÿÁ¥¦^�

-11�õÇ�u 0.2 MW/cm2, ±��ÿÁL§

¥�-1p�¬z. ß�>fw�º¦^�´F

�>f� JEM-4000EX,�±?1p©E*	. X

��û�ÿÁ3�I BRUKER D8 FOCUSþ?

1, æ^ θ—2θ �¡×£�ª. Fp�ù	1Ìd

{I NICOLET AVATAR360 ÿ�. ��þÝd{

I OCEAN OPTICSZ��þ¤ÿ�. |^·�g

1�O�K¸�&�Ú{I OCEAN OPTICSúi

� USB2000+.1Ì¤©Oé�lfN�ÝÚ-

u��f½©f�u�1Ì�érÝ?1
ÿÁ.

L 1 �¬��^�

�ÈíØ /Pa 3

�È§Ý /◦C 270 ± 10

ICP �lfN�>õÇ /W 1000

^�q�>õÇ /W 200

�ííØz©' /% 0,5,10,20,30,40,50,60,70,80

�¬?Ò (��ííØz©'éA) 1,2,3,4,5,6,7,8,9,10

3 (J�?Ø

3.1 ...ùùùÑÑÑ��� —– ������(((¬¬¬ÝÝÝ©©©ÛÛÛ

.ùÑ�´©Ûõ¬7��(¬Ý��Ì�

ÿÁ�{. ã 2 ´�¬ 5# �.ùÑ�Ìî1Æ

� (TO) (f¸9Ù[Ü�. ¸ 3 480 cm−1

� Gausş éA��¥��¬�, ¸ 3 510 cm−1

N C � Gauss¸ é A � � ¥ � ¬ . Ú � ¬ â,

 520 cm−1 NCÑy����ékb Gausş

KéA��¥�¬�Ü© [5]. ^ I480, I510, I520 ©

O�L 480 cm−1, 510 cm−1, 520 cm−1 NC ��

[Ü¸È©rÝ, Kõ¬7���(¬Ý�±de

ªO��� [6]:

Fc =
I520 + I510

I520 + I510 + I480
. (1)

ã 3(a)´�íØÓ©Øz©¹þ^�e��

�¬�;..ùÑ�Ì�. lã 3(a)¥�±w�,

3X�í¥�È�7��vk?Û�¬z, ��

¬7��. �Ï\�í�, =¦´�þ��í�3

u·Üí¨¥, |^�lfN9Ï^�í��{�

�±��õ¬��7��. lã 3(a) ¥��±w

Ñ, �X�í¹þ�O\, ¤��.ù¸�\b|,
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¸ �3Øä�pÅê��¤£. Viera �ïÄL

² [5], õ¬7.ùÑ�Ì¥ TO (f¸ ��Cz

ÚÑ�¸�p°�Cz�õ¬7��¥¬â��

�k'. ¬â��, Ñ�¸�Ä, ¸ �\�Cü¬

7�¸  (520 cm−1). dd, �±wÑ|^�lf

N9Ï^�í��{���õ¬7��, 3�½í

Øe, �X��·ÜíN¥�í¹þ�Jp, õ¬

7���¬â���C�.
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/cm-1

ã 2 �¬ 5#(�í©Ø' 30%)�.ùÌ�[Ü�

�âã 2 ¤«�©¸�{Ú (1) ª�O�, �

±��Xã 3(b) ¤«�(¬Ý��íz©¹þC

z�ª³. lã 3(b) ¥�±wÑ, ���(¬Ý�

X�í¹þ�O\ÅìJp. 3vk�í�^�

e, 7��ØU(¬; p��í¹þk|u/¤(

¬Ý�p�õ¬7��.

3.2 X ������ûûû��� —– ¬¬¬âââ������©©©ÛÛÛ

X ��û��±�½��á��¬N(�Ú

)���.ã 4(a)�ØÓ�í©Øz©¹þ^�e

����� X ��û�Ì. XRD ÿÁ¤^�Ä.

��=¡, 3¤k�Ì�¥Ñ�±w��=��¬

�û�Ä�. lã 4(a)¥�±�Ù�w�, ¤kõ

¬7��� XRD Ì�3 28.5◦ NCÑy��ér

�û�¸,� Si(111)¡�û�¸, Ù¦¬¡�û

�¸K²w�f (ü¬7®"IOû�Ì¥nr¸

rÝ'� I(111) : I(220) : I(311) � 100 : 50 : 30). ù

L²��¥�3�r� (111)��, õê¬âÑ÷

X (111)��)�. |^ CVD Eâ���õ¬7�

�, Ø
 (111)��	, 3�½^�e��±�ÈÑ

��5�~Ð� (220)���õ¬7�� [7]. 3

·��XÚ¥�8c���vkuykÙ¦��

�J`)�. du Si ´7f�(�, (111)¡´7f

�(����ü¡, Ïd (111)¡´õ¬7¬â¥

Uþ�$�¬¡, ù`²|^�lfN9Ï^�í

����õ¬7�����u÷XUþ�$��

ü¡)�.
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ã 3 ØÓ�í©Øz©'^�e����� .ùÑ�Ì (a) Ú��(¬Ý (b)

lã 4(a)¥��±wÑ (111)û�¸�rÝ�

X�í¹þ�O\ÅìOr. û�¸rÝ�Cz

����þÝÚõ¬7���(¬Ýk'. du�

���È�Ç�X�í¹þ�O\ü$ (�L 2),

^u XRD ÿÁ��¬�È�m�Ó (40 min), l

��þÝ�X�í¹þ�O\Åìü$, Ïd

ã 4(a)¥û�¸rÝ�O\ATÌ�´du(¬

ÝJp¤�, É��þÝCzK���.

d	, ·�uy¤k XRD (111) û�¸��

p° (ü Ý) 3 0.25—0.5�m, ù�ê�'�Ó

ÿÁ^�e���ü¬7¡ (111) û�¸��p

° 0.07���õ. XRD û�¸�°z���á�

¥��*AåÚ¬âº�k'. Ï~|^^�í�

3$§ (<300 ◦C)!�píØ (>1 Pa)!Ã Ø^
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�e���õ¬7���*Aå��, éû�¸�

�p°K�Ø�, û�¸�°zÌ�´d¬â[z

E¤ [8]. ã 4(b) ´ (111)û�¸�p°��íz©

¹þCz�ª³�.·��±w�, 3�í¹þ

$u 50%�, �p°�X�í¹þ�,pØä~

�, L²���¬âº��X�í¹þO\C�.

��í¹þpu 50%�, UYJp�í¹þ�p°

zØ2²w. ù`²��í¹þO\��½§Ý�,

��¡�íé��¥¬â���r?�^Ø2²

w¶,��¡·ÜíN¥�í'~�Jp¦��

�È�Çeü, �½�È�mS�����þÝC

�, ��
¬â�UY��. loNþw, XRD �©

Û(J� RamanÑ��ÿÁ(JÄ���, 3�½

íØe���(¬Ý�X·ÜíN¥�í¹þ�

O\Jp, ¬âº��X�í¹þ�,pC�.

3.3 ùùù			111ÌÌÌ —–Si—H ���ÜÜÜ(((���ÚÚÚ������

¥¥¥������fffzzz©©©¹¹¹þþþ

d.ù1Ì9 XRD ÿÁ(J��, ó�íN

¥�í�¹þéõ¬7���(¬Ýk�K�,

Ïdõ¬7�����L§¥Ï~�¦^�í, í

�{�Ø~	. 3k�í��È�¸e, ¤���

õ¬7��ÑkØÓ§Ý��z, ~~�¡��z

õ¬7. ù	1Ì´©Û�zõ¬7��¥ Si,H

�f�m�Ü(��~^�Ã�©ÛEâ. 3�

zõ¬7���ù	1Ì¥Ì�kn�ù	áÂ

�, 640 cm−1 ?�áÂ¸´ SiH ��~{�Ä�,

840—890 cm−1 �m�ü�áÂ¸´ SiH2 Ú SiH2

ìq���Ä�, 2000 cm−1 Ú 2100 cm−1 N

C�áÂ¸©O´ SiH ü�Ú SiHx(x = 1, 2, 3)

½ SiHx(x = 1, 2) ìq�.��Ä� [9,10]. Ï

L Si—H ���Ü(��±?�Ú
)�zõ

¬7����*(�,Ó���±|^ù	áÂX

ê¸½þO���¥��f�z©¹þ.

3|^ù	1Ìé Si—H �?1©Û�c, Ä

k�éÄ�?1?n. du1�Z��A, ���

þÝ�ù	1Å��C�Ä�¥~~¬ÑyZ�

^«, lAzB��A�����S, Z�^«¬

�X��þÝ�O\Or. Xã 5(a)¥�Ú¢�

´3 5# �¬��È^�e�È 4 h �¬ (�þ�

� 2.6µm) �ù	ß�Ì, 3ã¥·��±w�²

w�Z�^«, XJØéÄ�?1?nò¬K�é

ù	1Ì�©Û(J. 8c��~^�ù	1ÌÄ

�[Ü�{� Maley [Ü{ [11,12]. �â Maley [

Üúª·��±��ã 5(a)¥fÚ�[ÜÄ�. 3

[ÜÐÄ���, �±�âeªO��C���á

ÂXê α(ω) �ù	Ì� [11,12]:

α(ω) =
1

d

[

ln(XR) − ln(
√

1 + X2 − 1)
]

, (2)

ª¥ X =
2R(T/TNA)

(1 − R2)
, R�7��Ç (R = 0.3), T

�ß�Ì, TNA �[ÜÄ�Ì, d����þÝ (ü

  cm).

ã 5(b) ´�â (2) ªC���� 5# �¬�

ù	áÂXêÌ, 3��ù	áÂXêÌ�, B

�±�â²�úª CH = A640I640/N O�Ñ�

�¥�Ü���f�z©¹þ [13]. Ù¥ I �á

Â¸È©rÝ, I =

∫

ω2

ω1

α(ω)

ω
, du 640 cm−1 N

C Si—H ��~{áÂ¸ºX
¤k Si—H ��

�Ü(�, Ïdéu�¹þ�O�~^~{áÂ

¸�È©rÝ. A ´��²�~ê, ~{áÂ¸

� A640 = 2.1 × 1019 cm−1, N �����f�Ý,

���� N = 5.0× 1022 cm−3. �â~{áÂ¸O

������fz©¹þÑ�uL 2.
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ã 5 �¬ 5# �ù	Ì� (a) �©ù	ß�Ì�ÚÄ�[Ü�; (b) ù	áÂXêÌ (�ãXØÓ�í^�e (5%, 30%, 50%)

��Ä��CzG�)

lã 5(b) ¥·��±w�, 3.��Ä«�

k3 2100 cm−1 NCÑy
ér�ù	áÂ¸, 

3 2000 cm−1  ��áÂ¸éf, ù´;.��z

õ¬7� Si—H �Ü�ª¶3�z�¬7��

�¥~~��ér� 2000 cm−1 ù	áÂ¸ [4,14].

c[*	�±uy, 2100 cm−1 ?�áÂ¸u)


3�, ��±w�ü�k¸, �©O3 2083 cm−1

Ú 2134 cm−1. ü¬7ØÓ��¬¡�L¡�z¢

�ïÄL² [15,16], 3éü¬7 (111)L¡?1�z

�, ù	áÂÌ¥3 2083 cm−1 Ú 2134 cm−1 � 

�¬Ñykb�ù	áÂ¸. ÏLc¡ XRD �(

J,·���3·��õ¬7��¥kéõ (111)

��J`)��¬â, Ïd 2100 cm−1 ù	áÂ¸

þÑy�ùü�k¸���¥¬âL¡� Si—H

�ÜG�k', `²õ¬7��¥kéõ���f

¬±L¡�z��ª�K3õ¬7¬â�L¡.

40
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70

80

3 4 5 6 7
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%

ã 6 ��¥��fz©¹þ���(¬Ý�'X

Ù¦�¬�ù	áÂÌÑ�ã 5 ¥ 5# �¬�

Ì�aq, ¤ØÓ�´áÂ¸�rÝ¬�Xó�í

N¥�í¹þ�Jpk¤~f. ù	áÂXêÌ

¥áÂ¸�~fL²
��¥�Ü���f¹þ

�~�. ã 6 �Ñ
|^ù	1ÌO�Ñ���¥

��fz©¹þ��zõ¬7���(¬Ý�'

X. lã 6 ¥�±wÑ, ���(¬Ý�p, ��¥

¤¹��Ü���fÒ��. õ¬7��Ï~�@

�´�«kS��õ¬7¬â�i3ÃS���

¬7�ä¥��*(�,ã 6 ¤«�(JL²õê

�Ü���fÑ�3u�¬��ä½ö´¬.¥.

�Xó�íN¥�í¹þ�,p, õ¬7���(

¬ÝÚ¬âºÝØäJp, ��¥�¬�¤°Ú¬

.¤Ó'~��eü, l��¥�Ü���f�

¹þ�(¬ÝJpeü.

ù	1Ì¥ 845 cm−1 Ú 890 cm−1 �áÂ¸

�Cz�±�NÑ���(��[�Cz [17,18].

Si—H �3 845 cm−1 Ú 890 cm−1 �ù	áÂ¸

Ì�� SiH2 ��Ä�k', �â Sidhu �ï

Ä [10], 845 cm−1 NC�áÂ¸�� (SiH2)n(SiH2

ìq½óG SiH2) k',  890 cm−1 ?�áÂ¸

KºX
¤k� SiH2 �'��Ü(� (�) SiH2

Ú (SiH2)n). õêïÄ@� [10,17,18], (SiH2)n Ì�

�3u��¥�*ºÝ��É�¥, Ïd (SiH2)n
�áÂ¸rÝ�A
��¥��"���Ý. l

ã 5(b) ��ã¥·��±wÑ, �Xó�í¨¥

�í¹þ�O\, 845 cm−1 Ú 890 cm−1 NC�á

Â¸Åì~f, ��í¹þ���½§Ý� (50%),

845 cm−1 NC�áÂ¸A���. ù`²��"�

Ì��3uõ¬7����¬��äÚ¬.�¥,

ù«(��õ¬7���¬â�m´�«Õt�

õ�G�¬�(�. �X·ÜíN¥�í¹þ�J

p, ���(¬ÝÅìJp, ¬âºÝØäC�, �

�¥��¬�¤©±9¬.'~��~�, d�¬

â�p�m�ü�Ò����, ��"����~

�. þã©ÛL², �Xó�íN¥�í¹þ�C

z, ��¥�(���X(¬Ý�CzÅìCz,

p�í¹þ�ó�íNkÏuJp��¥¬â�

m���5.
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L 2 �¬ÿÁ(J

�¬¶¡ �í©Øz©'/%
�È�Ç/(nm/s)

(¬Ý/% (111)û�¸�p° ��fz©¹þ/%
�=Ä. ÀæÄ.

1# 0 0.206 0.261 �¬ — —

2# 5 0.205 0.245 45.70 0.46 6.42

3# 10 0.205 0.245 52.80 0.42 7.01

4# 20 0.206 0.234 56.70 0.34 5.83

5# 30 0.184 0.228 60.40 0.3 4.79

6# 40 0.183 0.226 64.30 0.29 4.90

7# 50 0.178 0.203 66.60 0.27 3.24

8# 60 0.172 0.191 69.50 0.26 3.51

9# 70 0.132 0.146 74.50 0.27 3.71

10# 80 0.120 0.138 72.80 0.27 4.15

3.4 ßßß���>>>fffûûû��� —– ���������(((���ÚÚÚ���***

///mmm

ÏLß�>fw�º·é�¬ 5# ��ä¡�

*(�Ú/m?1
*	, (JXã 7 ¤«. lã 7

�±wÑ����*/m�ÎG¬(�, ù´;.

�^�í����/m. �â MessierÚ Thornton

/m�.�£ã [19,20], 3�$�)�§ÝÚ�p

� Ar íØ^�e (> 1 Pa)^�í������

õ��I/ÎG¬, ù«(�Ï~3¬Î�m'

�Õt, kNõ�É¶�X�È§Ý�,p½

ö Ar íØ�ü$, ¤�����¥ÎG¬�\þ

!,Ó�¬Î�m�¬C��\��. Uì Messier-

Thornton�.5w, ù	1Ì©Û¥¤JÑ���

¥����3�U�ù«/mk'. Jpí¨¥

�í�¹þ�±Uõ����*/m, Jp���

��5.

ã 7 �¬ 5# ��¡ß�>fû�ì¡

lã 7 ¥�p©E/mì¡·��±w�,

3õ¬7��Úü¬7ÄNmk��é��LÞ

� (� 5 nm).Ï~vk²LL¡@¡½lfí��

W?n�ü¬7¡3�í¥���, 7¡L¡Ñ¬

�)��é���¬��z�, <�~¡����

�z�, ��þÝ� 2—3 nm. ,	, éõ���Ñ

õ¬7��L§¥3¬â/Øc¬Äk)���

�¬�LÞ�, ¡�Èz�, Èz��þÝÉ��

�È^��K�é� [21,22]. ·�3?1���È

�c¿vké7¡?1L@¡½í��W?n, Ï

d·�@�3ÄNL¡ATk���z�. lã 7

5wõ¬7��Úü¬7¡�m�LÞ���/

Øc�Èz�, Ï����z�duû��ÝØÓ,

Ï~¬�� [21]. ÃØ´���z��´Èz�A

TÑ´�¬�. lp©Eì¡¥·��±w�, k

�
kS�¬�lõ¬7��¥ßL�¬�LÞ

�ò��ü¬7kS�¬�þ. ù��¡�U´d

u¬Ø/Ø��ÄN��ò���, ��Ü©ÃS
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��¬7¬z¶,	�k�U´��fÚ��æ

L¡ “zÆò»” E¤��z�¬73��SÜ�

¬z [23].

3.5 ���lllfffNNN���äääÚÚÚõõõ¬¬¬777������¬¬¬zzzÅÅÅnnn

???ØØØ

�
?�Ú
)õ¬7����L§¥�í

©Øz©¹þé��(¬Ý�K��Ï, ·�|

^u�1ÌÚ Langmuir&�éí�«���l

fN?1
�äïÄ. ã 8(a)Ú (b) ©O´^�q

�>L§¥í�«� Hα(��f1�-u�, Å

� 656 nm)Ú Ar∗(��fæ�, Å� 750 nm)�

u�1ÌrÝ3 ICP �lfNméÚ'4�Ø

ÓG�e, �ó�íN¥�í¹þCz�'X�.

lã 8(a)¥ (¢�)·��±wÑ, Hα u�1Ìr

Ý�X�>íN¥�í¹þ�JpOr, ��í

¹þJp��½§Ý� (60%)Hα u�1Ì�rÝ

CzØ2²w. ÏLé'ã 3(b) �±uy, õ¬7

���(¬Ý�ó�íN¥�í¹þ�Czª³

� Hα u�1ÌrÝ��í¹þ�Czª³��.

du Hα u�1Ì�rÝp$�N
�>íN¥�

)���fêþ�õ�, Ïdõ¬7���(¬Ý

AT��>íN¥�)���fêþk'. �´,

3ã 8(a)¥ (J�)·���±w�, 3 ICP �lf

N'4�G�e,ÏL^�q�g±�>3í�

«��Ó��±�)�þ���f, vk ICP 

�9Ï, ^�í�¤�����Ñ��¬�. ·�

@�, ICP �lfN3õ¬7����ÈL§¥

Ì�å�
é��f�\9�^.

(a)
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ã 8 ICP�lfNmé�'4^�e^�qu>«� (a) Hα (656 nm)Ú (b) Ar∗(750 nm)�ó�íN¥�í¹þ�Czª

³ (3 ICP '4G�e, íØ 3 Pa���í©Øz©¹þpu 60%�^�qØUg±�>)

��f�âÄU�±©�p§��f (T >

80 eV) Ú$§��f (T < 2 eV)[24−26]. 3Nõ�

lfN?1��·ÜíN�>�ïÄ¥ [25,26],

ÏL�p©E1Ì¤*	�
 Hα u�1Ì�õÊ

V°z�A, L²�>íN¥k��êþ�p§�

�f�), ÿ��p§��f§ÝÏ~pu 100 eV.

,	, k��L²�Älf (X H+
2 , H+

3 , ArH+)Ï

L^�q Ø�\����¬�)p§��f [24].

 ICP �lfN��>L§¥�¬kNõ��

Älf�) [27,28],ÏL^�qí��^��¬m

��XÚJø�Ü©p§��f. ù
Ñ`² ICP

�lfN�±�^�í�L§Jø�þ�p§

��f, ½ö` ICP �±���f\9. 3 ICP

�lfN'4�G�e, ^�q�g±�>�,

�±�)�þ���f, �ØU�ÈÑõ¬7��

��ÏÒ3u^�q�g±�>�)���fÄ

U�$, ØUé��¬zå�^.

�,, ICP �lfN�äkJp�AíNÚ

í��flzÇ��^ [29], �k��JÑ Ar+ �

±Ì�õ¬7���¬z [30]. �´, ·�@�3

·��XÚ¥Ø
�Älf�±ÏL^�q Ø

\����)p§��f��^	, õêlf¿Ø

é��¬zå����K�.ã 9 ´ ICP �lfN

üÕ�>�, 3í�«�ÏL Langmuir&�ÿ

���lfN�Ý. lã 9 ¥�±wÑ, �lfN

�Ý´�X�í¹þ�,pÅìeü�. 3X�

íN¥, ICP �lfN�>�í�«���lf

N�Ý�L 1011 cm−3, ��puÏ\�í���

lfN�Ý, 3X�í¥ÃØ ICP �lfN´

Ä�>, ^�í��È�7��Ñ��¬�. dd

`² Ar lf (Xã 9 ¤«) ½ Ar -u��f (X

ã 8(b)¤«) ÑØ´��¬z�Ì�Ï�. d	, 3

é�¬�\ Ø�¢�¥·�uy, � Øé�

�(¬Ývk²wK�, K ØK¬¦��(¬

Ýü$. ù`²3��lfñÂ�¬L¡���

E,�±(¬¶Orlf�ñÂK¬»�kS
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� Si—Si �, ����(¬Ýeü [31]. ù
ÑL

², ICP �lfNé�AíNÚí��f�Or

lz�^¿Ø´��¬z�Ì��Ï.

3 u � 1 Ì � ÿ Á ¥, ·� � v k u y ?

Û SiH �AÄì (SiH, SiH2, SiH3) �u�1Ìr

Ý� ICP �mé��Or�G¹, `² ICP �

lfN�9Ï¿ØU�)�	� SiH �AÔ. d

díä, ICP �lfN3��¬z�L§¥¤å

��Ì��^´��½m���XÚJø
�þ

p§��f. Xã 8(b) ¤«, 3 ICP méÚ'4

�ØÓG�e,ÏL Ar∗ u�1Ì�rÝé',·

��±wÑ ICP �lfNmé�, �AíN��

NUþ²wJp
. �X�AíN¥�í¹þ�J

p, ^u Ar lz½-u�UþØä~� (Xã 8(b)

Úã 9 ¤«), ��f��)Ú-uÌ�dí�

�� (Xã 8(a)¤«), ÏdÏL ICP �lfNÑ

\��AíN¥�Uþ�õ���Ñ3��f�

ÄUJpþ. Ó��AíN¥��f�êþ�X�

í¹þ�JpOõ, ��¬k�õêþ���f

�\9. ddwÑ, ���(¬Ý�JpÚ¬âº

��C�Ñ��>íN¥p§��f�êþOõ

k'.

2

3

4

5

6

7

8

0 20 40 60 80

/%

/
1
0

1
0
 c

m
-

3

ã 9 ICP�>�í�«��lfN�Ý�ó�íN¥�í

¹þ�Cz�

��féõ¬7���¬zÅnÌ�k “L¡

Or*Ñ”!“ÀJ5�¡” Ú “zÆò»” n«Å

n [23,32,33]. “L¡Or*Ñ” Ån@���f3�

ÈL§¥áN3���L¡, �Ú
L¡7�f�

]!�/¤ Si—H �, lü$
L¡7�f]!

�é�È�AÔ½�È�f�zÆáN�^, ¦�

È�L¡�7�f½7Ä�AÔ�L¡*Ñ�Ý

��Or, r¦�È�f?1kSz�ü�. “ÀJ

5�¡” Ån@�37���È�¥��lfN

¬`k�¡?uæ���¬«�, Ï�ù
«�

� Si—Si �?uØ½G�, �N´��¡K, 3

e�é½�õ¬�«�. “zÆò»” Ån@��

�f¬'ß���æL¡, ~f Si �f�m Si—Si

�d��åP�^, ¦�z7��d�¬��õ¬

7�=C�9åÆUþ³^ü$, r¦�z�¬7

�±3$§e¬z. cü«¬zÅnáuL¡¬z

Ån,  “zÆò»” ÅnáuæL¡¬zÅn. “z

Æò»” �±éÐ�)º�z�¬7�¬�\��

lfN?1L¡Ëì�, ¬kA�B�þ��¬7

��u)¬z�¢�y� [23,32].

ÏLã 8(a),·��±íä “L¡Or*Ñ”

Ø´·�XÚ¥��¬z�Ì�Ån. Ï�^�

q�g±�>3�í¹þép�ó�íN¥, �

�±�)�þ���f, v±é��L¡?1C

X, Or�È�fL¡*Ñ, �¿vkõ¬���

/¤, `²L¡��f�CX¿ØUr?�È�

f�kSü�. éu “ÀJ5�¡”, 8cõêï

ÄÑ@�ù�¬zÅn"�¢��â [23,33], 3

·��XÚ¥�vkuy��þÝ�X ICP 

�méÚ'4�)�²wCz, Ïd “ÀJ5

�¡” �ØU)º�k ICP mé�â�±�È

Ñõ¬7����Ï.  “zÆò»” ÅnK�±

�Ð�)º·��¢�(J. éu “zÆò»” �

L§, Sriraman[23] |^ Si—H—Si x�nØ?1


����º. ¦3ò�z�¬7�\��Ó

 ���lfN?1Ëì�L§¥, |^ù	1

Ì� ©Û, uy
�¬7�õ¬7=C�L§

¥k Si—D—Si x��), 3��¬z�B¬�

�, `² Si—H(D)—Si x��/¤´ “zÆò»”

����æ�L§. Fedders[34] ÏL9åÆ

O�y²��f��3��SÜ£Ä, Óâ Si—

Si �¥%� �/¤x�, I�ä��½�Uþ.

p§��fäkép�ÄU, éN´'ß��

�SÜ, Óâ�� Si—Si ��¥%, /¤ Si—

H—Si x�. Yang � [35] Q3�¬7�õ¬7=

z�*ÿ¢�¥uyÜ©��f37��¥�

Bß�Ý�� 5 nm,L²p§��f3��SÜ

kér�Bß5. ÏLþã?Ø, ·�@� ICP

�lfN�¦^, �±�XÚJø�þ�p

§��f, ù
p§��fduäkép�Ä

U�±'ß���æL¡, ÓâØ½� Si—

Si �¥%/¤ Si—H—Si x�, ÏLx�Ú��

��/ØÚ¬z, �ª�ÈÑõ¬��7��.

ã 7 p©E/mã¥¤«�kS�¬�BßLÞ

���ò��ü¬7¬NL¡�y�AT�ù«
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¬zÅnk'.

4 ( Ø

>aÍÜ�lfN9Ï^�í�Eâ3$

u 300◦C �§Ýe�±��Ñ(¬Ýép��z

õ¬7��. 3�½�íØe, ���(¬Ý�X

�í¹þ�O\Jp, ¬âº���X�í¹þ

�O\C�, �����5�����Uõ.

��¥��fz©¹þ�õ¬7���(¬Ýk

', (¬Ý�p��¥�¬¤©Ú¬.Ò��, �

�¥¤¹���fêþ�Ò��. 9Ï ICP �lf

N�¦^, �±�^�í�XÚJø�þ�p§

��f, p§��f¤Ú�� “zÆò»” é��

�¬zå�
Ì��^. õ¬7��(¬Ý�Jp

Ú¬âºÝ�C�, Ñ��AíN¥p§��f�

êþOõk'. l�©�Øã¥�±wÑ�lfN

9Ï^�í�Eâ´�«ékdå�õ¬7��

��Eâ.

[1] Takahashi E, Nishigami Y, Tomyo A, Fujiwara M, Kaki H, Kubota

K, Hayashi T, Ogata K, Ebe A, Setsuhara Y 2007Jpn. J. Appl.

Phys.46 1280

[2] Brinza M, Rath J K, Schropp R E I 2010Phys. Status SolidiC 7

1093

[3] Wang L J, Zhu M F, Liu F Z, Liu J L, Han Y Q 2003Acta Phys.

Sin. 52 2934 (in Chinese) [�8Ê, Á{�, 4´û, 479, ¸

�� 2003ÔnÆ� 52 2934]

[4] Yu W, Meng L H, Yuan J, Lu H J, Wu S J, Fu G S 2010Sci. China

Phys. Mech. Astron.53 807

[5] Viera G, Huet S, Boufendi L 2001J. Appl. Phys.90 4175

[6] Cheng Q J, Xu S Y, Huang S Y, Ostrikov K 2009Cryst. Growth

Des.9 2863

[7] Shirai H, Saito T, Li Y, Matsui.H 2007J. Appl. Phys.10133531

[8] Morales M, Leconte Y, Rizk R, Chateigner D 2004J. Appl. Phys.

97 34307

[9] Lucovsky G, Nemanich R J, Knights J C 1979Phys. Rev.B 19

2064

[10] Sidhu L S, Kosteski T, Zukotynski S 1999J. Appl. Phys.85 2574

[11] Maley N 1992Phys. Rev.B 46 2078

[12] Luo Z, Lin X Y, Lin S H, Yu C Y, Lin K X, Yu Y P, Tan W F 2003

Acta Phys. Sin.52 169 (in Chinese) [Û�, �à=, �_�, {

ÙH, �¶Ô, {�+, �´ 2003ÔnÆ� 52 169]

[13] Langford A A, Fleet M L, Nelson B P, Lanford W A, Maley N

1992Phys. Rev.B 45 13367

[14] He B, Chen, G H, Zhu X H, Zhang W L, Ding Y, Ma Z J, Gao Z

H, Song X M, Deng J X 2006Chin. Phys.15 866

[15] Watanabe S 2000J. Chem. Phys.1132423

[16] Higashi G S, Chabal Y J, Trucks G W, Raghavachari K 1990Appl.

Phys. Lett.56 656

[17] Smets A H M, Kessels W M M, van de Sanden M C M 2003Appl.

Phys. Lett.82 1547

[18] Touir H, Zellama K, Morhange J F 1999Phys. Rev.B 59 10067

[19] Messier R 2008Journal of Nanophotonics2 21995

[20] Thornton J A 1986J. Vac. Sci. Technol.A 4 3059

[21] Mullerova J, Sutta P, van Elzakker G, Zeman M, Mikula M 2008

Appl. Surf. Sci.2543690

[22] Chen Y S, Xu Y H, Gu J H, Lu J X, Yang S E, Gao X Y 2010

Chin. Phys.B 19 87206

[23] Sriraman S, Agarwal S, Aydil E S, Maroudas D 2002Nature418

62

[24] Abelson J R 1993Appl. Phys.A 56 493

[25] Bharathi P, Suraj K S, Prahlad V, Mukherjee S, Vasu P 2009

Physics of Plasmas16 53504

[26] Tatarova E, Dias F M, Puac N, Ferreira C M 2007Plasma Source

Sci. Technol.16 52

[27] Ryan K R, Graham I G 1973J. Chem. Phys.59 4260

[28] Bogaerts A, Gijbels R 2002Phys. Rev.E 65 56402

[29] Ding W Y, Xu J, Li Y Q, Piao Y, Gao P, Deng X L, Dong C 2006

Acta Phys. Sin.55 1363 (in Chinese) [¶�r, M�, oý�, È

], p+, "#É, ÂL 2006ÔnÆ� 55 1363]

[30] Gerbi J E, Abelson J R 2007J. Appl. Phys.10163508

[31] Lebib S, Roca i Cabarrocas P 2005J. Appl. Phys.97 104334

[32] Matsuda A 1999Thin Solid Films3371

[33] Robertson J 2003J. Appl. Phys.93 731

[34] Fedders P A 2000Phys. Rev.B 61 15797

[35] Yang Y H, Katiyar, Feng F G, Maley N, Abelson J R 1994Appl.

Phys. Lett.65 1769

028104-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 028104

Hydrogenated poly-crystalline silicon thin films
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pulsed dc twin magnetron sputtering∗
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Abstract

Hydrogenated poly-crystalline silicon thin films are deposited by inductively coupled plasma assisted pulsed dc twin magnetron

sputtering at a temperature below 300◦C. The samples are characterized by X-ray diffraction, Raman scattering, transmission electron

microscopy, and Fourier transform infrared spectroscopy.The relationship between hydrogen dilution ratio and the characteristic of

thin film is studied systematically. The mechanism of crystallization is discussed on the basis of the results of diagnosis of plasma by

Langmuir probe and optical emission spectra.

Keywords: poly-Si thin films, inductively coupled plasma, magnetron sputtering, Raman scattering
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