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��
(�� ITO/CuPc/NPB/Alq3/LiF/Al �~5kÅu1�4+, ��éì�æ^Å�� 442 nm Ú 325 nm �
-1�?1ì��)-f, ¿3� Øe (�yì�vkmé) é-f�üzL§?1��,Ó�ÿþì��1�^
>� (photo-induced magneto-conductance, PIMC). ¢�uy, ØÓu>5\�)-f�^>��A, PIMC 3�!�
� ØeLyÑ²wØÓ�^�A(J. ��ì�\þ��� Ø�, ì�� PIMC 3 0—40 mT ��S×�þ,;

�X^|�?�ÚO�, T PIMC O\�ú, ¿Åìªu�Ú. ��� Ø�, ì�� PIMC �X^|�´k×�O
� (0—40 mT), �������%qÅì~�. ÏL©Û	\^|éì�1)16f�*L§�K�, æ^ ‘>f -

�Çé’ �.Ú�°[�p�^nØé�� Øe� PIMC ?1
)º; �� ØeÏ�kÅ��U?'X, �-
f�>Ö�p�^Jø
7�^�, $^n­�-f�>Ö��AÅ��±)º PIMC Ñyp|eü�¢�y�.

'�c: kÅu1�4+, 1)16f, p^|�A, n­�-f - >Ö�A

PACS: 73.61Ph, 73.43.Qt

1 Ú ó

�CïÄL², 3Ø�¹?Û^5õU��
~5kÅu1ì�¥, 	\^|�±¦Ù>6Ú
u1u)wÍUC [1], ¿òù«ÛAy�½Â�
kÅ^�A (organic magnetic field effects); �âì
��>6Úu1�^�A, ©O·¶�kÅ^>
� (organic magnetoconductance, OMC) ÚkÅ^�
u1 (organic electroluminescence, OMEL). �Xï
Ä�Øä�\, uyÏì�(�9ÿþ^��Ø
Ó, OMC �ê�!�.$�ÎÒÑ�±u)U
C [1−20]. ��«ù«#ÛkÅ^>��A�Ô
nÅ�, <�JÑ
�
nØ�., X>f - �Ç
é�. [1,13]!-f - >Ö�A�. (triplet-charge
annihilation, TQA)[5,13] ÚV4zf�. [16] �. c
ü«�.Ñ�9�-f��): =>fÚ�Ç©O
lì��Ò4Ú�45\, 3>|�^e��DÑ,

�X3¥Õ�^åe�pÐ¼¿�ª)¤-f, ù
Ò´<�Ù��ÏL>5\�ª�)-f�Ä�
L§. �8c��, ©z¥��� OMC y�¤�9
�-f, Ä�þÑ´�	>´5\>Ö¤�). ·
���, Ø
>5\�ª�±�)-f	, æ^1
-uÓ��±�)-f, �3ü«�ª¥-f�ü
zL§�Nþ´_L§, ¦+Ù¥�ü­��n­
��'Çk���Ø��. ��ég,���¯
K´: 1-u�ª¤�)� OMC �>5\�¹e
� OMC kvkØÓº�d, ·�3kÅ��N~
5ì�þ, ÏL1-u�ª�)-f, ¿3� Ø
e (4ì�vkmé, 1>6´V>6� 2 �êþ
?±þ) ö�d-füz�)�1>6; ÏL	\
^|éù«1>��K�, l,	���Ý5ïÄ
�C3kÅ��Nì�¥Ñy�ÛA^y�. éù
«kÅ1>��^�A?1ïÄ, �"uy�
#
�¢�y� (�Xe©¤���), ´é>5\�ª
ekÅ^>��AïÄ�éÐÖ¿, òkÏu?�
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Ún)3�^kÅ��Nì�¥Ñy^�A��
*Å�, äk�Ð�ïÄd�.

2 ì����ÿþ

�¢���
(�� ITO/CuPc(15 nm)/NPB
(60 nm)/Alq3(80 nm)/LiF(1 nm)/Al(100 nm) �kÅ
u 1 � 4 + (I O ì �), Ù ¥ CuPc � � ¡ �
Copper-phthalocyanine, NPB � � ¡ � N,N′-
Di(naphthalen-1-yl)-N,N′ diphenyl-benzidine, Alq3 �
� ¡ � tris-(8-hydroxyquinoline) aluminum(III). �
� é ì, � � � 
 ( � � ITO/CuPc(15 nm)
/NPB(120 nm)/LiF(1 nm)/Al(100 nm) ���ì�.
ì��äN��L§9�kÅõU��)�ëê
�ë�©z [17] ��, Ùk�¡È� 1 × 2 mm2.
ì���Ð�, �×�£\ý�4Ì�e%XÚ�
eÞþ¿?1�½�ë�. eÞ���3�é>^
c (Lakeshore: EM 647) �^4�m, 	\^|²1
u�¬L¡, >^c��^|� 1 T, ��d¿�&
ÞÏL Lakeshore 421 pdO��ÿþ. æ^d·
�?�� Labview §S���)>^c!¿�&
Þ9Ù��ü�Ú Keithley 2400 >
3S���
ÿþXÚ. Ù¥, Keithley 2400 >
�ì�Jø��
� Ø¿Ó�ÿþì��D�>6. æ^{I CVI
MG � He-Gd -1ì��-f�)�-u1
. T
-1ì�ÏLN!-1Þ?�ÈÚ¡©O�)Å
�� 325 Ú 442 nm �üÅ�-1å±9ü«Å�
�·Ü-1å, -1åÏL��ºÚ®àßº�¤
�|�R�ì�ì�. ��ÿþL§3¿§!ý�
e?1, ÿþ�	\ Ø��±(�ì�vkmé,
��1>6´V>6� 2 �êþ?±þ, �¢�¥
ÏL�� ØÚ-1rÝ, ¦1>63 1 µA ±S.
��ÿþ�Ó� Øe�V>6, 3���ÿþ°
ÝSvkuyk?Û^�A; Ïd, �©¤*	�
�¤k^>��A, Ñ´1>63^|�^e�(
J, =1�^>��A (PIMC).

3 (J�?Ø

ã 1 �Ñ
3� Ø^�e (= ITO ��4,
Al �K4), IOì�3Å�� 325 Ú 442 nm �
-1ì�e�^>�Cz­�, = PIMC. T PIMC
�½Âª� [I(B) − I(0)]/I(0) × 100%, Ù¥ I(B)
Ú I(0) ©OL«k!Ã^|�¹e6Lì��D

�>6. ã¥�Þ�A«>6Ñ´1)16f3
ì�� Øe/¤�>6, Ï��X3c¡�¢�
Ü©¤ã, ¢�¥(�� Øe�V>6�'1>
6$ü�êþ?, �3¢�°Ý���S, vk&
ÿ�Tþ?V>6LyÑ
^�A. lã 1(a) ¥�
±wÑ, 3�^|�� (|B| 6 40 mT), ì�3Å�
� 325 nm �-1ì�e� PIMC þ�^|�O�

¯�O\, =�^>��A. �^| |B| > 40 mT
�, ì�� PIMC �X^|�O�
�úO\, ¿
Åìªu�Ú. PIMC ���p�� 6%. ã 1(b) �
ì�3Å�� 442 nm �-1ì�e� PIMC �	
\^|�Cz­�, PIMC ���p��� 8%. �
±wÑ, ì�3 442 nm �-1ì�e� PIMC ­
��3 325 nm �-1ì�e� PIMC ­��©�
q. '�ã 1(a) Ú 1(b) �±wÑ, 3ü«ØÓÅ
��-1ì�eì�� PIMC �����, ^>
��.�Ä��Ó, L²3(�U
-u>f�
[��¹e, ùü«-1�Å�é^>��K�
��.

����

� � � � � � � � � � � � � � � � � � � � � �����
����	
� � 
 � �

� � � � � � � � � � � � � � � � � � � � � �
� � �

���	
� � � � � � � � � � � � �� � � � � � � � � � �� � � � � � � �  � �� � � � ! � � � �� " �
� � � � � � � � � � � �� � � � � � � �  � �� � � � ! � � � �

ã 1 ¿ § � � �   Ø e, I O ì � 3 Å � � 325 (a)
Ú 442 nm (b) -1ì�e�1�^>��A
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ã 2 �Ñ
3��� Øe (= ITO �K4,
Al ��4), IOì�3Å�� 325 Ú 442 nm �-
1ì�e� PIMC Cz­�.ã¥�Þ�A«>6
Ó��Ñ´1)16f3ì�� Øe/¤�>
6. l�Nþ`, 3ü«ØÓÅ��-1ì�eì
�� PIMC �����, �� Ø^�e��/�
'�, � Øe� PIMC ��é��, �p� 6%.
'�ã 1 Úã 2 �±uy, 3�!�ü«ØÓ� 
Øe, ì� PIMC �.LyÑØÓ�Czª³. 3
� Øe, ì�3$| (0—40 mT) � PIMC ×�O
�, ù�� Ø^�e��/�Ó. �ì�� PIMC
3� 40 mT ?������, �X^|�?�Ú
O�, PIMC m©�úeü. ¦+ì�� PIMC �
©ª��, =�^>��A, �3�u 40 mT �
�, T PIMC K¥KO�Cz, ù«ª³�ì��
1>6��Ã'. �±wÑ, 3�!� Øe, ì
� PIMC �$|�AÄ��Ó, �Ùp|�A�,
ØÓ.
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ã 2 ¿§��� Øe, IOì�3Å�� 325 nm (a)
Ú 442 nm (b) -1ì�e�1�^>��A

Ï~, 3>5\L§¥, lÒ45\�>fÚ

l�45\��Ç3>|�^e��£Ä, 3¥
ÕÚå��^e, *d�p�C. Ù¥�Ü©>f
Ú�Ç�pÐ¼/¤©fm>f - �Çé (q¡�
4zfé), �X>fÚ�Ç�m�ål?�Ú~
�, Ò¬/¤©fS>f - �Çé (=-f)[21], X
ã 3(a) ¤« (ã¥¢��ÞL«16f�Ì�=
z��, J��ÞL«���=zL§). 4zf
é [(PP)1, (PP)3] Ú-f (S∗, T) Ñ�)ü­�Ún
­�ü«g^�. Uìg^ÚO�K, d>5\�
)�ü­�-f�n­�-f�'~´ 1:3[22]. �
3-1ì�e, -1UòkÅá�©f�pÓk©
f;� (highest occupied molecular orbital, HOMO)
þ�>f-u��$�Ók©f;� (lowest unoc-
cupied molecular orbital, LUMO), l
/¤-f. �
�
ó, d1-u�)�-fÑ´ü­�-f. �
±wÑ, 3ü«ØÓ�-u�ªe, -f��)�
ªk��ØÓ.

1)-f (�)ü­�Ún­�) �ÏL�¯
>f=£L§ò>f=£����©fþ, l
/
¤4zfé (ü­�4zféÚn­�4zfé).
-fÚ4zféÑU
©l¤gd>Ö (Xã 3 ¤
«). ���un­�-f (½n­�4zfé) 

ó, ü­�-f (½ü­�4zfé) �lf5�
r, �N´)l¤gd>Ö [13,23]. gd>Ö3>|
��^e�ü>>4£Ä, l
/¤1>6. ÿþ
�uy, ^-1ì��ì��1>6´Ã1ì^�
eV>6�� 102 �, ùL²ì�¥�-fÌ�d
1-u�).

ü­�4zfé�±ÏL�°[�p�^u
)Xmu� (intersystem-crossing) 
=z�n­�
4zfé [1]. �vk	\^|�, ù«=z��k
� [24]. éü­�-f
ó, duü­�-f¥>f
Ú�Ç�ål��, §��m�g^��U��,
��ü­�-fÚn­�-f�m�U?m�é
�, Ïd3�¢�¥æ^ mT—T �^|þ?, ü­
�-fØUÏL�°[�p�^=z�n­�-
f [13,24]. �ÏLþã©Ûuy, ü­�-f�±Ï
L�¯>f=£L§=z�ü­�4zfé, ,�
ü­�4zféÏL�°[�p�^=z�n­
�4zfé, ��n­�4zfé2=z�n­�
-f. =�,ì�¥�-fÌ�d1-u�), 

1-u�)�-fqÌ�´ü­�-f, �´ì�
¥�,k�½êþ�n­�-f, Xã 3(b) ¤«.

3��� Øe (= ITO ��4, Al �K4),
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kÅ�¥1-u�)�>fÚ�Ç©O� ITO >
4Ú Al >4£Ä, du�õU��U?ü���
�, Ù¥16f�DÑ�é²ï, Ïd, �°[�p
�^3ì�¥åÌ��^. �°[�p�^3v
k	\^|��r, �3���	\^|e (0—
40 mT), �°[�p�^~f, ��ü­�4zf
é�n­�4zfé�=zÉ�³� [1,24], l
¦

ü­�4zfé�êþOõ, ¦ì�¥�>fÚ�
Ç�ê8�Oõ. Ïd, ì��D�>63$|×
�O�, PIMC ×�þ, (Xã 1 ¤«). �X^|�
?�ÚO�, ^|é�°[�p�^�³��^Å
ì�Ú, l
 PIMC �O\�Åì�Ú. Ïd, ��
� Øeì�� PIMC Ly�3$|¯�þ,, 3
p|O\�ú¿Åì�Ú.

(PP)1 

(PP)3  
 T 

S*  

e+h (e,h ) 

(PP)1 

(PP)3  
 T 

S*  

e+h 

 (a) (b) 

ã 3 ì�>5\L§ (a) Ú15\L§ (b) ¥�>fÚ�Ç�üzL§«¿ã, (pp)1 Ú *(pp)3 ©OL«ü­�Ún­�4z
fé, S∗ Ú T ©OL«ü­�Ún­�-f


3��� Øe (= ITO �K4, Al ��
4), >fÚ�Ç3kÅ�¥�DÑòØ2²ï.
ù ´ Ï �: 3 ITO/CuPc . ¡, ITO U ? � CuPc
� HOMO U?��Ø� (� ∆E ≈ 0.4 eV), 3
>|��^e, CuPc ¥-f��Ç� ITO Â8, l

¦-f)l, >f� Al >4£Ä. �du CuPc
� LUMO U?� NPB � LUMO U?�m�³
^é� (∆E ≈ 1.2 eV), >féJl CuPc �5\
� NPB �¥, ù¦� CuPc ¥k�þ��{>f.
,	, dcã��, ì�¥k�½êþ�n­�-
f, ¤± CuPc ¥Ó��3�½þ�n­�-fÚ
�{>f, l
� TQAJø
^�.Ï~, n­�-
fU�gd16f?1�p�^, l
©)¤�g
16f�z�o>6¥�, = T + Q → e + h + Q.
��ì��\��	^|�, ü­��n­��
=z�³�, ¦�n­�-f�ê8~�, l
³
�
 “n­�-f - >Ö�A” L§. �ª¬¦�
A�Ô (�g16f) �ê8~�, ��o>6C
�. d=�K�^>��A. Ïd, � Øeì��
o PIMC ´d TQA �^��°[�p�^U\�
(J. 3���^| (|B| > 40 mT) �^e, TQA �
^Åì�³� [25], ��ì��D�>6~�. Ïd,
� Øeì�� PIMC Ly�3$|×�þ,, 3
p|�úeü, Xã 2 ¤«.

� 
 é ± þ © Û ? 1 � y, · � � � 

( � � ITO/CuPc(15 nm)/NPB(120 nm)/LiF(1 nm)
/Al(100 nm) �ì���éìì�, ¿3¿§��
� Ø^�eÿþ
Tì�3 325 nm �-1ì�
e�^>��A, ¢�(JXã 4 ¤«. dã 4 �

�, éìì�� PIMC 3$|×�O�, 3� 40 mT
�����, ,��X^|�?�ÚO�, PIMC
m©�úeü, ù�IOì�3� Øe� PIMC
�.�©�q. �´�éuIOì�, Téìì
� PIMC �$|��
 5 ��m, ù´duTé
ìì�¥vkõU� Alq3, ¦�éìì�¥�-
fßÝ�$, l
K�
ì�$|����. '�
ã 2(a) Úã 4 � PIMC p|Ü©�±uy: 1) ü
«ì�3��� ØeÙp|Ü©ÑÑy
eü;
2) ü«ì�p|^>���eüÌÝÑ´� 0.8%.
�Ò´, T¢�(J�y
·��c�©Û, =ì
��oPIMC´TQA�^��°[�p�^U\�
(J.

ã 4 ¿§��� Øe, éìì�3 325 nm -1ì�e
�^>��A

nþ¤ã, 3� Øe, ì��²ïA5��
», l
� TQA �AJø
^�. 3ù«�¹e,
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ì�¥Ø
�°[�p�^Å�±	, ��3 TQA
�AÅ�. �°[�p�^é PIMC �K�Ly�
$|×�þ,, 3p|Åì�Ú; 
 TQA �AÅ�
¦ì�� PIMC 3	^|�^eÅì~�. ü«Å
�nÜ�^¦ì�� PIMC LyÑ3$|¯�þ
,
3p|�úeü.

4 ( Ø

�©��
(�� ITO/CuPc/NPB/Alq3/LiF/Al
�kÅ��Nì�, ¿3Å�� 325 Ú 442 nm �
-1ì�eÿþ
ì��1�^>��A. (Ju
y
ì�3�!� ØeLyÑ
ØÓ�^�A.

�DÚ�ÿþÃã�'�, �¢�æ^
-1ì�
ù�¢�^�, ±dïÄ	\^|éì�1)16
f�*L§�K�. lì�31ìe-f��)�
ªÑu, �©éì�¤LyÑ�ÛA^>��A?
1
©Û, @���� Ø�, ì��^>�d�
°[�p�^Å�U�Ð�)º; 
��� Øe,
ì�¥1)16fØ2äk²ïDÑA5, l
�
n­�-f - >Ö�AJø
^�; d�, ì�¥�
^>�´�°[�p�^Å��n­�-f - >Ö
�AÅ�U\�(J. �ó�ÿÐ
kÅ^>��
ïÄÃã, ´L
kÅ^�A�¢�y�, é�(
n)kÅu1ì�¥�^>��)Å�k�½�
ë�d�.
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Abstract

Organic light-emitting diode with a structure of ITO/CuPc/NPB/Alq3/LiF/Al is fabricated. The excitons of the device are pro-

duced by laser irradiation using two kinds of laser beams which are at 442 nm and 325 nm, and the evolutions of the excitons are

controlled by a small bias (which is either positive or negative, and ensures that the device does not turn on). The photo-induced

magneto-conductance (PIMC), which is the dark current of the device showing no magnetic response at a small bias, is also measured

at the same time. It is found that unlike the magneto-conductance in the electrical injection case, the PIMC presents significantly differ-

ent results at the positive and negative small bias. The PIMC of the device increases rapidly in a range of 0–40 mT at a small forward

bias, then increases slowly with the further increase of magnetic field, and finally becomes saturated gradually. But in the case of small

reverse bias, although the PIMC of the device also first increases rapidly with the increase of magnetic field (0–40 mT), but it decreases

after its maximum value has been reached. By using a composite model of electron-hole pairs and the theory of hyperfine interaction,

the PIMC effect at the forward bias can be explained by analyzing the effects of the applied magnetic field on the micro-processes

of the light-generated carrier of the device. When the device is in the case of reverse bias, due to the fact that the relationship of the

energy-band of each organic layer provides the necessary conditions for the interactions between exciton and charge, the decrease of

PIMC in high magnetic-fields can be attributed to the mechanism of reaction between triplet exciton and charge.
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