
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 194213

c÷+�nã

###...ppp���àààÜÜÜÔÔÔ/LLLVVVLLLkkkÅÅÅ111ÏÏÏ>>>³³³ïïïÄÄÄ???ÐÐÐ*

pÆ©1)2) p�1)3) U©?2) �U1)†

1) ( ¥I�Æ�ÜS1Æ°�Å�ïÄ¤, ]�1Æ�1fEâI[:¢�¿, ÜS 710119 )

2) ( ÜS�Ï�Æ>f�&Eó§Æ�, ÜS 710049 )

3) ( ÜSC�zÆïÄ¤, ÜS 710065 )

( 2011 c 11 � 28 FÂ�; 2012 c 3 � 14 FÂ�?Uv )

kÅàÜÔ/LVL�NÉ�(1Ï>³±ÙØäJp�Uþ=��ÇÉ�
ïÄ<
�2�'5, Cc5¤
�1Ï>³ïÄ+��9:��. �©Ì�ÏLéàÜÔ/LVL��U>³�SÜÅn, �)1áÂ!-f*ÑÚ
)l±9gd16fÑ$ÚJ��'��Æ¯K, lì�á�Ú(�`z!/m��Ú.¡?»�ØÓý¡0�

JpàÜÔ/LVL��U>³5U��{, ?Ø
�«ì��(�ÚUþ=��Ç, éu?�ÚmÐù�¡�ï
Äó��²
��, ��éÙ�5�uÐcµ�Ñ
Ð".

'�c: �NÉ�(, àÜÔ, LVL, �.>³

PACS: 42.70.JK, 42.79.EK, 82.47.JK

1 Ú ó

�X�¬²L�¯�uÐ, �h!U,í�Ø
�2).]Fì &, U®²¤�.�I
ÊH'5�ÔÑ5¯K��. ïÄL², ��U´
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±àÜÔá��¹5�, �R5�.�±éÐ�
(Ü, äká�52!þ�!��ó²{ü!
R5�`ûA:, Cc5®²¤�1Ï+�¥�
�¹��+��� [1,2], É�
�Æ[��2�'
5. 2011 c 5 �, {I NREL �#@y�kÅ��
U>³�p PCE ��
 8.3%[3], �C
¢^z�
��. 3àÜÔ1Ï>³¥, ¦^�ÝàÜÔ��
>f�N, LVL9Ùû)Ô��>fÉN�àÜ
Ô/LVL�NÉ�( (BHJ) 1Ï>³´��äc

å�ïÄ��, ù«a.�1Ï>³±àÜÔÚL
VLû)Ô�·Ô��NÉ�( (BHJ), ®²��

â»5�?Ð, 2009 c���da>³� PCE

� 6%�m [4,5], 2010 c PCE �� 7.7%[6,7], 2011 c
uHnóùA�¬�K|��
 8.37%�Uþ=�
�Ç [8].

¦+àÜÔ/LVL1Ï>³®²��
-<
58�?Ð, �´�
UYJ,Ù1>=��Ç,

�¯�?\¢^z, �I3±e�
�¡?1U?.

1) ÉàÜÔá�°UY���, I�lá�Úì�
(�ü�¡Ó�\ÃJpì�é��1Ì��A
Uå; 2) 3 BHJ (�¥, �
�y-fÐ¼, >f�
NÚ>fÉN|©I�3B�ºÝ��S·Ü, ¿
��/¤VëYpB�G(�±r?16f�k
�DÑ; 3) 1¯�Ú7á>4�mI�/¤ûÐ�
î0�>±r?>Ö�Ä�. Ïd, XÛ3ì��
OÚ\óL§¥U
k�/��ÚÚ�1!-f
Ú16f�1�´¼�p BHJ .1Ï>³5U�

* I[g,�ÆÄ7 (1OÒ: 60907012, 61177031) ]Ï��K.

† E-mail: weiwei@opt.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

194213-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 194213

'�. �©�éàÜÔ/LVL BHJ 1ÏNX¥�
1áÂ!-f*ÑÚ)l, ±9gd16f�Ñ$
ÚÄ��'��Æ¯K, lì�(�`z!/m�
�Ú.¡?»�ØÓý¡0�
Jp BHJ .1Ï
>³5U��{, ?Ø
�«ØÓì��ó��n,

¿éÙ�5�uÐ�Ñ
Ð".

2 ; . � N É � ( 1 Ï > ³ � ó
��n

àÜÔ/LVL BHJ 1Ï>³�ó��n3u
>f�N (donor) Ú>fÉN (acceptor) .¡ (D/A)

�1��¯>Ö=£y�. Ì��¹±eo�L§:

-f�)!-f*Ñ!-f)lÚgd16f�
Â8. àÜÔ31ì�¹e¬3NS�)1)-f,

=>fÚ�Çé. 1ì¤�)�-f´�«Oâf,

d>fÚ�Ç3¥Õå�^eåP¤, ;.�-
fåPU�� 0.4 eV, 3ù«�¹e, =��96Ä
Uþ´Øv±)l1)-f�, I��p�Uþ.

��, 1ì�)�-f¬3ßÝFÝ�°Äeu)
*Ñ, ;.�-f*Ñ�Ý� 10 nm[9]. 3-f*Ñ
L§¥, du1)-f¤äk�åPU��, S>
|�^�Øv±¦Ùu))l, �k�-f*Ñ�
.¡�, 3.¡³UâC¤��r>|�^eâU
u)k��-f)l; -f)l��)¤�gd1
6f��A>4Â8, �ª¢y
1)ÏA�A.

ã 1 �àÜÔ/LVL BHJ 1Ï>³�ó��n«
¿ã.

� � � � � � � �� � � � � � � �� � �
ã 1 àÜÔ/LVL BHJ 1Ï>³ó��nã

àÜÔ��U>³ïÄó�ö'%��:´

1>Uþ=��Ç. w,, p��NÚÉN1Ïá
�´Jpì��Ç�'�. ��U>³�Uþ=�
�Ç (power conversion eff iciency, PCE) �ì��á
´>6 (short circuit current, Jsc)!m´>Ø (open

circuit voltage, Voc) ÚW¿Ïf (fill factor, FF) ¤�
'. 3�OÚÜ¤p��NÚÉN1Ïá��I�
�Ä±e 5 ��¡��¦:

1) �� — Cù	«äk°Úr�áÂ. áÂ
1Ì���1Ì���´é¤k^u��U>³
�1Ïá���Ä��¦, �´Jpá´>6�
'�.

2) ·�� LUMO Ú HOMO U?, ¿�¦�
N Ú É N � > f U ? � � �. � N � LUMO

Ú HOMO U?I� uÉN�éAU?�þ,

¿�§�U?�AT�u-f(ÜU, ù�âU
�y-f�k�>Ö©l. �ÝàÜÔ�kÅ�
�N�-f(ÜU��� 0.3—0.5 eV, XJU?�
L�, Ò¬��-f>Ö©l��Uþ��, ��
�$�m´>Ø, Ï�ì��m´>Ø� δE ÉN
� LUMO U?Ú�N� HOMO U?��¤�'.

w,, �NÚÉN1Ïá��>fU?´K�1Ï
5U����Ï�.

3) p�16f[£Ç. �NI�kp��Ç[
£Ç, ÉNI�kp�>f[£Ç, ¿��Ð�N
��Ç[£ÇÚÉN�>f[£ÇU
²ï. ù�
�±�yk�p�>Ö16fDÑ�ÇÚp�W
¿Ïf.

4) Ð�M)5Ú¤�5. 1Ïá��M)5´
M�\ó�cJ, Ð�¤�5´��p5Uì��
�y.

5) l�·M�¤�L§¥Ug|C¤B�º
Ý�©l��N/ÉNpB�ä(�. ù«pB�
ä(�éu-fk�>Ö©l!1)>Ö�p�
DÑ�~�.

3 ���NÉ�(��U>³

glàÜÔ1Ï>³u²±5, �Æ[�B�
åuì�(���OÚ`z, �7XÛOr1áÂ
9O\ D/A .¡¡È�
�þ�ó�, &¢
�X
�#L�ì�(�, ¢y
l²¡É�(� BHJ (
��ª�, 3Jp��U>³5U�¡��
�X
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�?Ð. 1994 c, |f� [10,11] ò�½'~� C60

� MEH-PPV ·Ü, u²
 BHJ 1Ï>³(�. BHJ

1Ï>³�JÑ�@�´kÅ��U>³+��
�·5¯�, Tì�ò�NÚÉNá��·3�å,

/¤
B�ºÝ�pB�ä(�, ¦ D/A ��>¡
È��O\, ��·Ü��º��-f*Ñ�Ý�
�, B�±�y-f�k�*ÑÚ)l. )l�g
d16f3DÑ´»Ï���¹e�>4Â8, �
ª¼�
�p� PCE.

2001 c, Shaheen � [12] ^Å��MJ��
¹5� (MDMO-PPV:PCBM), �`��MJ�'
�, dÅ�¤��� BHJ �/ÉN·Ü�äk�[
z�©�, k|u>Ö�k�©l, ù´Äg¤
õ/ÏL[�N��(��ÌÝJpì�5
U, ÄuÅ�MJ�ì�3 80 mW/cm2 AM1.5 �
�[��1ì�eUþ=��Ç� 2.5%. 2003

c, Padinger � [13] ��ÑÄu P3HT:PCBM ¹5
��>³, ÏLéì�?1ò»Ú�\	>|�
�?n, >³5U�ÌÝJp, `z�ì�5U
3 80 mW/cm2 x1ì�e, Uþ=��Ç� 3.5%,

	þf�Ç1Ì¸�?� 70%. ù�ïÄó�¦
<�¿£�9ò»��?néuJpì�5U�
'�. 2005 c, Ma � [14] �é P3HT: PCBM 1
Ïì�, ?�Ú`z
ò»^�9�/ÉN'~,

3 80 mW/cm2, AM1.5 ��[��1ì�e, Ä
gòàÜÔ1Ï>³�Uþ=��ÇJ,� 5%,

ù´àÜÔ1Ï>³�p§ª?Ð. 2006 c,

Kim � [15] | ^ M � - v � { 3 P3HT:PCBM

Ú Al � m Ú \ � � TiOx 1 Æ � l � (optical

spacer), X ã 2 ¤ «. TiOx U � ° Ý � 3.7 eV,

é � � 1 ß L, ä k ` û � � Â > f Ú D Ñ >
f � U å. T � å � 
 ü � � ^, � ´ { 	 �
Ç, � ´ N ! 1 | r Ý 3 ì � S Ü � © Ù. �
±wÑ, Ú\ TiOx ��c, 1D\�¹5��,

®²ÅÚP~. Ú\ TiO ���, DÂ�¹5��
1�Ekér��ÄUþ. á´>6l 7.5 mA/cm2

J,� 11.1 mA/cm2 (1r� 90 mW/cm2), Uþ=
��ÇJp� 5%.

2008 c Cao � [16] ��
æ^#Ü¤� PSiF-

DBT ���NÚ PC60BM ��ÉN�¤�>³,

ì� PCE Jp�
 5.4%; 2011 cT�K| [17] Ü
¤ PBDT-DTNT/PC71BM ��¹5��ì�, �Ç

Jp� 6%. 2010 c Li �K| [18] ��æ^* -C60

�V\¤Ô (ICBA) ��>fÉN, |^ P3HT �
��Ná�, ì���Ç�� 5.44%, Xã 3 ¤«.

2010 cT�K| [19] `z
ò»ó², ¦�Ta>
³��*/mké�UC, Ñy
�þ!��©l,

Uõ
ì��pB�ä, lJp
á´>6ÚW
¿Ïf, ì���Z�Ç��
 6.5%.

��� ����� ���� ��	� ��
�� �� �� � � � ��� � �� � � � � � � � � � � � � � �� � � � � � � � � �  � ! � � � � ! � �� � � � � � � � � �" � # � $ " % & '( ) * + , - ( . . / 0
ã 2 Ú\ TiOx ��, ì��(�ÚU?ã

2009 c, ´àÜÔ1Ï>³uÐ{¤þy�
���c. þ�c, Heeger ïÄ| [20] ± PCDTBT

���Ná�, PC71BM ��ÉNá�, ��N
É�(ì� (�ã 4), ¿3þÝ� 80 nm �¹5
��Ò4�m�\��þÝ� 10 nm � TiOx 1
Æm��. � PCDTBT � PCB71BM �þ�,'
� 1 : 4 �, Voc = 0.88 V, JSC = 10.6 mA/cm2,

FF = 0.66, Uþ=��Ç�� 6.1%. ±	, �Ú
<5¿�(J´, ù«ì��Sþf=��Ç�
� 100%, ù¿�X�¹5�áÂ�z��1f
Ñ�)
�é�©l�16f, �¤k�1)
16fÑ�ü�>4±�C 100%��Ç¤Â8.

T(J´3vk²L9ò»Ú?ÛÙ¦N\?
n��¹e���. 2009 ce�cÚ 2010 cÐ,

Yu Luping �K|Ú Yang Yang �K|mu
X�
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�Ä���(§¿ [3,4] (§Ú�¿V(§��
O�àÔ (Yu Luping �K|¡� PTB X�, Yang

Yang �K|¡� PBDTTT X�)[21,22], Xã 5 ¤
«. Ù¥ PTB7 Ú PBDTTT-CF þ¼�
 7.4%±þ
�1>=��Ç, �»
.P¹. 2010 c Clau-

dia Piliego mu
�X�Äu TPD �àÜÔ�N
á� P1—P3, ¿JÑ
Xe(�ì� ITO/PEDOT:

PSS/polymer:PC61BM)/Ca/Al. æ^Å�Ú 1-8 �
9"�·ÜMJ (UNÈ' 99 : 1), �p�Ç�
� 6.8%.

l 2011 cm©, �þ�ïÄö�é�(§

¿�.� D-A-D .àÜÔ?1
U?, 3Ùþ
æ^�Ä(§Ä�� BDT ü�, �¤¤¢ü�
� Ý � Ä u � ( § ¿ � ü � � # . à Ü Ô, ¼
�
�X�#�?Ð. X Hou � [6,7] TaàÜ
Ô BDT ü�þ���Ä�¤(§�Ý|óÜ¤
� PBDTTT-C-T, q¦�Uþ=��Ç�� 7.59%;

Óc Peng Qiang Ü¤
�¿�(§ - �¿(u�
ØÓ|ó���û)Ô���N, ��
Xeì
�: ITO/PEDOT:PSS/Copolymer: PC71BM/Ca/Al Ù
¥Í� PBDT-FBT/:PC71BM LyÑ�Z5U, Uþ
=��Ç�� 6.21%.� �� � � � � � � � � ���� � � ��� �� � ���� ��� � � �� ��� �� � � � 	 
 �� �� � � 	 
 �� � 	 
 � � � 	 
 � � � 	 
 � � � 	� � 	� � 	 � � 	 � �

� � �� � � � � �� � � �� �� �
� �

ã 3 ²;��NÚÉNá� (1. PFDTBT, 2. PCDTBT, 3. PCPDTBT, 4. PSiF-DBT, 5. PSBTBT, 6. PBDTTPD, 7. PC60BM, 8.

PC70BM, 9. IC60MA, 10. IC60BA, 11. IC70BA, 12. BC70MA, 13. BC60MA, 14. BC60BA)
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 � � � 	  ��� � ��� � � � � � 	 � � � � 	� � � � � � � � �� � � � 
� � � � �  ! " # $� �  ! " # $% !  ! " & $� �  ! " & $
� ' � � �  ! " # $� �  ! " # $% !  ! " & $� �  ! " & $

� � �
ã 6 ì��(�Ú>ÖDÑL§

2011 c Tao � K | Ú \ Ä � Y � # á
� � à Ô � é ( § ¿ � Ñ 7 � Ú ( § ¿
D l � Ñ � � à Ô (PDTSTPD) � � � N á
�,PC71BM ��ÉNá�, ��
 ITO/PEDOT:PSS

(30 nm)/PDTSTPD:PC71BM(90 nm)/BCP (5 nm)/Al,

ÙUþ=��Ç��
 7.3%[23].

2011 c, ùA�K|���â» [8], ¦�æ
^mu�#á� PFN ��Ò4Ú¹5��m�.
¡?»�, ± PCDTBT Ú PTB7 ���N, PC71BM

��ÉN (Xã 6 ¤«), ¦�ì��m´>Ø, á
´>6ÚW¿ÏfþkwÍ�Jp, PCE ©O��

 6.79%Ú 8.37%, Uþ=��ÇÄgâ» 8%, ù
´î8��©z���àÜÔ/LVLü>³��
p�Ç.

4 �.�NÉ�(��U>³

D Ú � � N É � ( � � U > ³ ( �
� ITO/PEDOT:PSS/active layer/Al, Ù¥ ITO ´p
õ ¼ ê � 7 á � z Ô ß ² > 4 ^ 5 Â 8 �
Ç (� 4);PEDOT:PSS ´ � Ç D Ñ �, Ì � å �
Â 8 � Ç ! { 	> f � � ^, ; � 1 ) 1 6 f
3 ITO/active layer .¡?u)EÜ, ü$á´>
6ÚUþ=��Ç. æ^$õ¼ê7á Al 5Â8
>f��Ò4. �
k��Â8>Ö, �4ÚÒ
4�õ¼ê7L©O�Ú�N� HOMO ÚÉN
� LUMO U?��. du$õ¼ê�7á>4
éu�í¥��ÚY�íé¯a, ��º>4¦
^�~Ø½ [24], �
�oº>4, ��æ^E
Ü7á��/ª, 'X Ca/Al ½ö Mg/Al ��º

>4 [25,26]. ,	, ¢�y², PEDOT:PSS ¥�5,

3 ITO >4þ^æ¤�, ¬é ITO >4u)@¡,

K�>³5U�½5 [27].

Äu±þ©Û, �
Jp��U>³�½5
Ú¦^Æ·, ïÄ<
JÑ
�.��U>³�V
g. �.ì��;.(�´ ITO/ZnO(TiO2)/active

layer/Ag(Au), Ù ¥ ITO � � Ò 4, d u ? »
� ZnO(TiO2) ´ûÐ��Ç{	�, ¤±å�Â
8>f{	�Ç��^. 7á Ag(Au) 7Lå�
Â8�Ç��^, �
k��Â8>Ö, �4 Ag Ú
Ò4 ITO �õ¼êK7L©O�ÉN� HOMO Ú
�N� LUMO U?��. ¤±�4�ÀJ�±´
põ¼ê�7á, 'X Au �. ïÄL², Au 3�í
¥du�Ú��K�Ùõ¼ê¬eü (l 5.4 eV e
ü� 4.7 eV), l�5ì�5U�eü. 7á Ag

3�í¥�z¬)¤���� Ag2O, Ùõ¼ê¬
wÍþ,, l 4.3 eV Jp� 5.0 eV, lk|uÂ
8�ÇÚJpì��5U, Ïd�2�A^u�.
>³¥���4¦^. ,	, �DÚ>³'�, �.
>³�k��`³Ò´¹5��R��©l [28].

ù«R��©l´du��|©�L¡Uþ�±
9¦�Ú�.�m��p�^���. CAc, ò
ÄUY�NàÜÔá��p LUMO U?�LVL
ÉN?1��, Ú\$õ¼ê�7á!7á�z
Ô�B��½B�¬N½öüö�EÜ�Ú�Y
5��ÝàÜÔ?»Ò4; æ^7á�zÔ V2O5

Ú MoOx ���4?»�¿?1�.1Ïì��
�, 9±ò»ó²5`zì�, éu�«?»�é
u>4�K�ò?1��\�ïÄ, :Ò3u�
«ÙkÅ��NÔn�SÜ5ÆÚ��, ?ØÙé
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uì���ÇÚ½5�K�Ån, Ï"����
'�Ünq-<&Ñ�)º, k"¼�p½5
Úp�Ç�1Ïì�. ùéukÅ1Ï>³�Cû
�z���äk��y¢¿Â, Ó�éu?�Ú
´LkÅ��NnØäk�½���¿Â.

â � �, D Ú � Ú � . ( � � � � U >
³ � � Ç � m � � å ® ² × � ~ �. 2006

c, Waldauf[29] J Ñ � « # L � � . > ³ (
� ITO/TiOx/P3HT:PCBM/PEDOT:PSS/Au, X ã 7

¤«. Ù¥ ITO/TiOx ��>fDÑ�Ò4, PE-

DOT:PSS/Au ���ÇÂ8��4, ¿��ï

���.>³�Ç��Øp�Å���^æM
J  ´ æ ^ � � ` � � � M J, / ¤ 
 � � �
©l�16fÂ8�ä, ¼�
 3.1%Uþ=�
�Ç. 2008 c, Yang[30] �K|�OÑ�.>³:

ITO/Cs2CO3/P3HT:PCBM/V2O5/Al, ¿�éì�?
19ò»?n. ïÄL²3$§ (�u 200 ◦C) eò
»�±¦ Cs2CO3 �õ¼êl 3.45 eV eü� 3.06

eV, ¿�uy Cs2CO3 �õ¼êü$�±¦Uþ
=��ÇJp, 3�Zò»§Ý 150 ◦C eì�¼

� 4.2%Uþ=��Ç. 2010 c, Jiang � [31] JÑ
^$õ¼ê�7á5?» ITO, �� PEDOT: PSSA

��Ò4, ¦^ MoO3 ?»põ¼ê� Au ��
�4¦^. T�K|���ì�(�´ ITO/LWF

metal/P3HT:PCBM/MoO3/Au, Ù¥$õ¼ê�7á
�O� Ag, Al, Mg Ú Ca, õ¼êlp�$ (4.7—2.9

eV). ïÄL², ?» ITO �7á�õ¼ê�$�k
|u>Ö�J�, ¿��m´>ØÚW¿ÏfØä
O\, ,	Ú\�À� MoO3 �±k�{	 Au ?
\�¹5�ü$>³�5U, TïÄ�áÚ<
�/�3u(��O°|, |©/|^
�ÉN
á��R��©l, du MoO3/Au ÚL P3HT �
N�3�ÇÂ8��ý,  ITO/Ca ÚL PCBM É
N�3>fÂ8��ý, ù�AÏ(�4�~�

>ÖEÜ�VÇ, k�Jp
Uþ=��Ç, �
DÚ(�>³�'Jp
 29%, ¦�ì���p
Uþ=��Ç��
 4.1%. Ó�du Ca ?3 ITO

Ú P3HT:PCBM �m;�
��í����>, J
p
ì����Æ·, �±�� 15 U. �DÚ(�
>³�'Jp
 750%.

� � �� � � � � � � � 	 
 ��  � �� � � � � � �� � � � � � � � � �� � � �� � �� � �
ã 7 �.>³�²;(�Ú��U?

2011 c, Cao �K| [32] �OÑ#.>³ ITO/

PCP-NOH(PCP-EP) (10 nm)/PCDTBT:PC71BM1:4

(65 nm)/MoO3(10 nm)/Al(100 nm), Xã 8 ¤«. T
ì � Ú \ 2—7 J u 1—4 �   � Y 5 � � Ý
à Ü Ô PCP-NOH Ú PCP-EP � � Ò 4 � ? »
�,PCP-NOH Ú PCP-EP �±©O¦ ITO �õ¼ê
l 4.7 eV ü$� 4.2 eV Ú 4.3 eV, l� PC71BM

� LUMO U?�¤éÐ���, k�/Jp
>

f�J�Uå, ,	 PCP-NOH Ú PCP-EP 3 ITO

.¡Úå�ó4Ý¬�)�����Sï>|,

k|u>f� ITO 5\, lJp
>³�5U,

¦�Uþ=��Ç��
 5.48%. Óc,Lin � [33]

r TiO2 �B��Ú\ ZnO Ú¹5��m��>
fÂ8�, ¿�æ^ NiO �B��â���ÇD�
�. 3 170 ◦C 9ò» 10 min, ù��?nO�
¹
5�Ú>4�m��>¡È, ¿�Jø
���\
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ã 8 #.�.>³�ì�(�� �
� �

� � � ��
�

�� �
� � �

� � �
�

� � � 	 � 
� � �  � �
� � � � � � � �� 	 � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � �  ! � � ! � � � � ! � � ! � � � �

ã 9 ì�(�Ú¹5�á�
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k � �> Ö D Ñ Ï �, ¦ �á ´ > 6 k é � J
,, �ª¼�
 5.6%�Uþ=z�Ç. @3 2010

c Cheng � [34] �Q²JÑaq�(�, Ú\ C-

PCBSD ����ë��5N!.¡A5, ��

± ICBA:P3HT �¹5��ì�, Uþ=��Ç�
�
 6.2%. ¿3�Y�ó�¥JÑB�Ï´�V
g, �)ºUþ=��Ç�Jp�
nØÁ=.

2011 c, � . > ³ � � ã � â », \ < �
� Chu � [35] �OÑ ITO/ZnO/PDTSTPD:PC71BM/

MoOx/Ag �.>³, Xã 9 ¤«. T�K|Ú\
Ä�Y�#á��àÔ�é(§¿�Ñ7�Ú(
§¿Dl�Ñ��àÔ (PDTSTPD) ���Ná
�, PC71BM ��ÉNá�. Tó��M#�?3
u: �´Ú\ ZnO �B�¬N��>fDÑ�,

MoOx ���ÇÂ8�, /¤
ûÐ�>ÖDÑ
Ï�, ¦�Uþ=��Ç��
 6.7%; �´3À
J?nV\JþØ´æ^ÊH¦^� 1-8 �9"
� (DIO) ´æ^�Ä�, ù�üÑéuì��
½5äk�'���^, ¦�ì�3vk?Û
µC��¹e�� 32 U�ÙUþ=��ÇE,
�±
��Ç� 85%, 4�ò�
>³���Æ
·. �8�kÅ��U>³�û�z�e
j¢
�Ä:. 2011 c 6 �, Reynolds �K| [36] ��

î8�����p�Ç��.>³, ì�(�X
e:ITO/ZnO/Polymer:PC70BM/MoO3/Ag, àÜÔá
�´�#�æ^ P-Si Ú P-Ge ��� DTG-TPD �
àÔ, 3vkÚ\¥m���¹e, ì��Ç��

 7.3%�²þ�. XJ?�Ú`zì�, KUþ=
��Çk"�L 8%.

5 (Ø�Ð"

àÜÔ/LVL��U>³ BHJ 1Ï>³�u
Ð®²��
wÍ?Ú, DÚ(��>³=��Ç
®²�� 8.37%[8], ���', �.>³��Ç�®
²��
 7.3%[36], J,�Ýé¯, �¦^Æ·Ú
½5���é�Jp, �?�Ú¢yû�z�e

j¢�Ä:. �?�ÚJp=��ÇÚò�¦^
Æ·��¦E,�~½�, �þ�ïÄL², ïu
#.�/ÉN¹5�, á�Úì��(�`zÚ?
», ±9��ó²é��U>³1Ï>³�5Uå
�û½5�Ï�. Ïd, 8��ATl±eA��

¡?1�\ïÄ.

5.1 mmmuuu###ááá���, ÏÏÏLLL°°°[[[NNN!!!���/ÉÉÉNNN���
UUU???(((���JJJpppÙÙÙmmm´́́>>>ØØØÚÚÚááá´́́>>>666

Ù¥A�Ìü��K: 1) 3�yÄUY�Ä
:þ, ü$�NàÜÔ� HOMO U?, ´Jpì
��m´>Ø9=��Ç��^å». 2) 3�y
�NàÜÔÄUY��¹e, JpÉNá��é
u PCBM � LUMO U?, ´¼��á´>6Úp
m´>Ø�,�^å». �é�NàÜÔ�U?(
�?1°[N!, muoäÄUY��� HOMO

U?�#.�Ná�, òp LUMO U?�LVL
û)Ô (X IC60MA, IC70MA, IC60BA, IC70BA) �
�>fÉN, U?�ÉN�U?(�, 3�±pá
´>6��¹eJpì��m´>Ø.

5.2 ///mmm`̀̀zzz, ÌÌÌ������)))MMMJJJ���ÀÀÀJJJÚÚÚ999
òòò»»»???nnn���

ÏL�/ÉN�m�B�ºÝ·ÜÚ�ïëY
pB�ä�y16f�p�DÑ. éu BHJ (�
5`, �
�y-f�Ð¼, ü«|©I�3B�
ºÝ��S·Ü, ¿���¦/¤VëY���
0B�G(�±r?16f�k�DÑ. ü«|©
·Ü��ÐØ|u/¤àÜÔÚLVL��G(
�, �ºÝ��©lq¬/¤�ëY���, Ø
|u16fDÑ, LÝ·Ü�¬��16f�EÜ
Ó`³, lü$
ì��Ç [37]. ÏXÛ��
�©l, XÛ`z1¯��B�º�/m´¼�
p5U BHJ 1Ï>³�'�Ï���. ^æ¤�
L§¥, À^ØÓMJé¤��m!¤�þÝÚ1
¯�/mÑ¬�)ØÓK�. MJ�ÀJ��´æ
^M)Ý'�Ð�Å�!�Å�!`�\\�Ä
1U��·MJ½ö´Å�\Å���·MJ. ,
	, �þ¢�y¢3àÜÔÀæz=C§ÝNC
é BHJ ì�?1ò»?n, ´/m`z�k��
{ [38−41], �±���©l, ~�"�, O\kÅ�
�ÝÚ©fm�p�^ [42], Jp�Ç[£Ç [43].

9ò»�U¦àÜÔóS�p�^Or, ÚuáÂ
1Ìù£ [44], Jpé��1��AUå. ò»§Ý
�����3 70 ◦C—150 ◦C �m, �m3 10—30

min[44,45], AFM w«, 3�`�ò»^�e, ò»�
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��1¯�Ú7á�m�.¡�\o÷, Ñy
�
°���ì/(�A�, ù«o÷�.¡O\
1
¯�Ú7á>4��>¡È, ���\k��>Ö
Â8 [46]. 9ò»?n������¥y
VëY
���0B�G(�ÚO±Ï5�ûÐ��©l
y� [47].

5.3 ...¡¡¡???»»»ééé111ÏÏÏ555UUU���KKK���

BHJ 1Ï>³�ó��n3u D/A .¡��
¯1)>Ö=£�A. D/A .¡�A59.¡U?
ü�Ø=û½
1)-f�)l�Ç, ��K

�
ì��m´>Ø, 1¯��7á>4�m�
.¡K��X16f�Ä�1�, Ï.¡A�
��û½X>³ì�5U�`�. ?»���À
J´^ LiF, ZnO Ú TiO2 ?»Ò4, ^ V2O5,MoO3

Ú PEDOT:PSS ?»�4. .¡?»ÏLéL¡]
!�?1zÆ�^��ªðzÃÅ.¡�, UC

.¡�UþÄåÆ1� [48], .¡?»�±3>4
.¡Ú\ó4f, Úåý�U?� £, l�±
k�/ü$.¡³^, |u>Ö�DÑÚÄ�; Ü
·�.¡?»���±N!1|�©Ù [49], Or
ì��k�1áÂ, l?�ÚJpì���Ç.
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Abstract

Polymer photovoltaic cells with organic polymer materials as the active layers for an increasing power conversion efficiency have

become a research hotspot in the field of photovoltaic devices in recent years. In this paper, Internal mechanism of polymer/fullerene

solar cells are elaborated exhaustively, including light absorption, exciton diffusion and dissociation and charge carrier transport as

well as extraction. Furthermore, the optimization of device structure, morphology control and interface modification are introduced to

improve performance of polymer/fullerene solar cells. Power conversion efficiency and the various structures which can be achieved

are discussed in detail. The future prospects of polymer photovoltaic cells are also expected.
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