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�©0�
�«(½àÜÔ��U>³õU�1Æ~êÚþÝ��{. T�{/ÏuA½�ÚÑ�.[Ü
ß�ÇÿÁ�±¼�õU�1Æ~êÚþÝ�. ©¥'�
 Forouhi-Bloomer Ú Lorentz-Oscillator �.3NÉ�
(���ß�Ç[ÜO�¥�·^5, O�
 poly(3-hexylthiophene)(P3HT)/[6,6]–phenylC61-butyric acid methyl ester

(PCBM) Ú poly[2-methoxy-5-5(2’-ethyl-hexyloxy)-1,4-phenylenevinylene](MEH-PPV)/PCBM NÉ�(���1Æ~
êÚþÝ. [Ü�����¢��ÎÜûÐ, þÝO��(J���¤ÿþ(J�±��, Ø��u 4%. ?�
Ú©Û���9ò»Ú\\p£:MJV\J� P3HT/PCBM ���1Æ~êÚ1ÆB����Aì�ÏSA5
�Î. T�{·^u¤kNÉ�(�õU�, �^uàÜÔ��U>³��X`zÚ3�uÿ.

'�c: àÜÔ��U>³, 1Æ~ê, ßLÇ�, Forouhi-Bloomer �.

PACS: 88.40.jr, 82.35.Cd, 78.66.−w

1 Ú ó

àÜÔ��U>³´�«#.���U>³,

Ù¤�$, þ�, \óó²{ü, Cc5áÚ
<
��5�õ�'5. ��DÚ7Ä��U>³�O
�ö��, Ta>³3���¡ÈR5ì�þ�`
³c�Ú<58. àÜÔ��U>³uÐ�8, N
É�(��´Ù�k��õU�(��� [1,2]. N
É�(´�N�ÝàÜÔÚkÅÉNá��·/
¤�É�((�. L�Acp, ïÄ<
ïÄ
9
ò», M�ò»Ú¦^p£:MJV\J��X�
�ª5?�ÚUõNÉ�((�ÚõU [3−8]. àÜ
Ô��U>³õU��1Æ~ê�ÚÔnþÝé
u>³ì�5U�?�Ú`zkX�¿Â [9−11].

��5`���1ÆA5ØÓu�A�¬Gá�,

���ÉN�·(��NÉ�(, Ù1ÆA5�
·'~9¤�ó²�K��\E,. Ïd{ü°
(/¼����1Æ~êÚþÝ�´�~��.

3yk�ÿþ��{¥, ý {´A^�2���
{��, äkép�ÿþ(¯ÝÚ°Ý. �´§�
6u°��ÿÁ¤ìÚO��., ¿�K�Ùÿþ
O(ÝÏ�éõ, X\��!XÚN�G�, 1Æ
���þ, �¸D(, ¢S�ÿ���êÆ�.�
�É�� [12−14]; cºÍÜ{KÏ���)�½�
�ª�¦��þÝ�þ, �Uÿ�����ò
�ÇÉ�ÍÜcº���; �ä�{I���éþ
±�)Z���, ��¦��´fáÂ�. ù
Ñ
Ø�·ÜuàÜÔ��U>³NÉ�(�1Æ5
�ÿþ [14−16].
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àÜÔ��U>³õU��1Æ~ê�Ônþ
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�þÝ!ò�ÇÚ�1Xê. ·�'�
ü«
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Æ~ê�ÔnþÝ�[ÜO�¥�·^5, ¿ÿ
Á
3ÀæÄ�þ^M�^æ{��� poly(3-

hexylthiophene) (P3HT)/ [6,6]-phenyl C61-butyric

acid methyl ester (PCBM) Ú poly[2-methoxy-5-

5(2’-ethyl-hexyloxy)-1,4-phenylen-evinylene] (MEH-

PPV)/PCBM �����þÝ!ò�ÇÚ�1X
ê. T�{=I�{ü/ÿþß�Ç�, Ò�±
��àÜÔ��U>³NÉ�(�1Æ~êÚÔ
nþÝ, 3T«>³�¢�ïÄÚó�)�i�¥
Ñäk��A^d�.

2 � n

���ß�Ç�±¦^��1Æ��nO�
��. ����Ã�þ�Ä�þk��þ!�àÜ
Ô���, ���A5Ý
�±L«� [14] B

C

 =

 cos δ
i
η

sin δ

iη sin δ cos δ


 1

ηs

 , (1)

Ù¥, η = n − ik Ú ηs = ns − iks ©O���ÚÄ
��Eò�Ç. δ = (2π/λ)ηd ´\�1�\��T
����� þÝ, d ´���ÔnþÝ. d (1) ª
Ò�±����ÚÄ��|Ü�B Y = C/B, Ï
d�����ÇÚß�Ç�§�±��

R =
∣∣∣n0B − C

n0B + C

∣∣∣2, (2)

T =
4n0|ns|

|n0B + C|2
, (3)

Ù¥, n0 �\�0��ò�Ç, ùp·�� n0 =
1(�í). duÄ���L¡k��, Ïdß�Ç¬
ü$, 7L?1?�. �Ä�Ä��þÝ'��, �
±b�Ä�vkZ�y�, �krÝU\, K

T ′ =
TTs

1 − RsR
, (4)

Ù¥, R, T ©O´ (2) Ú (3) ª�(J. Rs, Ts ´�
Ã�Ä����Úß�Ç [15,16].

du�kÿþ���ß�Ç�, Ïd3O
�¥7L¦^Ü·�ÚÑ�.5[Üß�Ç�
âU
����á��1Æ~êÚÔnþÝ. 3
¢�L§¥, Lorentz-Oscillator Ú Forouhi-Bloomer

�.Ñ�A^uß�Ç��[Ü±'�=«�
.�·ÜuàÜÔ��U>³�õU�. Lorentz-

Oscillator �.¥, E0>~ê�±L«� [17]

ε = εr + iεi

= ε∞

[
1 +

m∑
j=1

A2
j

(Ecenter)2j − E(E − ivj)

]
, (5)

ùp εr Ú εi ©O´TE0>~ê�¢êÜ©ÚJ
êÜ©, E ´1fUþ, Aj , νj Ú (Ecenter)j ©O´
1 j ���f��Ì, ªÇÚ¥%Uþ. m ´��
f�ê8, [ÜL§¥À� m = 6. ¦Ñ
���
E0>~ê, á��ò�Ç n Ú�1Xê k Ò�±
L«� [17,18]

n =

√√√√√
ε2
r + ε2

i + εr

2
, (6)

k =

√√√√√
ε2
r + ε2

i − εr

2
. (7)

3 Forouhi-Bloomer �.¥, ���d��b½
�¥�Ô�/G, ��ÝdU?m�B�°Ý Eg

L�, ò�ÇÚ�1Xê�1fUþØÓCz,

ÙL�ª�

n(E) = n(∞) +
q∑

i=1

B0iE + C0i

E2 − BiE + Ci
; (8)

k(E) =
q∑

i=1

Ai(E − Eg)2

E2 − BiE + Ci
; (9)

B0i =
Ai

Qi

[−B2
i

2
+ EgBi − E2

g + Ci

]
,

C0i =
Ai

Qi

[
(E2

g + Ci
Bi

2
− 2EgCi

]
,

Qi =
(4Ci − B2

i )1/2

2
. (10)

Ø
^uL�á�3pU??�ò�Ç� n(∞),
Ù¦�A�ëêþÚá��>Æ(��'. q �¤
���§ª��ê, §û½
[Üëê�oê8,

[ÜL§¥À� q = 5[14−16].

�
µd[ÜL§�Ð�, ùp�I���8
I¼ê5µd[Ü���ß�Ç��¢S*ÿ
ß�Ç�� �§Ý, ùp��

Merite =

{
1
N

∑ [(Tcal − Texp

Texp

)2
]}0.5

, (11)

Ù¥, N ´ÿþ:�ê8, Tcal Ú Texp ©O´O�
Úÿþ�ß�Ç�. 8I¼ê����, [Ü��
J�Ð. [ÜL§æ^�ÛÚî{5Ïéü��.
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¥��ëê��`��¦�µd¼ê��, l¡O
�Ñ���1Æ�êÚÔnþÝ�.

3 ¢�Ú(J©Û

P3HT/PCBM � MEH-PPV/PCBM NÉ�(�
�´8càÜÔ��U>³ïÄ¥A^�©2�
�ü«õU�á�. ¢�¥¤¦^���æ^M

�^æ{��. Ù¥M��þ�'� P3HT/PCBM:

5/4 (wt%); MEH-PPV/PCBM: 1/4 (wt%), MJþ�
�Å�, ü«M�MÝþ� 20 mg/ml. ^æ�=�
� 1000 r/min, �m� 1 min. ^æ3ÀæÄ�þ
� P3HT/PCBM Ú MEH-PPV/PCBM ���ßLÇ
�æ^©11ÝO (�9 UV310) ¼�, Å���
� 400—780 nm, ÿÁm�� 1 nm. Ó�|^L¡
Ó+¤ (Deltek 3M) ÿÁ���ÔnþÝ.

ã 1 Forouhi-Bloomer (¤ ) � Lorentz-Oscillator (©) �.[ÜO�� (a)MEH-PPV/PCBM Ú (b) P3HT/PCBM ��ß�Ç
�; (c) æ^ Forouhi-Bloomer �.O��n«^�e P3HT/PCBM ��ß�Ç� (¤: �?n; ©: 150 ◦C ò»; 4: V\ OT)
Ún«^�e¢S�ÿÁ� (�¢�) lþ�e�g´: �?n; 150 ◦C ò»; V\ OT

ã 1(a) Ú (b) ´ æ ^ Forouhi-Bloomer

Ú Lorentz-Oscillator �.[ÜO�¤�����
ß�Ç��©11ÝOÿÁ���ß�Ç�
�é'ã. ü«�.[Ü�þÝ�!µd¼ê�±
9��¤ÿþ�ÔnþÝÚØ��¹XL 1 ¤«.

Ù¥, P3HT/PCBM-1: Ã?n� P3HT/PCBM ��;

P3HT/PCBM-2: 150 ◦C 9ò»?n� P3HT/PCBM

��; P3HT/PCBM-3: V\p£:MJV\J 1, 8-

octanedithiol (OT) ?n�� P3HT/PCBM ��; dfit:

[ÜO����þÝ; dexp: ��¤ÿÁ���
þÝ�; Merite: [ÜO��8I¼ê�; Error: ¢
SþÝ�[ÜþÝ�Ø��; Isc: ±�ANÉ�
(�õU��>³ì��á´>6�Ý. 3nØ

þü«�.Ñ÷v Kramers-Krong 'X, ·^u
��Ná�áÂ��ÚÑ'X�[ [14−17], �é
u�©¥ÿÁ�ü«àÜÔ��U>³�õU
�, Lorentz-Oscillator �.���(J�Ù¦ÿÁ
(J ���, ��µd¼ê�ÚØ��Ñ��
�u Forouhi-Bloomer �.. ù�U´duàÜÔ
��U>³��3��«��ß�Ç�ØÎ
Ü Lorentz-Oscillator �., [Ü�[Üëê��Å
5��, ¿ØN´Ïé�Ü·�ëê�. Ïd·�
3�e5�ó�¥Ñæ^ Forouhi-Bloomer �.5
?1©Û. ã 1 (c) ¥, |^ Forouhi-Bloomer ïÄ


n«ØÓ^�e� P3HT/PCBM ���ß�A
5, ¿�¢Sÿþ��'�.

L 1 ^ Forouhi-Bloomer (FB) Ú Lorentz-Oscillator (LO) �.[ÜO��¢�'�(J

dfit/nm Merite /%
dexp/nm

Error/%
Isc/(mA/cm2)

FB LO FB LO FB LO

MEH-PPV/PCBM 140.10 160.83 3.29 4.58 145.2 3.5 10.8 3.534

P3HT/PCBM-1 83.09 89.83 5.35 20.32 80.4 3.3 11.7 4.392

P3HT/PCBM-2 101.83 110.34 4.78 21.18 103.5 1.6 6.6 7.809

P3HT/PCBM-3 83.90 92.40 5.69 18.91 81.1 3.8 13.9 8.064
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ã 2 (a) Forouhi-Bloomer �.O����o«ØÓNÉ�(�ò�Ç�; (b) O����o«ØÓNÉ�(��1Xê�

ã 3 n«NÉ�(�áÂXê�1fUþ�'Xã

ã 4 o«NÉ�(�õU��àÜÔ��U>³�
ÏSA5�

àÜÔ��U>³��1>=z�ì�, Ùõ
U����1áÂUå�~� [9,10]. ���1
áÂXê�'u���ò�Ç��1Xê�¦È.

ã 2 (a) �ÏL Forouhi-Bloomer �.[ÜO��
�� MEH-PPV/PCBM Ú P3HT/PCBM ü«ØÓN
É�(���ò�ÇÚ�1Xê�. Ù¥, �²
L`z?n� MEH-PPV/PCBM � P3HT/PCBM �

��ò�Ç¸� 1.97 Ú 1.94, ©OÑy3 550 nm

Ú 560 nm. ù�©z¥���ê��C [19,20]. ã 2

�[ÜO�¥Ó���üö�ò�ÇÚ�1Xê
�, MEH-PPV/PCBM �ò�ÇÚ�1Xê3�
�1«�S�²þ��$u P3HT/PCBM, `²c
ö�3��1Åã�1áÂUå�fu�ö. ù�
L 1 ¤«�ü«>³�>6�Ý��(J�Î, `
²�[O����1Æ~ê��¢S�¹�Î.

éuÓ�«àÜÔ��U>³õU�á�, �
±ÏLØÓ�?n�{5U?Ù5U [1,2]. Ù¥9
ò»Ú\\p£:MJV\J´àÜÔ��Uõ
U��ü«~^�`z�{, ïÄL²§��±k
�/JpNÉ�(SàÜÔá��(¬§Ý, ¦N
É�(S�àÜÔ�©f/¤n��G�(�l
Uõ
ì�S�16fDÑ�Ç, `zì��>
Æ5U [3,4], ,ùü«ì�?n�{éì��1
áÂUå�K�%¾kJ9. ùpÏLkc�[
ÜO��{©Û
9ò»Ú\\p£:V\Jé
ì�1Æ~ê�K�. ¢�¥ü«?n�^�©O
´: 1) 9ò»§Ý� 150 ◦C, �m� 5 min; 2) ¤^
V\ÏJ� OT (¢�y²ù«p£:�V\ÏJ
k|u P3HT �(¬ [3]), 3·ÜM�¥á�ßÝ
� 20 mg/ml. Xã 2(a) Ú (b) ¤«, [ÜO��(J
w«���ò�ÇÚ�1Xê��4��:¤
3�Å����'u�?n����O�Nõ, 
�ê��'�?n���JpNõ. ���1ÆB
�°Ý´ïþ��1áÂUå����ëê, Ù
���±ÏL����1Xê�O���. kÅ
��N�U�(��ÊÏ�ÃÅ��N�d�(
�kNõ�q [14,21]. 3��N�páÂ«� (áÂ
Xê α > 104 cm−1), ÙáÂXê�1fUþ÷v
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αhν = G(hν − E0
g)m,

α =
4πk

λ
, (12)

Ù¥, E0
g ´1ÆB�°Ý, hν ´1fUþ, α ´á

ÂXê, k ´�1Xê. �ê m ���ûuá�
�[�5�, Ù¥ m = 1/2, 2 ©O����Y�
[Ú����Y�[��A��ê�. Xã 3 ¤
«, éu P3HT/PCBM ��, � m = 2 �, áÂU
þ (αhν)2 Ú\�1fUþ hν 3áÅ«�üö�
�5'X�Ð. ù`²õU��A5�����Y
�[���Ná��C, ù�TõU�dü«kÅ
��Ná��·, U?�¹��,Ï�Î. ùpÀ
J���5«�¿	í���: ²L9ò»�
����1ÆB�°Ý�k� 1.88 eV, V\p£:
�MJ?n�����1ÆB�°Ý� 1.86 eV, þ
�u�?n��õU��1ÆB�°Ý� 1.92 eV.

ù�U´duùü«?n�ªÑ¬Uõ P3HT �
(¬§Ý, P3HT ©f5�Ý�JpÚå©fm�
^åO�, 3�½§ÝþJp�ÝNX, l¦á
Âù£. �
�yT[ÜO��{���1Æ~
ê�O(5, ¢�¥��
±ùo«NÉ�(�õ
U��àÜÔ��U>³. �á´>6�Ý�X
L 1 ¤«, ã 4 �éA�ÏSA5�. ¦^ MEH-

PPV/PCBM ���õU����U>³>³Uþ
=z�Ç$u P3HT/PCBM >³�á´>6�Ý
�, ²Lü«`z?n�� P3HT/PCBM �>³�
Ç²wJp, 9ò»ÚV\p£:MJV\J�
ì��á´>6�Ý���, �ö�á´>6�Ý

Ñpucö. ù
(J�c©|^ß�Ç[ÜO�
Ñ�õU��1Æ~ê9Ù©Û(J�Î, ¿©`
²
¦^ Forouhi-Bloomer �.[ÜO���ß�
Ç���{�±��'�O(�1Æ~ê�.

4 ( Ø

�©0�
�«ÏLÿþß�Ç�5ïÄ
àÜÔ��U>³õU��1Æ~êÚÔnþÝ
��{. ¢�¥'�
 Forouhi-Bloomer Ú Lorentz-

Oscillator ü«ÚÑ�.3àÜÔ��U>³õU
�1Æ~ê�ÔnþÝ[ÜO�¥�·^5, Ù
¥ Forouhi-Bloomer �.éü«~^àÜÔ��U
>³�õU� MEH-PPV/PCBM Ú P3HT/PCBM �
��[Ü(J���¤�ÿþ(JÎÜ��Ð, Ø
��u 4%. ÏLT�.�[ÜO�©Û
9?
nÚ\\p£:MJV\J�~^`z?nÃã
é P3HT/PCBM NÉ�(�1Æ~êÚ1áÂU
å�K�. ¤���1Æ~êÚ1ÆB�°Ý��
�A>³ì��ÏSA5�ÎÜ, ly²
[
ÜÑ�1Æ~ê�O(5. T�{·^uA«kÅ
��Ná��·�NÉ�(��, �±O�þÝ�
é����±9õ���, éN´í2�Ù¦àÜ
Ô��U>³�õU�á��ïÄ¥. du�±Ã
�>/ÿþ���1Æ~êÚÔnþÝ, �±^u
àÜÔ��U>³ó�)�¥�i�, ¿¢�©Û
ÙÔnA5, éuàÜÔ��U>³�¢^zäk
�¿Â.
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Abstract

We present a simple and accurate method of determininy the optical constant and physical thickness of the photoactive layer in a

polymer solar cell. The applicabilities of the physics models including Forouhi-Bloomer and Lorentz-Oscillator models in transmission

curve fitting are compared. This method is used to calculate the optical constants and film thicknesses of poly(3-hexylthiophene) (P3HT)

/[6,6]–phenyl C61-butyric acid methyl ester (PCBM) and poly[2- methoxy-5-5(2’-ethyl-hexyloxy)-1,4-phenylenevinylene](MEH-

PPV)/PCBM bulk heterojunction, The calculated transmission curves fit to the experimental ones well. The results accord with those

reported in the literature and from the step profiler, and their error is less than 4%. The optical constant and the physical thickness of

polymer solar cell after the optimization process including thermal annealing and adding high-boiling-point additive are studied, and

the results are consistent with the voltage-current characteristics of the cell. This method is suited for bulk heterojunction films and can

be used in polymer solar cell optimization and detection system.
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