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Ï L æ ^ 4, 4′, 4′′- n (N-3-` Ä � Ä-N-� Ä R Ä) n � X (m-MTDATA) � \ MoOx � � ì � � � Ç
D Ñ � 5 J p � Ã Ô (CuPc)/C60 � © f k Å � � > ³ � � Ç. æ ^ ý � � Û � � { � � 
 � X � ì
�, Ù¥(���â�zÔ (ITO)/m-MTDATA:MoOx(3:1)(30 nm)/CuPc(20 nm)/C60(40 nm)/4,7-��Ä-1,10-�Û
{ (Bphen)(8 nm)/LiF(0.8 nm)/Al(100 nm) �ì�, 3 AM1.5 (100 mW/cm2) �[��1�ì�^�e, m´>
Ø Voc = 0.40 V, á´>6 Jsc = 6.59 mA/cm2, W¿Ïf� 0.55, 1>=��Ç� 1.46%, 'vk�ÇDÑ��
ì� ITO/CuPc(20 nm)/C60(40 nm)/Bphen(8 nm)/LiF(0.8 nm)/Al(100 nm) 1>=��ÇJp
 38%. ïÄL², \
\ m-MTDATA:MoOx(3:1)(30 nm) �ÇDÑ�~�
kÅ�Ú ITO >4�m��>>{, l
~�
��ì��G
é>{, Jp
ì��1>=��Ç.

'�c: kÅ��>³, p .�,, �ÇDÑ, MoOx

PACS: 88.40.jr, 84.60.Jt, 72.40.+w, 77.22.Jp

1 Ú ó

��U´n���2)U
. 8c, ½|þ�
��>³±7��>³�Ì, �)�õ¬7I��
Ñ�þU
, E¤7��>³¤��ØpØe±9
ã���¸]
Øå. kÅ��>³äk��!�
ò­!��¡È$¤����`³, kéÐ�uÐ
cµ. 1986 c, ��úi� Tang[1] ÄgÚ\
�
N!ÉNÉ�(�Vg, k�/Jp
-f�
©
�Ç, ��
 0.95%Uþ=��Ç, ù�mM5�ó
�×�Úå
ïÄö�2�'5. ²L�ï<
�
Øäãå [2−9], 2010 c�I�\dî1>fA^
ïÄ¥% (IAPP) ���U��©fkÅ��>³
�1>=��Ç� 8.3%; æ^NÉ�((��à
ÜÔ��>³1>=��Ç�L
 7% [10]; n!z
ÆÚÀ®�Æ�ÓïÄ�kÅ��>³1>=�

�Ç� 9.2%[11].

�,kÅ��>³�1>=��Ç®²k

�½§Ý�Jp, �ål�5�)�¤I� 10%±
þ��ÇEk�½��å, Ïd?�ÚJpkÅ�
�>³�1>=��Ç¤�ïÄ�­:. 3K�k
Å��>³1>=��Ç?�ÚJp��«�Ï
¥ [12], >³ì��Gé>{´��­�Ï�. 3k
Å��>³��ÇDÑ� (HTL) ¥Ú\ p .�,
J�±k�Jp16fDÑ��>�Ç, ~�ì�
�Gé>{, l
JpkÅ��>³�1>=��
Ç. dukÅá����-f*Ñ�Ý��
k

��þÝ, Ïd, ÏLÚ\16fDÑ�5��ì
�á´Ú-f3>4?�d«. Ó�, du°�Y
DÑ�p�16f[£ÇÚ���1�Ñ, Ïd�
±ÏLN!°�YDÑ��þÝ¦k
��É�
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Ío�Äî�Z� (F4-TCNQ) ����,J®²
�^3 p .�,¥ [13−18], ��,�JÉ F4-TCNQ
�,ßÝ�K���, l
K�ì��­E5Ú­
½5. �©ò 4, 4′, 4′′- n (N-3-`Ä�Ä -N- �ÄR
Ä) n�X (m-MTDATA) �\ MoOx �� HTL 5
Jp�©fkÅ��>³�1>=��Ç. MoOx

�� HTL ��,J, ®²A^�kÅ>�u1ì
�¥ [19], Uõ
kÅ>�u1ì���Ç5\, J
p
 HTL �>�Ç, ü$
ì��mé>Ø, J
p
ì���Ç, Ó��Jp
ì��­½5. ¿
�, m-MTDATA:MoOx ù«°�Y� p .�,�3
��11Ì��S�1áÂéf, Ø¬¦\�1
3DÑ�¥�)L���Ñ, ·Ü��kÅ��
>³� HTL. Ïd, �©ò m-MTDATA �\ MoOx

��� HLT A^3kÅ��>³ì�¥, ïÄ m-
MTDATA � MoOx �ékÅ��>³5U�K�.

2 ¢ �

ì�´3�â�zÔ (ITO) ß²�>Àæþ
æ^ý��Û��{���. ò ITO Àæ�.^
ZÑ!¯U!�lfY�EÞW¿?1�(�
W, �Xé ITO Àæ�.?1b	Ï�?n, ±J
p ITO >4�õ¼ê. ��kÅ��3õ
kÅ
©fí��ÈXÚ¥)�, U�O�(�©O)
�ØÓ�kÅá�, )�L§¥XÚ�ý�Ý�±
3 4 × 10−4 Pa �m. á�)��þÝÚ)��Ç
d�þ��¤��. ì��(�Xã 1 ¤«.

ì� A �vk HTL �ì�, ì� B!ì� C!
ì � D � HTL © O � m-MTDATA(30 nm), m-
MTDATA(15 nm)/m-MTDATA:MoOx(3:1)(15 nm),
m-MTDATA:MoOx(3:1)(30 nm). 3 HTL þ�g)
� 20 nm þ��ÃÔ (CuPc) ���N, 40 nm þ
� C60 ��ÉN, 8 nm þ� 4, 7- ��Ä -1,10- �
Û{ (Bphen) ��ì��-f{	� [7], ��)
� LiF/Al ��ì��Ò4.

ì��ÿÁ3�íí¨Ú¿§��¸e?1,
>³ì��k�¡È� 2 mm × 2 mm, 3 AM1.5
(100 mW/cm2) �[��11
 (1
æ^�®�ÿ
úi)�� 500 W ��, 1
rÝæ^�®���
Æ1>¤ì�)�� FZ-A .7>³?1��) 1
ì^�e, éþã�µC�ì�æ^ Keithley-2400
.êi
LÿÁì��>6�Ý->Ø (J-V ) A5
­�, ¿O�Ñì��1>=��Ç ηp ÚW¿Ï

f (FF).

ã 1 ì�(�

3 (J9?Ø

ã 2 ¤«�ì� A!ì� B!ì� C!ì� D
3 AM1.5 (100 mW/cm2) 1ìe� J-V A5­�.
ã 3 �ì�U?(�«¿ã. �æ^ HTL �ì
� A 3 AM1.5 (100 mW/cm2) 1ì^�e, m´
>Ø Voc = 0.42 V, á´>6 Jsc = 5.75 mA/cm2,
FF � 0.44, ì��1>=��Ç ηp = 1.06%. æ
^þÝ� 30 nm � m-MTDATA �� HTL �ì
� B, 3 AM1.5 (100 mW/cm2) 1 ì ^ � e Ø U
� ~ ó �, ì � � J-V A 5 ­ � � S ., ù L
²-f©l��)��ÇØUéÐ/ÏL HTL
m-MTDATA(30 nm) � ITO � 4 ¤ Â 8. æ ^
m-MTDATA:MoOx(3:1)(15 nm)/m-MTDATA(15 nm)

ã 2 ì� A!ì� B!ì� C!ì� D 3 AM1.5
(100 mW/cm2) 1ì^�e� J-V A5­�
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�� HTL �ì� C, 3 AM1.5(100 mW/cm2) 1ì
^�e�1>=��Ç� 0.32%, 'ì� B k¤
Jp, �ì� C � J-V A5­�E,� S ., �
�Ù FF é$, ì��5UE,��. æ^þÝ�
30 nm � m-MTDATA �\ MoOx('~� 3:1) �

� HTL �ì� D, 3 AM1.5 (100 mW/cm2) 1ì^
�e, Voc = 0.40 V, Jsc = 6.59 mA/cm2, FF � 0.55,
ηp = 1.46%, 5U�`. ù
y�L², ì� B
Ì � ´ m-MTDATA/CuPc . ¡, 
 Ø ´ ITO/m-
MTDATA .¡{N
�4é�Ç�Â8.

ã 3 ì�U?(�«¿ã

L 1 ¤��ì� A Úì� D �5Uëê'
�. lL 1 ��, \\ HTL m-MTDATA: MoOx(3:1)
(30 nm) �, ì��á´>6d 5.75 mA/cm2 Jp
� 6.59 mA/cm2, ì�� FF d 0.44 Jp� 0.55,
1>=��Çd 1.06%Jp� 1.46%. �±8Ï
� HTL m-MTDATA:MoOx(3:1) (30 nm) Ú ITO >
4/¤
��ûÐ�î0�> [19], ~�
ì�k
Å��>4�m��>>{, ¦�ÇU
�Ð/
� ITO �4Â8.

L 1 ì� A �ì� D �ëê'�

ì� A ì� D

Voc/V 0.42 0.40

Jsc/mA·cm−2 5.75 6.59

FF 0.44 0.55

ηp/% 1.06 1.46

ã 4 ���>³Gé>{ Rs �1ì I-V ­
��Ç�'X. éu¢S���>³, � I = 0
� (ä´�¹), 1ì I-V ­��Ç��êÒ´G
é>{. ÏLO��Ñì� A �Gé>{ (Rs)
� 24.36 Ωcm2, ì� D � Rs � 18.97 Ωcm2. dd�
�, æ^ m-MTDATA: MoOx(3:1)(30 nm) �� HTL
~�
��ì��Gé>{, Jp
ì�� Jsc

Ú FF, ?
Jp
ì��1>=��Ç.

ã 4 Gé>{ Rs �1ì I-V ­��Ç�'X

ì� B Úì� C � S . J-V A5­��±8
Ïu m-MTDATA/CuPc .¡?�3�ÇÈ\ [20].
m-MTDATA ��Ç[£Ç�� 3×10−5 cm2/Vs[21],
CuPc ��Ç[£Ç�� 3 × 10−3 cm2/Vs[22], CuPc
��Ç[£Ç' m-MTDATA �ü�êþ?, Ï
d, E¤ m-MTDATA/CuPc .¡�Ç[£ÇØ�
�, Úå�Ç3 m-MTDATA/CuPc .¡?�È\.
3 m-MTDATA ¥ � \ MoOx ) ¤ � > Ö = £
ä Ü Ô [19] J p 
 HTL � � Ç [ £ Ç, ¦ m-
MTDATA:MoOx Ú CuPc ���Ç[£Ç���,
�Ø
 CuPc Ú HTL .¡?��ÇÈ\, ¦�ÇU
�Ð/ÏL HTL ¿� ITO >4Â8, ?
Jp

ì��5U.
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� 
 ï Ä Ø Ó MoOx � , ß Ý é ì � 5
U � K �, · � � � 
 � | ä k Ø Ó MoOx

� , ß Ý HTL � � � > ³ ì �, m-MTDATA
� MoOx � ' © O � 1:1, 2:1, 3:1, 5:1, d
u m-MTDATA:MoOx � þ Ý é ì � 5 U K �

ã 5 Ø Ó MoOx � , ß Ý � ì � 3 AM1.5
(100 mW/cm2) 1ì^�e� J-V A5­�

Ø²w [19], Ïd, r HTL �þÝÀ� 30 nm, ì�
(�Xã 1 ¤«. ã 5 ¤«�ØÓ MoOx �,ßÝ
�ì�3 AM1.5 (100 mW/cm2) 1ì^�e� J-V
A5­�, L 2 �Ñ
ØÓ MoOx �,ßÝ�ì
�ëê. dL 2 ��, HTL m-MTDATA � MoOx

�'~� 3:1 �ì� ITO/m-MTDATA:MoOx(3:1)
(30 nm)/CuPc(20 nm)/C60(40 nm)/Bphen(8 nm)/LiF
(0.8 nm)/Al(100 nm), 3 AM1.5 (100 mW/cm2) 1

1ì^�e, 5Uëê��
 Voc = 0.42 V,
Jsc = 6.05 mA /cm2, FF � 0.58, 1>=��Ç
� 1.47%, 5U`uÙ¦�,'~�ì�.

L 2 ØÓ MoOx �,ßÝ�ì�ëê

1:1 2:1 3:1 5:1

Voc/V 0.42 0.42 0.42 0.42

Jsc/mA·cm−2 5.04 5.49 6.05 4.75

FF 0.57 0.57 0.58 0.56

ηp/% 1.21 1.31 1.47 1.13

ã 6 kÅ��>³1>=�L§

kÅ��>³�1>=�L§�±^ã 6 L
« [23], ã¥ EF �ì��¤�U?. ì��1>=
��ÇÌ�d ηA, ηED, ηCT, ηCC ¤û½, Ù¥ ηA

´��>³ì�k
��1áÂ�Ç, ηED ´k

�¥�)�-fU
*Ñ�É�(.¡?��
Ç, ηCT ´-f3É�(.¡?©l��Ç, ηCC

´>Ö�>4Â8��Ç. �©3kÅ��>³

ì���4Ú�N�¥\\°�Y p .�,� m-
MTDATA:MoOx(3:1)(30 nm) �� HTL, ¦�N¥
��ÇU
ÏL p .�,� HTL �Ð/� ITO �
4Â8, Jp
>ÖÂ8�Ç ηCC, ?
Jp
k
Å��>³�1>=��Ç. Ó�, °�Y p .�
,�;�
duk
�Ú>4����>
Úå
�-f3>4?�d«, r-f��3
k
�
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¥ [18], éJpkÅ��>³�5U�å�
È4
��^.

4 ( Ø

�©ÏLæ^ m-MTDATA:MoOx(3:1)(30 nm)
�� HTL 5Jp CuPc/C60 É�(kÅ��>³
��Ç. æ^ý��Û��{��
X���>
³ì�, Ù¥(�� ITO/m-MTDATA:MoOx(3:1)
(30 nm)/CuPc(20 nm)/C60(40 nm)/Bphen(8 nm)/LiF
(0.8 nm)/Al(100 nm) � ì �, 3 AM1.5 (100
mW/cm2) 1 
 1 ì ^ � e, 5 U ë ê � � 

Voc = 0.40 V, Jsc = 6.59 mA/cm2, FF � 0.55,

1 > = � � Ç � 1.46%, ' v k HTL � ì �
ITO/CuPc(20 nm)/C60(40 nm)/ Bphen(8 nm)/LiF(0.8
nm)/Al(100 nm) �ÇJp
 38%. ¢�L², �,
� HTL m-MTDATA:MoOx(3:1)(30 nm) Ú ITO >4
/¤
�Ð�î0�>, ~�
kÅ��>4�m
��>>{. ¢�uy, æ^Ø�,� m-MTDATA
��� HTL �ì�� J-V A5­�� S ., ù´
Ï� m-MTDATA/CuPc .¡?�3�ÇÈ\. ÏL
3 m-MTDATA ¥�\ MoOx �Ø
 CuPc Ú HTL
.¡?��ÇÈ\, ¦�ÇU
�Ð/ÏL�ÇD
Ñ�� ITO >4Â8, Jp
ì���Ç. e�Ú,
·�Oyæ^ n .�,�>fDÑ�¿ÏL`z
1|©Ù5?�ÚJpkÅ��>³��Ç.
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Analysis of organic photovoltaic devices with MoOx
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Abstract

MoOx doped 4, 4′, 4′′-tris(N-(3-methylphenyl)-N-phenylamin) triphenylamine (m-MTDATA) is used as a hole transport layer to

improve the efficiency of CuPc/C60 small molecular organic photovoltaics. A series of devices is fabricated in a high vacuum system.

One of the devices with the structure of indum tin oxides (ITO)/m-MTDATA:MoOx(3:1)(30 nm)/CuPc(20 nm)/C60(40 nm)/Bphen

(8 nm)/LiF(0.8 nm)/Al(100 nm) shows that the following parameters are achieved: the open circuit voltage Voc = 0.40 V,

short-circuit current Jsc = 6.59 mA/cm2, fill factor of 0.55, and power conversion efficiency ηp = 1.46% under AM1.5 solar

illumination. The efficiency of the device is improved by 38% compared with that of the device without hole transport layer

ITO/CuPc(20 nm)/C60(40 nm)/Bphen(8 nm)/LiF(0.8 nm)/Al(100 nm). The improvement of the device performance may be attributed

to the addition of m-MTDATA:MoOx (3:1) (30 nm) hole transport layer that reduces the contact resistance between the ITO electrode

and the organic layer, thus reducing the overall device series resistance and improving the efficiency of the device.

Keywords: organic solar cells, p-type doping, hole transport, MoOx
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