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Äu�ÝàÜÔ�Ná� P3HT ÚLVLû)ÔÉNá� PCBM �·�NÉ�((��àÜÔ��U>³,

ÏÙ�Ç16f[£Ç$��
 P3HT : PCBM õU�þÝ, lK�
ì�é\�1�áÂ. 3àÜÔõU�L
¡Ú\�B1»(��±¦ì�S>|#©Ù¿Uõì��1áÂ. �©Äu��k��©�{�ý��
1
»±Ï� 1 µm, Ó�'� 0.5 ±9\�Å�©O� 500 Ú 700 nm ���ì�S1>|©Ù; ¿Äuî�ÍÜÅ©
Û�{O���
ØÓ1»�ÝÚ1»Ó�'�ì�1áÂ. nØ©ÛL²: �\�B1»(��, du1»û�
Or�^¦ì�SÑy
1à�y�; �Ó�'� 0.5 �, 1»�Ý� 10 nm �ì�3\�Å�� 512 nm �, ì�
1ÆáÂO\
 4.2%. Äuà�`Ä7����Ø<Eâ, ��
�B1»(�àÜÔ��U, ì�(�� ITO/

PEDOT : PSS 1»�/ P3HT : PCBM/ LiF/Al. Tì��²�ì��5Ué'¢�y¢, ÏL3 PEDOT : PSS þÚ\
�B1»(�, ì�Uþ=z�ÇO\
 31%.

'�c: �B1», ��k��©©Û, î�ÍÜÅ©Û, àÜÔ��U>³

PACS: 72.40.+w, 88.40.jr, 84.60.Jt

1 Ú ó

àÜÔ��U>³ÏÙR5´u��!¤
�$í!1ÆáÂÅ���N�5�`: [1−6], é
u#U�mu�|^äk�¿ÂÚd3d�.

Äu P3HT : PCBM NX�NÉ�(àÜÔ��>
³E´�cT+�ïÄ�9: [7,8]. ù«àÜÔõ
U�á��,äkép�1áÂXê [9], �´$
�16f[£Ç¦�àÜÔõU�ØU�þ, õ
U���q¬ü$ì��1ÆáÂ. 3ì�SÚ\
1à�½�1(��O\\�1f3õU��D
Ñ1§, lUõì��1áÂÚO\ì�á´>
6 [10−12]. �
ØÓ�1Æà�Ú “�²” (�®
²^uÃÅ��U>³ [13]. éuàÜÔ��U>
³ó, ¦^�1(�±p�|^��1¿�Xà
ÜÔõU��±?�Ú~�, =3àÜÔõU��

þL¡½eL¡Ú\��½��1»(�, |^1
»é1�û��^¦\�1§\r, ±O\ì�é
1�áÂ [14]. 8c3àÜÔ��L¡���B1
»(�L§¥~^��{k>få�K [15−17]!
àÜÔB�Ø<â [18] Ú lift-off �l [19−21] �. �
©æ^à�`Ä7�� (PDMS) àÜÔ�Ø<E
â (micro-imprinting) 3�ÇDÑ� PEDOT : PSS

þ��æ��1»(� [22−24].

�©ÄkÄu��k��© (finite difference

time domain, FDTD) �{©Û
1»±Ï� 1 µm,

Ó�'� 0.5, \�Å�©O� 500 Ú 700 nm �
��ì�S�1>|©Ù [25]; ¿Äuî�ÍÜ
Å (rigorous coupled wave, RCWA) �{O���

ØÓ1»�ÝÚ1»Ó�'�ì�1áÂ [26]; �
�, ��
�B1»(�àÜÔ��U>³ì�.

31ì� 100 mW/cm2, ¿�1ÌÎÜ AM1.5 G �
IO��1�[ìì�^�e, ¼�
�B1»ì
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�Ú²�ì��>6�Ý->Ø�, ¿�
5Uÿ
Áé'.

2 �B1»ì�1ÆáÂ©Û

� R � \ � � � � 1 � � 1 » �, 1 � û
� (�)��!ß�), ¿ÎÜXe�§ [27]:

mλ = nactivep(sin θi + sin θd), (1)

ùp, m ´û�?g, λ ´\�1Å�, nactive ´à
ÜÔõU��ò�Ç, p ´1»±Ï (a+b), θi Ú θd

©O´\��Úû��. 3 PEDOT : PSS þÏL
�Ø<��
ì�(�� ITO (100 nm) /PEDOT :

PSS 1»�/ P3HT : PCBM (100 nm) / LiF (1 nm)/ Al

(120 nm) ��B1»àÜÔ��U>³. 3 P3HT :

PCBM � PEDOT : PSS ��m/¤
±Ï5�ò
�Ç©Ù, ì�(�Úò�Ç©ÙXã 1 ¤«.

ã 1 (a) 1»ì�(��nã; (b) ü±Ï (1 µm), Ó�'� 0.5 �ì�Sò�Ç©Ù

d�§ (1) ��: 3R�\��, � 500 nm6
p 6 1000 nm, éu 300 nm6 λ 6 500 nm Ú 500 nm6
λ 6 700 nm, ����û�� θd max = 46◦, ��û
�� θd min = 9.8◦. 1»�ù«û��A¬Úåì
�S1Uþ�#©Ù. ùp, ½Â TE Å�R�
u1»��, ½Â TM Å�²1u1»��, ¿b
½1»±Ï p = 1 µm, Ó�' b/(a + b) = 0.5, |
^ FDTD �{O������ì�S1>|©Ù,

Xã 2 ¤«.

3 ã 2 ¥ O � 
 \ � 1 Å � © O � 500

Ú 700 nm � � TE Å Ú TM Å � 1 r © Ù. d
ã 2(a) Ú (c) ��, �\�Å�3 500 nm �, 1»
é1���û��r, 1à�3 PEOT : PSS Ú ITO

��m. TE Å31»þ�/¤
 3 �û�4��,

TM Å31»þ�/¤
 2 �û�4��, 1r
���þ�L
 1.2. 31»� PEDOT : PSS «
� � � P3HT : PCBM � � S � Ñ y 
 1 � à
� y �. d ã 2(b) Ú (d) � �, � \ � Å � 3
700 nm �, 1»é TM 1�ß�û��^��
\r, 3 P3HT : PCBM ��SÑy
 4 �4��

:. ,, ®�� P3HT : PCBM ��éuÅ��
u 650 nm �1áÂ��, ¤±�
�k�/|^
1»3��1�áÅã���û��A, ±áÂ�
�1, 1»(��u P3HT : PCBM eL¡¬�Ð

. �kïÄL²: 3 PEDOT : PSS � (= P3HT :

PCBM þL¡) Ú\1»(�, k|uO\ì��
16f[£Ç [28]. ·�q�½
1»�ÝÚ1»
Ó�'� 30 nm Ú 0.5, Äu RCWA �{©OO�

1»~ê (a + b) � 0.5 µ m Ú 1 µm ��ì�1
ÆáÂ, uyéuù«��ì�, ��ºÝ�1»
~êéì�1ÆáÂ�K�é�. O�
1»~ê
� 1 µm �ØÓ1»�Ý c ÚÓ�'�ì�1Æá
Â, Xã 3 ¤«.

d ã 3(a) � �, ² � ì � � � á Â Å �  
u 506 nm ?, �áÂÇ�� 95%. é1»ì�
ó, �Ó�'� 0.5 �, 1»�Ý� 10 nm �ì
�3Å��u 430 nm ��u 600 nm ��1Æá
Â'²�ì�p, ¿���áÂÅ�� 512 nm �
�áÂÇ�C 99%, du1»�û�Or�^
¦dÅ�?�1ÆáÂO\
 4.2%. 1»�Ý
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� 30 nm �, Å�3 445—500 nm «m��ì�
áÂ�pu²�ì�. 1»�Ý� 80 nm �, 3�
u 460 nm �áÅ«�ì�1ÆáÂpu²�ì�.

dã 3(b) �±w�, �1»�Ý� 30 nm �Å�

3�u 500 nm �, Ó�'� 0.25 �ì�1ÆáÂ
�Ó�'� 0.5 Ú 0.75 ��ì�1ÆáÂrÝ�,

dd�±íä, Ó�'�$, �k|uOrì�1
ÆáÂ. dã 2 Úã 3 ��, Ï�3 PEDOT : PSS

ã 2 1»ì��1>|©ÙO� (a) TE \�Å, Å�� 500 nm; (b) TE \�Å, Å�� 700 nm; (c) TM \�Å, Å�
� 500 nm; (d) TM \�Å, Å�� 700 nm

ã 3 (a) Ó�'� 0.5 �, ØÓ1»�Ý c éì�1ÆáÂ�K�; (b) 1»�Ý� 30 nm �, ØÓ1»Ó�'éì�1ÆáÂ
�K�
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þÚ\1»é TE ÅÚ TM Å���û��^,

àÜÔõU� P3HT : PCBM ±9��ì��1
ÆáÂ�±Or. �1»±Ï� 1 µm �, 1»
�Ý 10 nm ±9���Ó�'¬Orì��1
ÆáÂ.

3 ¢��(J©Û

3.1 ���BBB111»»»���������

PDMS (Dow Corning, Sylgard 184) �ÌJÚ�
zJ± 10 : 1 �þ'·Ü��\Àæì®, ²
���·� 30 min ¿?1ý�Øí�?n, �z
^�� 60 ◦C \9 60 min. ± CD �¹�L¡�ý
��ø����, ò��Ð� PDMS ^æ31�¡
L¡�, 150 ◦C \9 1 h, ��¬e%�ò PDMS

l PEDOT : PSS � þ � l, � � ± Ï � 1.6 µm

� PEDOT : PSS �1»�(�, Xã 4 ¤«. Ù
¥ã¥ôÚ��f�L��L¡pÝ�Cz, ôÚ
�f�^«�âÑ5���Ü©.

ã 4 PEDOT : PSS 1»

3.2 àààÜÜÜÔÔÔ������UUU>>>³³³���������

© O ^ Z Ñ ! � l f Y ! ¯ U � � ( �
W ITO ÀæÄ� (�eHÀ, ITO þ�� 100 nm)

15 min �, ^�íNZ; 3�lfN?n�2g�
'Ä¡L¡, ^�g5�+\ 0.45 µm Y5ÈÞ
%æ�, ^!�Å (KW-4 ., ¥I�Æ��>f¥
%) é PEDOT : PSS (Baytron AI 4083) p�^æ¤
�, 3 100 ◦C eó� 1 h, þÝ�� 40 nm; P3HT

(Nichem, ©fþ� 18000) Ú PCBM (FEM, XÝ

� 99%) �þ�'� 1.2 : 1, Mu 1 mL chloroben-

zene (Alfa Aesar, XÝ� 99%), ~§�� 12 h �, 3
Ã@�S¦^�g5�+\ 0.45 µm kÅÈÞé
M�LÈ�þ!%æ3 PEDOT : PSS ��þ, ±�
½=�^!�ÅéÙ^æ¤��3Ùþ�Ø<1
»; ���þÝ©Od��¤ (Dectak3 .) ÿ½; ì
�2g=£�Ã@�, 39�þ± 150 ◦C \9ò
» 10 min; 3 6×10−6 Torr (1 Torr = 1.3×102 Pa) ý
�G�e, k�9�Û 1 nm �m� LiF Ú 120 nm

�m� Al.

4 ì�ÿÁ(J

Äu±þ�{��
²�. (ë�ì�) Ú
�B1»(��ü«àÜÔ��U>³ì�, é
ùü«ì�?1
 I-V 5UÿÁé'. 3ÿÁ
¥, æ^ 100 mW/cm2 � Oriel 450 W ��1�[
ì (ÎÜ AM 1.5 G 1Ì^�) ÑÑ1��1ì^
�, d Agilent 4155C .��Nëê©Û¤æ�¼�

 I-V �, Xã 5 ¤«.

ã 5 ²�ì�� CD 1��Ø<1»ì�� I-V �

dã 5 ��, ²�ì�Ú1»ì��m´>
Ø VOC þ� 0.53 V �m, Ã²wCz. á´>6�
Ý JSC ©O� 9.26 Ú 10.9 mA/cm2, O\
 17.7%,

W¿Ïf FF ©O� 54%Ú 59.6%, Uþ=z�
Ç PCE ©O� 2.66%Ú 3.48%. ��, ÏL3 PE-

DOT : PSS þÚ\1», ì�Uþ=z�ÇO\

 31%, ì�Uþ=z�Ç�J,Ì�8Ïu1»
ì��1ÆáÂOr. �,, 3 PEDOT : PSS þÚ
\1»Ó��Jp
àÜÔ��U>³�16f
[£Ç, ù�´ì�5UJ,�����Ï.
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5 ( Ø

± CD 1 � � � �, ^ PDMS � Ø < E â
3 PEDOT : PSS �þ��
��±Ï� 1.6 µm

� PEDOT : PSS 1»û��±91».àÜÔ�
�U>³. |^ FDTD Ú RCWA �{©Û
1»
.àÜÔ��U>³S1>|©Ù±91»éì

�1áÂ�Or�^, uy3 PEDOT : PSS þÚ\
1»(��du1�û��^, ì�S>|Û�O
r��ì�ü1Ì��áÂÇOr
 4.2%. ÏL
é²�.Ú�B1».àÜÔ��U�5Ué'
¢�uy, �'u²�.ì�, 1».ì�Uþ=
z�ÇJp
 31%.

[1] Li G, Shrotriya V, Huang J S, Yao Y, Moriarty T, Emery K, Yang

Y 2005 Nature Mater. 4 864

[2] Park S H, Roy A, Beaupre S, Cho S, Coates N, Moon J S, Moses

D, Leclerc M, Lee K, Heeger A J 2009 Nature Photonics 3 297

[3] Dou L, You J, Yang J, Chen C C, He Y, Murase S, Moriarty T,

Emery K, Li G, Yang Y 2012 Nature Photonics 6 180

[4] He Z, Zhong C, Huang X, Wong W Y, Wu H, Chen L, Su S, Cao

Y 2011 Adv. Mater. 23 4636

[5] Huo L J, Zhang S Q, Guo X, Xu F, Li Y F, Hou J H 2011 Angew.

Chem. Int. Ed. 50 9697

[6] Li Y F 2012 Acc. Chem. Res. 45 723

[7] Chen D, Nakahara A, Wei D, Nordlund D, Thomas P R 2011 Nano

Lett. 11 561

[8] Armbruster O, Lungenschmied C, Bauer S 2011 Phys. Rev. B 84
085208

[9] Monestier F, Simon J J, Torchio P, Escoubas L, Flory F, Bailly S,

Bettignies R, Stephane G, Defranoux C 2007 Sol. Energy Mater.

Sol. Cells 91 405

[10] Chen M X, Nilsson D, Kugler T, Berggren M, Remonen T 2002

Appl. Phys. Lett. 81 2011

[11] Wang J Z, Gu J, Zenhausern F, Sirringhaus H 2006 Appl. Phys.

Lett. 88 133502

[12] Emelie P Y, Cagin E, Siddiqui J, Phillips J D, Fulk C, Garland J,

Sivananthan S 2007 J. Electron. Mater. 36 841

[13] Green M A, Jordan D 1998 Progress in Photovoltaics 6 169

[14] Roman L S, Inganäs O, Granlund T, Nyberg T, Svensson M, An-

dersson M R, Hummelen J C 2000 Adv. Mater. 12 189

[15] Nilsson D, Chen M X, Kugler T, Remonen T, Armgarth M,

Berggren M 2002 Adv. Mater. 14 51

[16] Boroumand F A, Fry P W, Lidzey D G 2005 Nano Lett. 5 67

[17] Hohnholz D, Okuzaki H, MacDiarmid A G 2005 Adv. Func.

Mater. 15 51

[18] Lang U, Rust P, Dual J 2008 Microelectron. Eng. 85 1050

[19] Halik M, Klauk H, Zschieschang U, Kriem T, Schmid G, Radlik

W, Wussow K 2002 Appl. Phys. Lett. 81 289

[20] Kang K S, Lim H K, Cho K Y, Han K J, Kim J 2008 J. Phys. D:

Appl. Phys. 41 012003

[21] Xia Y, Whitesides G M 1998 Angew. Chem. Int. Ed. Engl. 37 551

[22] Xia Y, Whitesides G M 1998 Annu. Rev. Mater. Sci. 28 153

[23] Quake S R, Scherer A 2000 Science 290 1536

[24] Wei B, Ge D B 2010 Acta Phys. Sin. 54 648 (in Chinese) [�W,

��J 2010 ÔnÆ� 54 648]

[25] Moharam M G, Gaylord T K 1982 J. Opt. Soc. Am. 72 1385

[26] Na S I, Kim S S, Jo J, Oh S H, Kim J, Kim D Y 2008 Adv. Funct.

Mater. 18 3956

[27] Liu X C, Chakraborty A, Parthasarathib G, Luo C 2007 Proc.

SPIE 6556 655602

207204-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 207204

The light absorption enhancement in polymer solar
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Abstract

The thickness of the active layer is limited by its low carrier mobility in the polymer solar cell composed of the blend bulk-

heterojunction formed by P3HT as donor material and PCBM as acceptor material, which can affect the light absorption in the polymer

solar cell. Nano-structure gratings inserted into polymer layer can redistribute the electrical field inside the device and improve its light

absorption. Two-dimensional electrical field distributions inside the polymer solar cell are simulated with the grating period of 1 µm,

fill ratio of 0.5 and incident wavelengths of 500 nm and 700 nm based on finite difference time domain. The light absorptions by the

devices with different grating depths and fill ratios are calculated based on rigorous coupled wave. The analysis illustrates that light

spots occur in the device due to the light diffraction caused by the gratings and the light absorption is increased by 4.2% with a grating

fill ratio of 0.5, depth of 10 nm and an incident light wavelength of 512 nm. In experiment, nano-structure gratings are introduced into

the devices by the micro-printing technology with PDMS and polymer solar cell is structured with ITO/ PEDOT : PSS gratings/ P3HT

: PCBM/ LiF/ Al. The experimental results from the planar and the grating devices prove that the nano-structure gratings embedded in

PEDOT : PSS layer increase the power conversion efficiency by 31%.

Keywords: nano-structures gratings, finite difference time domain, rigorous coupled wave analysis, polymer solar
cell
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