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��
Äun (8- àÄî{) ¾ (tris-(8-hydroxyquinoline) aluminum (III), Alq3) �kÅu1�4+, ¿3ØÓ 
Øeÿþ
ì��¿§^>��A. 3� Øe, u1ì�Ð«Ñ²w�K^>��A.  ØO\�, ^>�dK�
C���, Ñy
�K=C�y�. N , N ′- ��Ä -N , N ′-(1- ÈÄ)-1, 1′- é� -4, 4′- �X (N , N ′-Di(naphthalen-1-

yl)-N , N ′ diphenyl-benzidine, NPB) �Ô�Ã (Copper phthalocyanine, CuPc) ü4ì�^>��ÿþ(JL², u1
ì�3� Øe�K^>��A5uì�¥� CuPc �. V4>6�^>��A�^>f - �Çé�.?1)º,

ü4>6�^>��A�8Ïuì�¥�4zf - V4zf=C. 35\>6�CzL§¥, u1ì���K^
>�=C´ü«Ån�Ó�^�(J.

'�c: kÅu1�4+, ^>�, V4zf, >f - �Çé

PACS: 71.35.Ji, 71.38.Mx, 75.47.−m

1 Ú ó

CAc5, kÅu1ì�¥�^|�AÚå

<��4�,�. ¢�uy, ��é��	\^|
Ò�±²wUCì��D�>6Ú>�u1 [1−17].

Ï~, �ì�±ð½>Ø ��, ò	\^|��
ì�D�>6��éCz¡�^>��A. e	
\^|¦ì��D�>6O�, K¡�^>��
A [1−4,10,12,13]. ��, K¡K^>��A [5,14]. �
üX��½K^>��AØÓ, 3,
ì�(�
¥, �UCì�� �>Ø�, ì��^>�Ñy
�K=C, ù«ÕA�y��¡���K^>��
A [6−9,11]. duì�¥Ø¹^5��Ú^5>4,

Ïdé^>��A�)º×�¤����2�ï
Ä�9:¯K.

¯õ�¢�(Jw«, kÅ^>��Ay�´
L!ÅnE,. �
)º	\^|��>6Cz�
�Ï, ïÄö©OJÑ
 “>f - �Çé” Ån [1,5],

“-f - >Ö�A” Ån [5,6], ±9 “V4zf” Å

n [18,19] �nØ�.. §��·^��ØÓ, U

)º�¢�y�k�, ��.���Ø¦�õ.

���*:@�, ì�^|�A��), �U5
uì�SÜ-u�m!½-u��gd>Öm�
�p�^, ù
�*ÔnL§äkg^�6�5�,

Ïd§���^rÝ�±É	\^|N�. nØþ
��Ø�r¦�õ�¢�ïÄ5Ïé^>��A
�kÅá�«a!ì�(�A:±9ÿþ^��
Cz5Æ, eæ^ØÓ�kÅá�Úõ��ì�(
�, ©Oÿþì�3ØÓ^�e�^>�¿?1é
', Kéu�Ú©ÛÃõnØ�.��(5äk
��ë�d�.

�©¥, Äk��
~5�kÅu1ì�,

Ù(���â�zÔ (ITO)/ Ô�Ã (Copper ph-

thalocyanine, CuPc)/N , N ′- � � Ä -N , N ′-(1- È
Ä)-1, 1′- é� -4, 4′- �X (N , N ′-Di(naphthalen-

1-yl)-N , N ′ diphenyl-benzidine, NPB)/n (8- à Ä
î {) ¾ (tris-(8-hydroxyquinoline) aluminum(III),

Alq3)/LiF/Al, ¿3ØÓ Øeÿþ
ì��^>
��A. ¢�uy, ì�3� ØeLyÑK^>
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��A, �X Ø�O�, ^>�dK�ÅìC�
��, Ñy
�K=C�y�. �
©Ûì�¥K
^>��A�5, q©O��
 NPB ü4ì�
Ú CuPc ü4ì�, ¿ÿþ
ü4ì��^>��
A. òØÓì��^>�ÿþ(J?1é', ��
½u1ì�¥�K^>�´d CuPc �Úå�. Ä
u “>f - �Çé” ÅnÚ “V4zf” Ånü«�
., ��é¢�(J?1
©ÛÚ?Ø.

2 ì�����ÿþ

� ¢ � æ ^ Alq3 ��> f D Ñ o u 1
á �, ± NPB ��� Ç D Ñ á �, ± CuPc �
�� Ç � À á �, k Å u 1 � 4 + � ì � (
�� ITO(100 nm)/CuPc(15 nm)/NPB(60 nm)/Alq3

(15 nm)/LiF(0.8 nm)/Al(120 nm), ITO ��ì �
� � 4, Al ��ì � � Ò 4. NPB ü 4 ì
� � ( � © O� ITO(100 nm)/NPB(120 nm)/Al

(120 nm) Ú Al(100 nm)/LiF(0.8 nm)/NPB(120 nm)/

LiF(0.8 nm)/Al(120 nm), cö�ü4�Ç>6ì
�, � ö�ü 4 > f > 6 ì �. CuPc ü 4 ì �
� ( � � NPB ì � � Ó, © O� ITO(100 nm)/

CuPc(120nm)/Al(120nm) Ú Al(100nm)/LiF(0.8nm)

/CuPc(120 nm)/LiF(0.8 nm)/Al(120 nm). � k Å
�!LiF Ú Al Ñ´3pý� (�� 10−5 Pa) ^
�eæ^9{�u��. 9�u�, ��þÝþ
æ^�þiÿ¤?1� ÿþ. ì��k�¡È
� 1.5 × 2 mm2. ÿþ�, ì���½3�é>^c
�^4�m, 	\^|²1u�¬L¡, ^|rÝ
d¿�&Þ��ÿþ. ì�� �>Ød Keithley

2400 Jø, ¿Ó�ÿþì��5\>6. ì�3ð
Ø �e�>6�~½, >6�¤£ÚD(Ñé
�. ¤kÿþÑ3¿§e?1. d	, éz�«(�
�ì�Ñ?1
�Eÿþ, ÿþ(JkéÐ��
E5.

3 ^>��ÿþ(J

Ï~, �ì�¥Ó�k>fÚ�Çü«16f
5\�, �òd��D�>6¡�V4>6. eì
�¥�k>f½ö�Ç�«16f5\�, Kòd
��D�>6¡�ü4>6.

ã 1 �Ñ
 Alq3 u1ì�3ØÓ Øe�^

>� (magnetoconductance, MC) �	\^| B �
Cz. ^>��½Â� MC = [I(B) − I(0)]/I(0) ×
100%, =	\^|��ì�D�>6u)�éCz
�z©'. dã 1 ��, �X Ø�O�, ^>�d
K�ÅìC���.  Ø�$, K^>��A�²
w. d	, ã 1 �w«Ñ, ì�3� Ø�K^>�
�	\^|�Czª³�3� Ø��^>��
	\^|�Czª³²wØ�Ó. K^>�3�^
|��S×�Cz¿é¯���Ú, �^|UYO
rÄ�ØC. �^>�Ø=Ó�3�^|��S×
�Cz, ��^|UYOrE,�úþ,, ¿Ø
¯�ªu�Ú.  Ø��, �^>��3��^
|��S�úþ,�ª³�²w.

ã 1 ØÓD�>6^�e Alq3 u1ì�� MC �	\
^| B �Cz �lþ�e, éA�>6�g� 25, 10,

5, 2.5, 1.0, 0.5, 0.25 Ú 0.1 µA

�!K^>��Aé^|�6'X�²w�
O, `²�öé�U´dØÓÅnÚå�. ïÄ^
>��K=C��Ï, ±93� ØeK^>�
�A�5, k�U�)º^>�y�Jø�
�¢. 3� Øe, ì�¥�D�>6Ì�dü4
>6�¤, =�«16f5\õ,�«16f5
\é�$�vk. d�, �kÅ�!kÅ��m!
kÅ��>4�m, ��u�X�Gé�>{. 	
\^|�±ü$½,p,�Ü©�>{, ì��^
>�´¤kÛÜ>{Cz�nÜ(J. cÏ¢�®
y¢, ØUCì��(�, =O\ Alq3 ��þÝò
��ì��K^>��A���� [13], ù`²�
 Øe�K^>���U5uì�¥� NPB �
½ CuPc �.

�
 Ï é K ^ > � � A � 5 , I � é ü
4 > 6 ì � � ^ > � ? 1 Å � ÿ þ. é NPB
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ü4�Ç>6ì� ((�� ITO/NPB/Al) ?1ÿ
þ, uyTì��D�>6vk²w�^�A,

MC 6 0.02%. éu NPB ü4>f>6ì� ((�
� Al/LiF/NPB/LiF/Al), ã 2 Ð«
Tì�3ØÓ

 Øe�ÿþ(J. dã 2 ��, Tì��^>�
�A��, �3?Ûÿþ^�eÑØU��K�,

ùÒüØ
u1ì�¥K^>��A5gu NPB

���U.

ã 2 ØÓD�>6^�e NPB ü4>f>6ì��^>��	\^|�Cz (a) 33 µA; (b) 103 µA; (c) 194 µA;

(d) 285 µA

ã 3 ØÓD�>6^�e CuPc ü4>f>6ì��^
>��	\^|�Cz �lþ�e, éA�>6�g
� 50, 5, 2.5, 1.0, 0.5, 0.25 Ú 0.1 µA

é u CuPc ü 4 � Ç > 6 ì � (( �
� ITO/CuPc/Al), ¢�ÿþuyTì�=k�f
�K^>��A, |MC| 6 0.06%. éu CuPc ü4
>f>6ì� ((�� Al/LiF/CuPc/LiF/Al), ¢�ÿ
þL²Tì�äk²w�K^>��A. ã 3 Ð«

 CuPc ü4>f>6ì�K^>��A�ÿþ(
J. dã 3 ��, 3ØÓ� Øeì��^>�þ
�K�, � Ø��K^>��A�²w,  ØO
��K^>��A�~f.

ã 4 é'
 Alq3 u1ì�� CuPc ü4>f
>6ì�^>���ÌÝ�D�>6�Cz5
Æ. �±éê�Iw«>6�, 3� Øe, �ö�
K^>�Ñ�>6O\¥�5Czª³, �K^>
��ÌÝ�Ó�êþ?, Ù¥ CuPc ü4>f>6
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ì��K^>��A�wÍ. é'(JL², 3u
1ì�¥, � Øe�K^>��A5gu CuPc

��S{�	\^|�Cz.

ã 4 Alq3 u1ì�� CuPc ü4ì��^>��D�>
6�Cz (a) Alq3 u1ì�; (b) CuPc ü4>f>6ì�

4 ? Ø

î8, õ�ïÄ|®²3ØÓ�kÅá�Úì
�(�¥©Oÿþ�
��!K�½�K^>�.

Xc¤ã, 8cékÅ^>��A��)Ån��
3���Ø. �
)ºþã�¢�ÿþ(J, k7
�é^>��A«nØ�.©O\±?ØÚ©Û.

3� Øe, ì�¥�D�>6Ì�dü4>
6�¤, dü«16fEÜ�¤�V4>63o>
6¥�'é�. éü4>6�^>��A, 8c
=k “V4zf” �.�±�ÑnØþ�)º. 3
kÅ��Ná�¥, ü�Ó«16f�mÏL��
d0>4zÚå�©f/C�)�½�áÚ�
^, eáÚ�^�L¥Õü½, Ò�U/¤��ä
kü�>Ö�g^�"�Oâf, =V4zf. V
4zf�.�'�3u,	\^|�±N�16f
3ü4zf�V4zf�m�=z [18,19]. du�
ö�[£ÇØÓ,	\^|�±UCD�>6��
�, Qk�U�)K^>�, �k�U���^>
�. 3V4>6«, w,dØÓ16f/¤�-
f�(ÜU���udÓ«16f/¤�V4z
f, Ïd>f - �ÇéÅn��Ün. >f - �Çé

Ån��:3u,	\^|U
¦ü�>f - �
ÇéOõ [1,5]. duü�>f - �Çé�N´©
)�gd>Ö, UO\ì�¥�16fßÝ, �
^|¦>6O�, ���^>��A. du8c�
vkÑyØ|±nØ�.�¢�(J, �5�õ�
ïÄö@�^V4zf�.�>f - �Çé�.
�|Ü5)ºkÅu1ì��^|�A´Ün�.

=�ì��D�>6dü4>6LÞ�V4>6
�, Úåì�^>���Ï�dV4zf�.ÓÌ
�ÅÚ=C�>f - �Çé�.ÓÌ�. 3>6C
z�L§¥, ì��^>��A´ü«Ån�Ó�
^�(J. A�5¿, >f - �ÇéÅn=u)3
u1�, 3üX�>ÖDÑ�, V4zf�.©
ªk�.

éuü4ì��^>��A, ¢�(Jw«>
f��Çü«16fé	\^|��Aké��
�O. Ï~[£Ç$�16fk²w�^�A[
£Çp�16f^�A�f, ùL²^�A�16
f�[£Çk²w�'é [10,16]. 3���kÅ�
�Ná�¥, 16f�[£Ç$  ´Ï�á�¥
k�p�>Ö�²�Ý½�°���>Ö�²©
Ù, ù
>Ö�²éV4zf�/¤k�½�9Ï
�^, Ïd3ù«�¹eV4zfÅn��^ò�
wÍ. 3�¢�¥, NPB Ú CuPc Ñ´~^��ÇD
Ñá�, �ö�ü4>f>6Ñk²w�^>��
A, �Ù�%�K��, éuù«y�y3�Ø�
ÙÙ�Ï. XJU
��ÿþØÓkÅá�¥ü4
>f>6Úü4�Ç>6�^>�, òkÏuV4
zf�.�?�Ú�õ, ùØ=U
��ÿÐ<�
ékÅ��Ná�¥16fÑ$5��Ån�@
£, �k|u�(@£K�kÅu1ì�^>��
A��«Ï�Ú�*Ån.

5 ( Ø

3kÅu1ì�¥, ü4ÚV4�5\>6Ñ
�±Úåì��^>��A, ^>��A��)
Ån��ØÓ. �ì��5\>6�ü4>6�,

Ó«16f�m�/¤V4zf. 	\^|�±N
�16f3ü4zf�V4zf�m�=z, l
��ì��½K�^>��A. AO/, [£Ç$
�16f~~k²w�^�A[£Çp�16
f^�A�f. �ì�� �3V4>6«, 5\
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�>fÚ�Ç�/¤>f - �Çé, >f - �Çé
3ü��n�m�=zÉ	\^|N�, dd
Úå5\>6��^>��A. ���¹e, ì�
�^>��AÌ�´V4zf�>f - �Çéü«
Ån�Ó�^�(J. eü«Ån���^>��

A�K���ÌÝ��, ì�¥Ò�U¬Ñy�K
^>�=C�y�. �\/ïÄkÅ��Nì�¥
^>�y���)Ån, �(@£ì�¥�«�1
6fg^�'��*ÔnL§, òé8��kÅg
^>fÆnØÚA^�)�K�.
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Abstract

Organic light-emitting diode (OLED) based on tris-(8-hydroxyquinoline) aluminum(III) (Alq3) is fabricated, and its magnetocon-

ductance (MC) effects are measured at different bias voltages. When the bias voltage is small, the OLED exhibits apparently a negative

MC effect. After the bias voltage is increased, the MC value changes from negative to positive, displaying a negative-positive inversion.

The MC effects in N , N ′-Di(naphthalen-1-yl)-N , N ′ diphenyl-benzidine (NPB) and Copper phthalocyanine (CuPc) unipolar devices

show that the negative MC effect in OLED comes from the CuPc layer in device. The MC effect of bipolar current can be explained

using the electron-hole pair model. The MC effect of unipolar current can be attributed to the polaron-bipolaron transition in device.

The positive-negative MC inversion in OLED results from the simultaneous contributions of the above two mechanisms during the

variation of the injection current.

Keywords: organic light-emitting diode, magnetoconductance, bipolaron, electron-hole pair
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