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16f[£Çÿþ´kÅ��Ná��ì�ïÄ¥�­�SN��. ±à(§�>f�Ná�, C60 �û)Ô
�>fÉNá�, ��
�«ü>ÖDÑì�. ^�m>Ö��>6{ÿÑ
ØÓMJ/¤�¹5�9ØÓ§Ý9
?n�ì�¥�Ç�[£Ç. (JL²: ì�¥>Ö�DÑ J-V ­�ÎÜ Mott-Gurney �§, ØÓMJ/¤¹5�
¥�ÇäkØÓ�[£Ç, p£:�MJ 1, 2- �Å�/¤�¹5�äk�p��Ç[£Ç, 9?nk|uì�¥�
Ç[£Ç�Jp. Ó��?�Ú©Û
�Ç[£ÇCz��Ï.
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1 Ú ó

àÜÔá�duäk�B!íd¿äkûÐ
��\ó59R^5�A:, Ï
��É�<��
'5 [1−6]. Cc5, kÅ��Ná�2�/A^u
u1�4+!kÅ��¬N+!kÅ��>³�
ì�¥ [7−14]. kÅì��5UÉõ�¡Ï��K
�, Ù¥kÅ��N¥16f�DÑUå´K�k
Å��Nì�5U����'­��Ï�. ïþk
Å��Ná�16fDÑUå�Ì�ëê´16
f[£Ç µ, §���N
16f3>|�^e�
$ÄUå, Ïd16f[£Ç�ÿþ´kÅ��N
á��ì�ïÄ¥�­�SN��.

�·NX´ò�Ná��ÉNá��·/¤
�NX. du�·NXO�
�Ná��ÉNá
��L¡È, O�
1)-f�©l, l
Jp

kÅ��>³�5U [1−14]. �©æ^�m>Ö�
�>6 (space-charge-limited current) �{ÿÑà(
§ (P3HT) � C60 �û)Ô (PCBM) �·NX¥�
Ç�[£Ç, '�
ØÓMJ/¤�¹5�9ØÓ
§Ý9?n���>³¥�Ç[£Ç�Cz, ©

Û
��>³¥[£ÇCz��Ï. ù
(Jk
Ïu?�Ún)kÅ�·NX��>³5UCz
��Ï.

2 ¢ �

2.1 ��� ���

¢�À^� P3HT Ú PCBM 	g{I Aldrich
úi, vk?�Ú�JX. PCBM ´ C60 �û)Ô,
´3 C60 �¥/�þ2���|ó. du�|ó
��3, ¦� PCBM �M)5' C60 Ð, �O\

 P3HT � PCBM �m�pM5, ´u/¤ûÐ�
pB�ä(�, §��(�Xã 1 ¤«.

2.2 ���ÚÚÚììì������������999ÿÿÿÁÁÁ

2.2.1 M����
kò P3HT � PCBM ÑU 3%��þ©ê©

OMu 1, 2- �Å�MJÚÅ�MJ¥, ~§e�
� 8 h, ,�òM)� P3HT � PCBM M�U�þ
' 1 : 0.8 �·, 2ò�·M���eZ��.

* I[g,�ÆÄ7 (1OÒ: 61176061)!æ9�ïÓ�ÆI[­:¢�¿Ä7 (1OÒ: 2010KB20)!¥I�Æ��2)U
�U,íY
ÜÔ­:¢�¿Ä7 (1OÒ: 0907K5) Ú2À��Æ)M#¢�Oy (1OÒ: S1010561076) ]Ï�K.

† E-mail: hzhyu@scut.edu.cn

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

087204-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 087204

ã 1 P3HT Ú PCBM �zÆ(� (a) P3HT; (b) PCBM

2.2.2 p©f�N��Ú��>³���9
ÿÁ

3�À¿¥©O^�lfY!ZÑÚg�W
�W*Ûk�z�â� (ITO) �Àæ, 2^�lf
Y!ÉZU�(�W ITO Àæ� 10 min, �\ó�
3 80 ◦C eóZ, ,�ò ITO L¡?1��lfN
?n, ¿3 ITO L¡^æ�� 40 nm þ�à 3, 4-
¯ ��(§/à�¯L��í (PEDOT:PSS), �\
ý�ó�¥3 80 ◦C eóZ, 2òæk PEDOT:PSS
� ITO �\¿÷�í�Ã@�¥. ^æ� 200 nm
þ� P3HT � PCBM �·¹5�, ��3ý�Ý
� 3×10−4 Pa �íØe�Û 60 nm þ� Au >4,
ì��(�� ITO/PEDOT: PSS/P3HT: PCBM/Au.
òÅ��MJ���¹5�¤�¤���>³©
¤n1, Ù¥ü1©O^ 80 ½ 130 ◦C �§Ý9?
n 5 min. æ^{I Keithley úi)����>³
� J-V A5ÿÁ¤, ÿÑÃ1ì^�eì�� J-V
­�. ^{I Tencor úi)�� Alpha-500 .L¡
Ó+ÿþ¤, ÿÑ�·¹5��þÝ.

3 ÿþ�n

3kÅ��Ná�¥, ©fS��fÏL�d
�O�/(Ü3�å, 
©f�m*dÑ´µ4
ÚÕá�, �p�m�´ÏLrÝéf� Van der
Waals å�p�^. Ïd, kÅ��Ná��$�Ó
©f;� (LUMO) Ú�p®Ó©f;� (HOMO)
Å¼ê�m��Ué�, >f�l��©f�[�
,	��©f, 7L�BL�����³^½ö3
(fUþ��Ïe3Û���mu)a�, a�V
Çé�, ÏdkÅá��>Uå�é�f. 
�, d
ukÅ��N©f��, Ï~Ñ´d©fÃS/æ

È3�å
/¤Ã½.��, 16f3��NS$
Ä�, Ø�/É�©f�Ñ��^, ¤±[£ÇÑ
é$ [8,15,16].

àÜÔY%�ì��(�����4/àÜ
Ô/Ò4. 3Ò4Ú�4Ñ�àÜÔ/¤î0�>
�cJe, �üà\þ	\>Ø�, 5\�>Ö¬
3àÜÔNX¥DÑ. àÜÔ3DÑ>ÖL§¥d
uÙ[£Çé$, ����5\16f3NS�þ
È\, /¤�m>Ö«. ù«äk>|¶-5��
�m>Ö«¦�16f[£�>6ü$, l
/¤
�m>Ö��>� [17,18]. 3V5\.ì�¥, XJ
ü>45\�>Ö[£Ç����, >ÖDÑØ²
ï, Ò¬3��>³¥�)�m>Ö��. 3ü>
ÖDÑì�¥, XJ5\>Ö��Ç��u>Ö3
àÜÔ¥>ÖDÑ��Ç, @o5\�>ÖÒ¬3
àÜÔ¥È\, �)�m>Ö���A.

b�3��N¥Ã9-gd16f±9Ã�²
�3cJe, >|30�S�Ìe� Poisson úª:(

ε

q

)
dE(x)

dx
= p(x) (1)

9>6�Ýúª

J = qµp(x)E(x), (2)

ª¥, ε ´á��0>~ê, q ´Ä�>Ö�>þ,
E(x) ´>|rÝ, p(x) ´>Ö16f�Ý, J ´>6
�Ý, µ ´16f[£Ç. d (1), (2) ª��

J

εµ
= E(x)

dE(x)

dx
. (3)

3­�e, >6��~ê. |^>.^� E(x=0) =
0, é (3) ªÈ©���

E(x) =
(

2J

εµ

)1/2

x1/2. (4)

��¬�þÝ� d, 	\>Ø� Va, ��

E(x) =
dVa

dx

=
(

2J

εµ

)1/2

x1/2. (5)

é (5) ªÈ©, ��

Va =

d∫
0

(
2J

εµ

)1/2

x1/2dx

=
2
3

(
2J

εµ

)1/2

d3/2. (6)
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d (6) ª�� Mott-Gurney �§

J =
9
8
εµ

V 2
a

d3

=
9
8
ε0εrµ

V 2
a

d3
, (7)

µ =
8d3

9ε0εr

(√
J

Va

)2

, (8)

ª¥, ε0 Ú εr ©O�ý�0>~êÚàÜÔ�é
0>~ê, µ �5\16f�¤6[£Ç.

4 êâ©Û

ã 2 ¤«�ØÓMJ���ì�V� J1/2-
V 'X, î�I�k�>Ø V �	\>Ø Va ~
� ì � S ï > | > Ø Vbi. � ì � æ ^ � ( �
� ITO/PEDOT: PSS/P3HT: PCBM/Au, 3 ITO �¹
5�¥�\ PEDOT: PSS �k|u�Ç�5\, p
õ¼ê7 Au (5.1 eV) �>4{	
>f�5\, X
ã 3 ¤«. Ïd, ù«(��ì��ü�ÇDÑ�
ì�. Ã1ì�, 3>4üà\þ	\>Ø, 	Ü�
�ÇU
l ITO >4à5\�àÜÔá��d�
¥. dup©fá���>5�, 
�16f5\
�å©�Ç�LàÜÔá��DÑ�Ç, 16f
ßÝ�uàÜÔá��NßÝ, ù�5\16f
3�·NX¥/¤�m>Ö, ��
>6�6Ä,
l
/¤�m>Ö��>�. lã 2 ��, ØÓM
J/¤ì�� J1/2 � V ¥�5'X, ÎÜ Mott-
Gurney �§, ��l Mott-Gurney �§¥�Ñ�·
NX¹5�¥�Ç�[£Ç. ã 2 ¥ 1, 2- �Å�
ÚÅ�MJ/¤ì�� J1/-V 'X¥ü^���
�Ç©O� 13.753 Ú 6.094, àÜÔ��é0>~
ê εr = 3, ý�0>~ê� 8.85×10−12 F/m, ¹5

��þÝ� 200 nm, �â µ =
8d3

9ε0εr

(√
J

V

)2

O

��� 1, 2- �Å�ÚÅ�ü«MJ���¹5
�¥�ÇDÑ�[£Ç©O� 5.07×10−4 cm2/Vs
Ú 9.95×10−5 cm2/Vs.

P3HT ´�«`û�kÅ��Ná�, l P3HT
Ú PCBM �©f(� (ã 1) ��, P3HT k��f
5��ÝàÜÔÌó9'�tÑ�ýó, ýó��
3Jp
 P3HT �M)5. P3HT k�~²w��
��>É5, ^ù
©fQ¤��, Ù���3©
fÌó����þ�>, �Ä��k��>�ª´
16fl��ÌóD�,�Ìóþ. ó�ó�m�

�:�YÑ¬{N16fDÑ, �¦àÜÔ��k
�p�[£Ç7L�ÑàÜÔ©f�ÃS5. �
/¤p�[£Ç, Ø=I�Ìó����5r, 

���¦�²¡�����. duØÓMJ�£:
95�ØÓ, æ^ØÓ�MJ�±é�·NX�)
ØÓ�K�. p£:�MJ¦��·NX¹5�3
Z.Ïm�±/¤g|Cy�, k|u�·NX¥
àÜÔkSü�. 
$£:�MJ�u5�, �·
NX¥àÜÔØU9�/kSü� [9,19−21]. 1, 2-
�Å�MJk�p�£: (130 ◦C), 
Å��£:
´ 61 ◦C, �^p£:� 1, 2- �Å�MJ/¤�·
NX¹5��äk�p�[£Ç.

ã 2 ØÓMJ/¤�ü>ÖDÑ J1/2-V 'X

ã 3 ü>ÖDÑì�¥>Ö5\«¿ã

ã 4 ØÓ§Ý9?n���ì�¥ü>ÖDÑ J1/2-V 'X

ã 4 ¤«�ØÓ§Ý9?n���ì�¥
ü>ÖDÑ�V� J1/2-V 'X, Tì�æ^�(
�� ITO/PEDOT: PSS/P3HT: PCBM/Au, ¤^MJ
�Å�. lã 4 ��, ØÓ§Ý9?n���ì
� J1/2 � V ¥�5'X, �ÎÜ Mott-Gurney �
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§, ã 4 ¥n^����Ç©O� 6.094, 9.013,
12.972. ràÜÔ��é0>~ê εr!ý�0>
~ê ε0!¹5�þÝ d �~ê�\ Mott-Gurney

� § µ =
8d3

9ε0εr

(√
J

V

)2

, � � Ñ � · N X ¹

5�¥�Ç�[£Ç©O� 9.95×10−5 cm2/Vs,
2.18×10−4 cm2/Vs, 4.51×10−4 cm2/Vs. dd��,
9?nk|u�·NX¥�Ç[£Ç�Jp. ù´
Ï�9?n¦� P3HT:PCBM �·NX¥ P3HT k
Sü�, ©f�Ýó�ÝO\, l
JpÙ>Ö�
[£Ç. ù�´9?n�Jp P3HT:PCBM �·N

X��>³Uþ=��Ç�­��Ï�� [9,22−24].

5 ( Ø

�©����
ØÓMJ/¤¹5�9ØÓ
§Ý9?n�ü�ÇDÑì�, ÿþ
ì�� J-V
A5, ¿^ Mott-Gurney �§O�
àÜÔ¥�Ç
DÑ�[£Ç. ÿþ(JL², ì�¥>Ö�DÑ
ÎÜ Mott-Gurney �§. ïÄL², p£:�MJ 1,
2- �Å�/¤�¹5�äk�p��Ç[£Ç, 9
?n�±Jp�·NX¥�Ç�[£Ç.
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Abstract

The measurement of carrier mobility in organic semiconductor material and device is one of important study contents. The hole-

only devices based on the different solvent blends of poly (3-hexylthiophene) (P3HT) and [6, 6]-phenyl C61-butyric acid methyl ester

(PCBM) as acceptor are fabricated, the structures of the devices are all ITO/PEDOT:PSS/P3HT:PCBM/Au. The hole mobilities in the

blend systems with different solvents and various annealing treatments are measured by the space charge limited current method. The

results show that the J-V curves of charge transfer in the devices meet Mott-Gurney equation, the hole mobilities in the active layer

with different solvents are different, the active layer formed with high boiling point solvent 1, 2-dichlorobenzene possesses higher hole

mobility, heat treatment contributes to the improvement of the hole mobility in the devices. The reason of change of hole mobility is

analyzed.
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