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�©æ^�ª�lfNOrzÆí��È (rf-PECVD) Eâ3ü¬7�.þ�È
ü�X��7��. ÏLé
�¬?1�½�Ýý� �ÿÁ, (JL²1��X�7����¬7, /¤
âC� a-Si:H/c-Si É�(�, d(
�3 HIT >³¥k|u/¤Ð�.¡A5, éu�¬7��æ^Ï~� Tauc-Lorentz ~{�. (Genosc) [Ü(J
éÐ; 1��X�7���	ò7, éu	ò7��, �X�þO\¬zÇü$, �	ò7��þÝ� 46 nm �m©
�¬7)�. éu	ò7Ï~æ^ EMA �. (=ò7��N�w¤d�¬7Ú c-Si �¤�·Ü�) [Ü(J�Ð,

�7��¥Ñy�¬7)��, òN�©¤·Ü�Ú�¬7ü�, æ^n��.[Ü(JéÐ. �©y¢
ý 1
Ì©Ûæ^ØÓ��.�éü¬7�.þØÓ(��7��?1k�L�.

'�c: ��7, É�(, ý� �1Ì
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1 Ú ó

HIT(hetero-junction with intrinsic thin layer) �
�>³´3¬N7þ)����z�¬7��, ù
«>³ok��>³�$¤�Ú¬N7p�Ç�
`:. Ïd, Cc5É�IS	�2�'5. æ^
��7��é¬N7L¡ðz´ HIT >³��L
§¥�'�Eâ, 7���(���K�¬N7
L¡�ðz�JÚ HIT >³�Ç [1,2]. Ïdé HIT

>³¥7��(�?1k�L�äk�©­��
¿Â. �´, du HIT >³¥d�7���þÝ=
� 10—15 nm, U
k�L�Ù(��Ãã4Ùk
�. æ^ß�>º (TEM) �*	� HIT >³¥7
��¿¡(� [3]. �´, æ^ TEM ����E,,

¿�é�¬E¤»�. 
ý� �Eâ´�«Ã�
ÿþÃã, äk4p�°Ý, U
ÿþ�A� nm þ
����(�&E [4]. Ïd, ý� �Eâ�±k

�L� HIT >³¥7���þÝÚ(�, 8ck'
ù�¡���Ì�8¥3ïÄ�¬7�� [5−7]. 

3Ó��¬N7�.þ7��N´	òÚ¬z, Ï
d$^ý� �EâO(L�ØÓ(� (	ò7Ú
�¬7) �7��´��7��(�!��`�7
���cJ.

�©æ^�ª�lfNOrzÆí��È (rf-

PECVD) Eâ3ü¬7�.þ�È
ü�þÝX
�7��, ÏLUC�Èëê��Ñ�¬7�Ú	
ò7. ý� �Eâÿþ
7��0>~ê�J
Ü ε2, é�¬7Ú	ò7�©Oæ^ØÓ��.,

O(�Ñ
ü¬7�.þ7���þÝ!L¡o
÷ÝÚ¬zÇ.

2 ¢ �

æ^ PECVD EâÏLUC�Èëê3 n .
ü¬7�.þ�È�¬7Ú	ò7X���. ü
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¬7�.� n . (100)CZ �1¡, >{Ç� 2—

5 Ω·cm. ü¬7¡æ^IO� RCA �W [8], �\
�È¿�c, ^ 1%� HF M����z� [9]. 1
�X��¬�Èëê�: �.§Ý 200 ◦C, �A¿
íØ 1 Torr (1 Torr = 1.33322 × 102 Pa), íNo
6þ 75 ml/min, 7�ßÝ ([SiH4]/[SiH4]+[H2])4%,

õ Ç � Ý � 40 mW/cm2, � È � m © O � 7,

14, 21 Ú 30 min, � � o � Ø Ó þ Ý � � ¬;

1 � X � � ¬ � È ë ê �: � . § Ý 200 ◦C,

� A ¿ í Ø 2 Torr, í N o 6 þ 200 ml/min, 7
� ß Ý ([SiH4]/[SiH4]+[H2]) � 2%, õ Ç � Ý
� 93 mW/cm2, �È�m©O� 12, 20 Ú 35 min,

��n�ØÓþÝ�¬.

ý 1Ìÿþæ^{I J. A. Woollam úi)
�� VASE .ý Ì¤, ÿþ�\���½� 70◦,

31ÌÅã��� 240—950 nm S, ± 5 nm �
Å � m �, ÿ þ � � � � � ý   ë ê ε2 �, ¦
^ WVASE32 ^�éêâ?1©Û?n.

3 (J�?Ø

ã 1 ´1�X��¬ý 1Ìÿþ���0
>~ê�JÜ ε2 �. éu a-Si:H, Ù ε2 3 3.7 eV N
Ck¸�, 
ü¬7K3 3. 5eV Ú 4. 2eV NCk
ü�¸� [10]. lã 1 wÑo��¬�þ3 3. 7eV

NCÑy¸�, ÏdTX��¬þ��¬7��,

37��/ü¬7.¡?/¤
âC� a-Si:H/c-Si

É�((�, d(�k|uü$ü¬7L¡�"�,

Jp7��éü¬7L¡ðz�J. ã 1(a) Ú (b)

3 3.3 eV NCÑy¸ , ù´duùü��¬þÝ
��, �ü¬7�.� ε2 ÍÜ�^
Ñy�, ù

�k'©z���(J´��� [11]. dX��¬
�Èëêæ^p�7�ßÝÚ�$�õÇ�Ýk
|u/¤�¬7(�. éudX��¬æ^ü��
.?1[Ü, Xã 2 ¤«. 3ü��.¥ò7��
w¤´d7��N�ÚL¡o÷��¤, L¡o÷
�w¤d 50%�7��Ú 50%�É|¤, L¡o ÷

ã 1 1�X��¬ý 1Ìÿþ���0>~êJÜ ε2 (a) 7 min; (b) 14 min; (c) 21 min; (d) 30 min
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� � 0 > ~ ê æ ^ k � 0 � � . (EMA) O �.

dub�L¡o÷�S�3 50%�É, 7��þ
Ý d = db + 0.5ds(Ù¥ db ´N�þÝ, ds L¡o
÷�þÝ). 7���1Æ~êæ^Ï~� Tauc-

Lorentz ~{�. (Genosc) [Ü [10], Tauc-Lorentz

~{�.��

ε2 =


AE0C(E − Eg)

(E2 − E2
0) + C2E2

× 1
E

, E > Eg,

0, E 6 Eg.

ε1 =
2
π

∫ ∞

Eg

ξε2(ξ)
ξ2 − E2

dξ.

éã 1 [Ü�� (a), (b), (c) Ú (d) �¬�þÝ d ©
O� 10.7 nm, 18 nm, 31 nm Ú 41.3 nm. 3 Tauc-

Lorentz ~ { � . ¥ ^ � � ë ê A = 184.38,

C = 2.2057, E0 = 3.82 eV, Eg = 1.7465 eV, Ù
¥ A, C, E0 Ú Eg ©O´��Xê!*ÐXê!ε2

�¸�� �Ú�Y°Ý.

ã 2 ^u1��X��¬�ü��.

ã 3 ´1�X��¬0>~ê�JÜ ε2 ý
 1Ì¢�ÿþ�. lã 3 wÑ1��X�7�
� ε2 ��1��X�²wØÓ, dX��¬� ε2

�3 3.5 eV Ú 4.2 eV NCþk¸ , éA c-Si � ε2

¸� �, ��±�½TX��¬¥7�k¬z,

=7��3ü¬7L¡Ü©	ò. dudX�7
���7�ßÝ$ÚõÇ�Ý�p, Ïd7��
N´¬z/¤	ò7. d�ã 2 ¥�ü��.®
Ø2·^, ·�I�ïá#��., Xã 4(b) ¤«,

ò7��N�w¤d�¬7Ú c-Si �¤�·Ü�,

7���0>~êæ^ EMA �.. æ^�. b é
1��X��¬ (a) Ú (b) [Ü����þÝ©O
� 20.3 nm Ú 41 nm, ¬zÇ©O�� 55%Ú 53%.

lã 3 ¥�±wÑéu�¬ (a) Ú (b) æ^�. b

[Ü(J �¢�ÿþ�ÎÜéÐ, 
é� ¬ (c) æ

ã 3 1�X��¬ý 1Ìÿþ���0>~êJÜ ε2

(a) 12 min; (b) 20 min; (c) 35 min

^d�.[Ü(J�¢�� l��. �U��
Ï´7��3Ó��ü¬7�.þN´¬z, Ï
d.¡?��7¬zÇp, �XÅì�l.¡¬
zÇeü, ������½þÝ��ªu�¬)
� [11]. du7��(��p�Øþ!5, ·�ò
7��N�©¤N� 1 ÚN� 2, N� 1 E´d�
¬7Ú c-Si �¤�·Ü�, 
N� 2 ´d�¬7
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�¤, =Xã 4(c) ¤«�n��.. æ^�. c é
�¬ (c) [Ü�ÿþ�ÎÜ�Ð, [Ü��þÝ d

� 62 nm, Ù¥ EMA �þÝ db1 = 46 nm, �¬ N

�þÝ db2 = 16 nm, EMA ��¬zÇ� 51%.

ù`²	ò7��þÝ� 46 nm �m©�¬7
)�.

ã 4 ^u1��X��¬�ü��. (b) Ún��. (c)

4 ( Ø

æ^ PECVD �ÈEâ3ü¬7�.þ©O
�È
ü�þÝX��7��. ÏLUCó²ë
ê, 3ü¬7L¡�È
�¬7Ú	ò7��. é
u�¬7��, æ^Ï~� Tauc-Lorentz ~{�
. (Genosc) [Ü(JéÐ. 
éu	ò7��, Ï

~æ^ EMA �. (=ò7��N�w¤d�¬
7Ú c-Si �¤�·Ü�) [Ü(J�Ð, �7��
¥Ñy�¬7�, òN�©¤·Ü�Ú�¬7ü
�, æ^n��.[Ü(JéÐ. 3�©¢�¥[
Ü(JL²	ò7��þÝ� 46 nm �m©�¬
7)�.
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Abstract

Two series of silicon films on c-Si substrates with different thicknesses are deposited by radio frequency plasma enhanced chem-

ical vapor deposition (rf-PECVD). The structures of samples are investigated by spectroscopic ellipsometry (SE) with fixed angle.

The results show that the films are all amorphous for the first series of samples. In such a case an abrupt a-Si:H/c-Si heterojunction

is formed which is beneficial for the passivation of the interface of HIT solar cell. For amorphous silicon films, the fitting result is

acceptable by using Tauc-Lorentz Genosc model. For the second series, the films are of epitaxial Si at the initial deposition stages, the

amorphous fraction increases with the increase of thickness. When the film thickness reaches a critical value of 46 nm, a transition to

pure amorphous phase occurs. The epitaxial film shows excellent fitting by using the effective medium approximation (EMA) model

under the assumption of the mixture of c-Si phases and a-Si:H. However, we obtain better fitting result by using a three-layer model,

whose bulk layer is divided into EMA layer and a-Si layer after the transition to pure amorphous phase. This study indicates that the

SE analysis, operated in different models, is effective to characterize different structures of silicon films on c-Si substrate.
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