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æ^^�í�{��Ñß²�>�zÔ NiO ��. ý  (SE) ÿÁL² NiO ��3��1«�ß15ûÐ, Ï
LN!)�!ò»§Ý�N� NiO �ò�Ç. æ^ X ��û� (XRD)!×£>fw�º (SEM) ÃãïÄL², Ï
Lò»!UC�.§Ý�, �k�UC NiO ���¬N(�±9L¡/m, ¢yé NiO �>5�N�. æ^`z�
� NiO á���4{	���Ñ�àÜÔ��U>³ì���Ç� 2.26%, ´Ó�^�eæ^ PEDOT:PSS {	�
�>³ì�� 3 �±þ.

'�c: NiO ��, �4{	�, àÜÔ��U>³

PACS: 68.55.–a, 81.15.Cd, 81.40.Rs, 88.40.hj

1 Ú ó

��U���«;þ��!��'À�ÉÚ
U, �@�´)û�cU��¸�Å��Zå
»��. ��U�,©Ù2�!´¼�, �Uþ�
Ý�$, ���¦^I�¡ÈUþæ8C�. àÜ
Ô��U>³ (polymer solar cells, PSCs) ÏÙ¯�
J,�=��Ç!Æ·, ±9��!íd!´�¡
È��!��¿}à�A5, �@�´���¡È
��U>³��ZÀJ [1]. Heeger @�, �� PSCs
>³�=z�Çâ» 10%, T>³Ò�±Ý\¢
^ [1]. 3L� 10 c¥, �1Up�Â8>f¶-�
Ç�`DÒ4á����, X LiF[2,3],ZnO[4],TiOx
[5,6] �. ��/¤é'�´,PSCs ì���æ^k
Å� PEDOT:PSS ��4{	�á� [7,8]. ù«�4
{	���{ü, áÏS5U�Ð. � PEDOT:PSS
á��f�5, ¬@¡����, K�>³�Æ·;
Ùg, §3�í¥¬á�, ØUk��¶-Y!�,
Y!�¬×�ü$ PSCs >³�Ç [9].

p .ß²�zÔ��N NiO á�k��°�
�Y (Egap > 3.8 eV), 3��1«�äkûÐ�
ß15. NiO Ú ITO ����±/¤ûÐ�î0

�> [10]. ÏLUCÙ��^��±k��N�¬
N)��� [11,12], �Y°Ý�5U. ¿�,p . NiO
á��±' PEDOT:PSS á��Ð�¢yp�D�
�Ç¶->f, ;�>f��ÇEÜü$á´>
6 ISC. Ïd, ÎÃ¦¯, Äu p . NiO �4�>³
(�, ò¬´�ÝàÜÔ>³ OPV �Ç´¶�â
»���.

NiO Äk�^3/�¯u��U>³¥��
DÑ�Ç�¥m� [13,14], �Cücm©^3àÜ
Ô��U>³¥���4{	� [15], �´�'�
ïÄ�'��. Ïd�ó�æ^^�í�Ãã, Ï
L°(��)�!ò»§Ý��ÑX�� NiO �
�. ÏLý  (SE) 1ÌïÄÙ1Æ5U, ÏL X �
�û�Ì (XRD) Ú×£>º (SEM) éÜïÄ NiO
(�/m�>Æ5U�m�'é. �ªÀ�·
Ü� NiO ��, ��Ñ PSCs >³�.¿ÿÁ�
'5U.

2 ���ÿÁ

æ ^ ^ � í � � � 3 ITO À æ � . þ �
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� NiO ���¬, )�¿�.ý�� 5×10−5 Pa,
æ ^ p X Ar(5N) � � ó � í N, ó � í Ø
� 5 Pa, í � õ Ç � 80 W. 3 Ø Ó � � . §
Ý (Tsub=150◦C,250◦C,350◦C,450◦C) e)�
�X
��¬, ÏL¬�¤é��þÝÚ)��Ç?
1��, ¤� NiO �¬�þþ ∼150nm. é Tsub

� 350◦C ��¬�ò»´3^�í�)�¿¥�
 ò»�. ¦^{I JY úiý ¤é�¬?1ÿ
þ. Ö= Philips úi X ��û�¤¤L�¬�, û
�� 2θ Cz��� 25◦—80◦, Ú�� 0.02◦. æ^
{I FEI úi×£>fw�ºïÄ�¬/mA�.

æ^¤)�� NiO �¬�� PSC >ì�.ì
�, >³(�� “ITO/NiO/P3HT: PCBM/LiF/Al”, Ù
¥ NiO þÝ� 10 nm. ��é'Á�, ^ PEDOT:
PSS ���4{	���
(�� “ITO/PEDOT:
PSS/P3HT: PCBM/LiF/Al” � PSC ì�. Ù¥, àÜ
Ôk� P3HT: PCBM ±9{	� PEDOT: PSS ´
3 N2 íÃ@�¥^æ¤, ^æ�Y!�¹þþ
$u 1 ppm. ^æ�ÏLDxC�=£�>få�
u¤¥Û LiF {	�� Al >4, ��þÝ^¬�
¤5��. >³¥k�þÝ�� 100 nm, LiF þ
Ý� 1 nm, Al þÝ� 200 nm. ��L§Ñ3 N2 �

o½ý��¸eö�.

3 (J�?Ø

�� PSCs >³�4{	�, Äk�¦��
� NiO ��3��1�� (400—600 nm)[16] ß1
5Ð. 3ã 1(a) ¥�ÑØÓ��^�e NiO ��
� SE ÿÁ(J. dã��, )�!ò»§Ý���
^�é NiO ��1áÂÇ�K�é�, ØÓ)�!
ò»?n^�e��� NiO ��é 400nm Å�±
þ1ÅáÂÇA��". 3ã 1(b) ¥�Ñ² SE ê
â��Ñ� NiO ��1Æ�Y�Ñ� ∼3.8 eV. ù

ÑL²æ^^�í���� NiO ��äk°�
1Æ�Y, �4 400—600 nm ���13��1r
�ÑeÏL, ÎÜ PSCs >³�4�ß1�¦. Ó
�, lã 1(a) ¥��ò�ÇCz�þ�±uy,
ÏLN!)�!ò»^��3 1.6—2.4 mk�N
! NiO á��ò�Ç. ù� PSCs >³�4�1Æ
�OJø
#���: ÏLUC NiO á��ò�Ç
�O�4�1Æ(�, ò���13>³àÜÔ�
¥�1§, Jp>³=��Ç.

ã 1 (a)SE ÿþ�Ñ�ØÓ�.§ÝÚò»� NiO ���ò�ÇÚ�1Xê;(b) �âý êâ�Ñ�ØÓ�.§ÝÚò»
� NiO ���1Æ�Y

ã 2 �ÑØÓ Tsub(250◦C,350◦C,450◦C) )�
� NiO ��� XRD ã. é²w��.§Ý�J
,,NiO �� (111) ¡û�¸�rÝÅì~�,Tsub

� 250◦C � (111) û�¸rÝ��;Tsub � 350◦C
� (111) û � ¸ r Ý � k 250◦C � � � �; 
� Tsub ,p� 450◦C �, Tû�¸®fz�Å
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�. ,��¡,(100) ¡û�¸�rÝ� Tsub �O
\O\, �ª 450◦C � NiO ��± (100) ���
Ì. ù
CzL²:NiO ������ Tsub �m�
3�6'X.Choi �|�Ñ [17],NiO ¬N)���
�� O2− �ü�k'. �ó�íN� O2 ½�l
fN¥k�õ� O2− �,NiO ¬Nò±���ü
¡ (111) ¡)�; �ó�íN� Ar ½ö O2 Óé�
'~�, Ó�¹k Na+ Ú O2− � (100) ¡äk��
L¡U,NiO ¬Nòª�u÷ (100) ¡)�. Ïd, æ
^ Ar �ó�íN$ Tsub � (X Tsub=250◦C), í
�Ñ� NiO Ek÷ (100) ¡)��ª³. �du�
.�§Ý�$, vk¼�v
�L¡[£U, Ïd
�«¬¡��Ó�Ñy; � Tsub O��, �f��
�.�k�õ�ÄU3L¡[â [18] �L¡U��
¬¡ (100) )�. Ïd Tsub � 350◦C � (111) ¡û
�¸rÝ²weü,(100) ¡û�rÝ²w,p; �
ª�X§Ý�?�Ú,p Tsub � 450◦C �,NiO �

�± (100) ���Ì, ��¬N(��Ð!Cqü
¬� NiO ��.

ã 2 ØÓ�.§Ý (250◦C,350◦C,450◦C) e)� NiO � XRD
Ì, ±9 600◦C ý�ò»� Tsub=350◦C � NiO �¬ XRD Ìã

ã 3 (a) Tsub=150◦C � NiO � / m;(b)Tsub=250◦C � NiO / m;(c) Tsub=350◦C � NiO / m;(d) 600◦C ý � ò »
� Tsub=350◦C � NiO ���/m

æ^o&�{ÿþã 2 ¥� NiO �¬�u
y:Tsub � 250◦C ��¬>{3îîþ?, Cq��
ý�á�;Tsub � 450◦C ��¬Ø�>; �k Tsub

� 350◦ � NiO �¬¡>{ (Rs) � 3.02 kΩ/cm2. (

Üã 3(b) �Ñ� Tsub � 250◦C � NiO ���×£
>º (SEM) (J, é²wd�� NiO ��´dÃ
ê� NiO �âÃS�æÈå5�, ¬â�m(�t
Ñ, �ÇéJ3¬â�mÑ$, Ïd3÷*þwy
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Ñ�>{. 3?Ø Tsub � 450◦C ��¬c, 7L�
Ñ NiO �,´1�«���� p .ß²�>�z
Ô��N (TOSs) á� [19], �XÀ� NiO á���
´�«ý�Ná�. du NiO ��3��L§¥¬
�) Ni � ¦�NXU
ÏL�Ç$ÄD�>6,
=C��« p .��Ná� [20]. �c XRD �©Û
�Ñ,Tsub � 450◦C � NiO ��, kX�Ð���
Ú¬N(�, �A�NX¥ Ni � "�ßÝü$.
Ïd, d� NiO ��÷*þLy�ý�N.

ã 4 © O æ ^ NiO � PEDOT:PSS � � 4 { 	 � á �
� PSC >³� I-V �ÿÁ(J (�\ã�”ITO/NiO/P3HT:
PCBM/LiF/Al” (� PSC >³(�«¿ã. �â Abe �<��
� [22], �Ç3 NiO ¥�*ÑXê D �� 4×10−8cm2/s, �
ÇÆ· τ �6u1ìrÝ, ��3 3× 10−2— 1 × 100 s m.
¤±��âúª L =

√
D · τ O�Ñ�Ç�*Ñ�Ý� L =√

D · τ ≈ 1 × 10−5m. Ïd,NiO {	� (þÝ�� 10nm) ¥Ø
¬�>fEÜ, �±�k��DÑ�Ç)

� � � « � � ( �,NiO � � � 5 U � /
m ; � é X, 3 ã 3 ¥ � Ñ Ø Ó ^ � e NiO
� � � SEM ã. ã 3 (a),(b),(c) © � Ñ Tsub

� 150◦C,250◦CC,350◦C � NiO ���/m. c
¡®²J�,Tsub � 250◦C ��¬dtÑ� NiO ¬
âæÈå5, k²w�¬.. éw, Tsub � 150◦C
� NiO ¬â�mü��\�Õt, ¬â�mk
² w � ¿ Y, ÷ * þ � L y Ñ ý � N 5 �.Tsub

� 350◦C �, ��/m� NiO ¬â���ü�,
¬âmkpKª³. o&�{ÿÑ�¬¡>{ (Rs)
� 3.02 kΩ/cm2, `²d� Ni+ �ÇßÝ��, �Ç
�U3��¥¢yÑ$. �^�>³>4, E,¬
�ÌO\>³S{, ��>³1Ï5U�ü$ [21].
I�?�Ú`zá�(�, ü$>{. Ïdé Tsub

� 350◦CC ��¬?1� ò»?n, ã 2 ¥�
Ñ 600◦C ò»c� Tsub � 350◦C ��¬ XRD ã
Ì. ÏLé', ²ò»� NiO û�¸rÝ�ÌÝJ

,, �¸°�k¤eü, `² 600◦C ò»Uk�`
z NiO ¬N�¬N(�, ~�NX�ÃSÝ. ��
û�¸�O\ÌÝÄ���, `²d���E´õ
¬(�, � ò»¿vkUC NiO ¬N(�, NX
¥Ek�þ"��3. 3ã 3(d) ¥�Ñ)�§Ý
² 600◦C ò»� NiO � SEM /m, é²w�k�
¬.3ò»�C�Ø²w, �k�þ� NiO ¬â�
3� NiO ��þ, ¬.>{�Ì�f. �A�d�
o&�ÿþ(JL² NiO �� Rs � 0.51 kΩ/cm2.

Xþ¤ã, ÏLõ«ÃãéÜÿþ!é'Ú
©Û, ��
 Rs �`z� NiO ��á�. ^d
á� (Tsub � 350◦C ¿² 600◦C ò»�����
�� NiO ��) ��>f{	���Ñã 4 �ã
¤«� PSC ì�, ¿± PEDOT:PSS ��{	�
��Ñé'ì�. éü«>³ì�3 1.5 AM I
O1re�
 I-V �é'ÿÁ, (JXã 4 ¤
«. lã¥�±²wwÑ, æ^ NiO ��4{	�
� PEDOT:PSS ��4{	��ì��': á´>
6 Isc d 4.13 mA/cm3 Jp� 6.21 mA/cm3, m´>
Ø Voc d�5� 0.46 V ,� 0.69V, W¿Ïf FF
�l 42.0% C� 61.8%, >³��êâÑ� PE-
DOT:PSS �k
²w�Jp, �A�=��Ç�
l 0.80% Jp�
 2.65%. ù�(J, `²ÏLÀ
JÜ·�)�§Ý!ò»^��, ^�í���
� NiO á��~·Ü^� PSCs >³��4{	
�. Ün�O NiO á��1Æ(�, ¿?�ÚJ
p NiO á��>�Ç, ò´Jp PSCs >³5U�
k�å».

4 ( Ø

nþ¤ã, éØÓ��^�e)�� NiO �
��ïÄÿÁL², ÏLò»!UC�.§Ý�,
�±k�UC NiO ���¬N(�±9L¡/m,
�ª¢yé NiO �>5�N�. ^¤�����
� NiO ��� PEDOT:PSS ���4{	����
àÜÔ��U>³ÿÁ(Jw«: ^ p .ß²�>
�zÔ NiO ���4{	�Uk�Jp PSC �á
´>6, m´>Ø±9W¿Ïf. Ïd�±�Ñ(
Ø:p . NiO U� ITO ¢yî0�>�k��Â8
�Ç¿{	>f, '~^� PEDOT:PSS ���·
Ü�àÜÔ��U>³ (OSC) ��4{	�. Ün
�O NiO á��1Æ(�, ¿?�ÚJp NiO á
��>�Ç, ò´Jp PSCs >³5U�k�å».
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Abstract
NiO films are prepared with radio frequency magnetron sputtering. Ellipsometric experiment results show that NiO film is

transparent for visible light,and its refractive index can be modified by changing Tsub and annealing temperature. Scanning electron
microscopy and X-ray diffraction experiment results show that Tsub and annealing temperature can modify the morphology and crystal
structure of NiO film which can further modify the conductivity of NiO. The optimized NiO film is used in polymer solar cell (PSC)
as an anode blocking layer. The experimental results show that NiO is a better candidate than the PEDOT:PSS often used as an anode
blocking layer for PSC. The power conversion efficiency of PSC with NiO reaches 2.26% which is three times as high as that with
PEDOT:PSS.

Keywords: NiO film, anode blocking layer, polymer solar cells
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