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(���z�â (ITO)/kÅ��N/7á�kÅ��1Ïì�, >6 – >Ø­�w«Ùäk�6A5�
kÅ��NÚ>4m�AÄ�>�Sï>|��éJ�½. �
ïÄkÅ��NÚ>4��AÄ�>A5, ©O�
�
(�� ITO/kÅý��/kÅ��N/7áÚ ITO/kÅ��N/kÅý��/7á�ì�, ÏLN�-1ì�eì
��]�1>6���N´�äkÅ��NÚ>4m�AÄ�>�Sï>|��, 	\ Øe]�1>6�rÝ
Cz?�Úy¢
�ä��(5.
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1 Ú ó

kÅ1Ïì�ÏÙäk�þ�!��ó²{
ü!d�$íÚ´uòU�`:CA�c5��
´IS	�ïÄ9: [1−3]. Ù¥�AÄ.kÅ��
1Ïì�duÙ(�{ü�8E�2�¦^ [4−6].
3n��>^�e, kÅ��NÚ7á©��AÄ
�>Úî0�>. �AÄ.kÅ1Ïì��ó�
�n´|^kÅ��NÚ7á��AÄ�>¥�
m>Ö��Sï>|r¦1)-fu)>Ö©l

�)1>6 [7−9], 1>6��dSï>|��û
½ [10]. Ïd
)�AÄ�>¥Sï>|���é
�ä�AÄ.1Ïì�	>´1>6���~­
�. éuÉ�(.kÅ1Ïì�, du�)1>6
¤I�1)-f�>Ö©lu)3�NÚÉN�
.¡? [11,12], ÏdÏ~�¦kÅ��NÚ>4�
�>�î0�>, �¢SþéJ÷vkÅ��NÚ
Ò!�>4��>þ�î0�>, d�I��äk
Å��NÚ>4��AÄ�>¥�m>Ö��S
ï>|��, eSï>|���É�(.ì�Sd
�N/ÉN�)�1>6��Ø��, @oI�3k

Å��NÚ�A>4m\\�À�, ü$�AÄ³
^, l
O\T>4é�A16f�Â8Ç [13−16].
ÏdÃØ´�AÄ.�´É�(.kÅ1Ïì�,

)kÅ��NÚÒ!�>4��AÄ�>¥�
m>Ö��Sï>|��Ñ´�~­��. duk
Å��NÚü>4þk�>, Ïd^~5�{ïÄ
Ù=Ú,�>4��>A5��(J, �©JÑ

ïÄkÅ��NÚ>4�>A5�#�{, ÏL3
kÅ��NÚ>4m\\kÅý��l
¶-T
>4éì��K�, éu�AÄ.kÅ1Ïì�,
1)-f�>Ö©lòØ¬u)3�3kÅý�
���à, ù�BuïÄkÅ��NÚ,�>4�
�>A5, ÏLN�-1ì�e�]�1>6��
�N´�ä�m>Ö��Sï>|��, 	\ Ø
e]�1>6�rÝCzò?�Úy¢�ä��
(5.

2 ¢ �

�Ã (ZnPc) ´®�� p.kÅ��N [17,18],
��ó�Ô�, à Í¯D (PVDF) äkûÐ�ý
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�5 [19,20], ��kÅý��, �z�â (ITO) ��
�4>4, ¾ (Al)!7 (Au) ©O��Ò4>4. k
ÅzÜÔ ZnPc Ú PVDF �zÆ(�Xã 1 ¤«.

ã 1 zÆ(�ã (a) �Ã ; (b) à Í¯D

ã 2 ì� ITO/PVDF/ZnPc/Al �(�Ú>6ÿþ«¿ã

òÛk ITO �Àæ (SiO2) Ä¡�g3 2- Z
U ! Z Ñ Ú n Å ` � ¥ ² L � ( Å © O � W
* 10 min. ²�íNZ�, 3 ITO þ^ý�Û�{
�gÛþ�AkÅ��N�!kÅý��Ú7á
>4�, ��ý�Û�Å (ULVAC VPC-410) ��u
�Ç� 0.03 nm/s ��þÝ� 200 nm � ZnPc ��,
PVDF, Al Ú Au ��u�ÇÚ�þ©O� 0.2 nm/s,
200 nm; 0.1 nm/s, 100 nm Ú 0.1 nm/s, 100 nm. �
þ^�=¬�i�, ý�Û���ý�Ýþ��
3 3 × 10−4 Pa.

� � � 
 o � ì �, ( � © O � ITO/ZnPc/
Al; ITO/ZnPc/Au; ITO/PVDF/ZnPc/Al Ú ITO/ZnPc/
PVDF/Al, Ù ¥ ZnPc Ú PVDF � þ Ý þ
� 200 nm, Al Ú Au � þ Ý þ � 100 nm.
± ITO/PVDF/ZnPc/Al �~, ì��(�Ú>6ÿ
þ«¿ãXã 2 ¤«, 	\ Ø��àë� ITO,
>6ÿþ��àë�7á>4. ì��>6 – >

Ø­�d
L (Keithley 2400) ÿþ��, ]�1>
6d>6��ì (Keithley 428) ë�«Åì (Tek-
tronix TDS5104B) ÿþ��,  Ød>6��ì
� S � >Ø
 J ø. Ñ Ñ Å � � 532 nm � ë
Y-1ì (CrystaLaser CL532-025-L) ²1ÆÍÅ
ì (NF 5584A) N��\��ì�þ, 1ÆÍÅì
�ó�ªÇ� 1000 Hz, -1ì�ÑÑ1õÇ�Ý
� 130 mW/cm2.

3 (J�?Ø

ì� ITO/ZnPc/Al �>6 – >Ø­�Xã 3 ¤
«, çV^�eTì�äk²w��6A5, =3
�� Øe	>´/¤���>6, x1ì�eÃ
Ø´���´�� Ø, 1>6þ� Ø�O�

²wO�, `² ZnPc Ú ITO ±9 Al þ��AÄ
�> [21−24], �üö��m>Ö�¥Sï>|��
��, ÏdÃØ�\=���� ØÑ¬¦��>
��m>Ö�CÄ
,�>�C°, l
¦��A
�1>6O�. �=l>6 – >Ø­�éJ�äT
ì�3çV^�e��6A5´5gu ZnPc Ú=
�>4��AÄ�>. ZnPc ��p�Ó^©f;
� (HOMO) Ú�$�Ó©f;� (LUMO) �U ?

ã 3 ì� ITO/ZnPc/Al 3çVÚx1ì�e�>6¨>Ø
­�, �ã�çV^�e���ã

ã 4 ì� ITO/ZnPc/Al �U�ã
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©O� −5.2 eV Ú −3.6 eV, ITO Ú Al �õ¼ê©
O� −4.8 eV Ú −4.3 eV, 3®� ZnPc � p.kÅ
��N�cJe, Tì��U�ãXã 4 ¤«.

ZnPc/Al äk' ZnPc/ITO �p��AÄ³^,
Ï
äk�°��m>Ö�, 3çV^�eì��
�6A5Ì�5g ZnPc Ú Al ��AÄ�>, Ï
d�	\�� Ø�	>´äk���>6. 3
x1ì�e, ü>�m>Ö�¥�Sï>|þ¬ò
1)-f©l�gd16fl
�)1>6, du
ü>�Sï>|����, = ZnPc/Al �Sï>|
��´l Al �� ZnPc, 
 ITO/ZnPc ´l ITO �
� ZnPc, ÏdÃØ	\���´�� Øþ¬�
f�>�Sï>|
\r,�>�Sï>|, 1>
6þ¬�X Ø�O�
O�.

e¦^õ¼ê� −5.1 eV � Au �� Al, é
uì� ITO/ZnPc/Au, �±�äÙ�6A5Ì�5
g ZnPc Ú ITO ��AÄ�>, Ï� ZnPc/ITO äk
�p��AÄ³^, l
3çV^�e	\�� 
Ø�	>´â¬k��>6, Tì�3çV^�e
�>6 – >Ø­�Xã 5 ¤«.

ã 5 ì� ITO/ZnPc/Au 3çVe�>6 – >Ø­�

±þnØ©Û�cJ´Äu ZnPc � p .k
Å��N, �e ZnPc � n.kÅ��NÓ��l
nØþ)º¤ÿ��ü�ì��>6 – >Ø­
�, ��ØÓ�´�AÄ�>¥�m>Ö��S
ï>|��ò��, �Ò´`, 3��Na.��
��¹e, =l>6 – >Ø­�òÃ{�(�ä
�m>Ö�¥�Sï>|��. �
U�(�ä
kÅ��NÚ>4�AÄ�>�Sï>|��,
�����{´��Ä¤�ïÄ.¡?�A5

¶-KÙ¦.¡?�K�, ± ZnPc Ú ITO, Al �

�AÄ�>�~, e�ïÄ ZnPc Ú ITO ��>A
5, Ò¶-K ZnPc/Al �K�, ��½,. òß²
kÅý�� PVDF �\ ZnPc Ú Al �m, �E(
�� ITO/ZnPc/PVDF/Al �ì�, PVDF é��1
þÃáÂ, Ïd31ìe, 1)-f�>Ö©l�
u)3 ITO/ZnPc ?, ïÄTì��1>6, l1
>6���Ú3 Øe1>6rÝ�Cz=��
ä ITO/ZnPc �Sï>|��. du PVDF ´ý�
�, 3>´¥��u��>Nì, Ïd­��D�
>6òÃ{ÏLTì�, ��C� £>6�±Ï
L, ^1ÆÍÅìN�ëY-1��±Ï5�1m
'&Ò, \��ì�þ=�±��±Ï5��C1
>6, ¡��]�1>6, 1m�]�1>6��
=��AÄ�>¥Sï>|���.

ã 6 ì� ITO/ZnPc/PVDF/Al 3 Øe�]�1>6Ç
�Ú\�1õÇ�Ý, Ù¥ç!ÉÚ7�©O�L 0, +0.5
Ú −0.5 V  Ø; ù��L\�1õÇ�Ý��m�Cz­�

ã 7 ì� ITO/ PVDF/ ZnPc/Al 3 Øe�]�1>6�
ÝÚ\�1õÇ�Ý, Ù¥ç!ÉÚ7�©O�L 0, +5
Ú −5 V  Ø; ù��L\�1õÇ�Ý��m�Cz­�

ã 6 ¤«�ì� ITO/ZnPc/PVDF/Al 3ØÓ 
Øe�]�1>6Ú\�1õÇ�Ý, 1m�*
	���1>6L²	>´>6��´l Al 6
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� ITO, Ïd ITO/ZnPc �AÄ�>¥�m>Ö�
�Sï>|��´l ITO �� ZnPc, 	\�� 
ØòOrSï>|��1>6C�, 	\�� Ø
ò~fSï>|¦�1>6C�.

ã 7 ¤«�ì� ITO/ PVDF/ZnPc/ Al 3ØÓ
 Øe�]�1>6Ú\�1õÇ�Ý, 1m�*
	�K�1>6L²	>´>6��´l ITO 6
� Al, Ïd ZnPc/Al�AÄ�>¥�m>Ö��S
ï>|��´l Al �� ZnPc, 	\�� Øò~
fSï>|¦�1>6C�, 	\�� ØòOr
Sï>|��1>6C�.

l ã 6 Ú ã 7 � � B � � ä ZnPc/ITO
Ú ZnPc/Al �AÄ�>¥�m>Ö��Sï>
|��, 
ÃI�� ZnPc ���Na., Ù(JÚ
3®���Na.�cJe^DÚ��{���

(J��.

4 ( Ø

JÑ
�«ïÄ�AÄ.kÅ1Ïì�kÅ
��NÚ>4�AÄ�>A5�#�{, =ÏL3
kÅ��NÚ>4m�\ß²kÅý��l
¶
-T>4ékÅ��N�K�, ?
��B�ïÄ
kÅ��NÚ,�>4��>A5, |^]�1>
6���Ú	\ Øe]�1>6rÝ�Cz�
N´�äkÅ��NÚ>4�AÄ�>¥�m>
Ö��Sï>|��, ¿^kÅ��N�Ã ¤õ
Øy
T�{��15, T�{éïÄkÅ��N
Ú>4��AÄ�>òäk�½�A^d�.
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Sol. Energ. Mat. Sol. C 61 97

[22] Aziz M S 2006 Solid State Electron. 50 1238

[23] Hiromitsu I, Kinugawa G 2005 Jpn. J. Appl. Phys. 44 60

[24] Murtaza I, Qazi I, Karimov K S, Sayyad M H 2011 Physica B 406
533

077301-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 7 (2012) 077301

Investigation on Schottky contacts in organic thin film
photovoltaic devices by transient photocurrent∗
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Abstract

The organic thin film photovoltaic device with a structure of tin indium oxide (ITO)/organic semiconductor/metal is fabricated.

A rectifying behavior of the device is observed from the current-voltage characteristics. However, it is hard to judge the direction of

internal electric field between the organic semiconductor and electrodes under Schottky contacts. In order to investigate the character-

istics of Schottky contacts between the organic semiconductor and electrodes, the devices with the structures of ITO/organic insulator

layer/organic semiconductor/metal and ITO/organic semiconductor/organic insulator layer/metal are fabricated. It is easy to judge the

direction of internal electric field between the organic semiconductor and electrodes under Schottky contacts by the direction of tran-

sient photocurrent which is produced under the irradiation from the modulated laser. The correctness of judgement is further proved by

the change of transient photocurrent intensity with a bias voltage applied.
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