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á��[£Ç´Ù'�>ÆA5��. kÅá�[£Ç�ïÄéukÅ>�u1ì�!kÅ��>³!k
Å��|�A¬N+5U�Jpk��¿Â. A^{ü´1��m>Ö��>6�{, éÄun (8- àÄî{)

¾ (Alq3) �o«ü16fì�>6�Ý - >Ø�A5?1ïÄ, �â�m>Ö��>6�., [ÜÑ Alq3 á�3
o«ì�¥�"|>f[£ÇÚ>|�6Ïf, ¿��Ñ Alq3 >f[£Ç�	\ Ø�Czª³. ¢�(JL²,

º>4¾�Û��À�Íz� (1 nm) Ú Alq3 (100 nm) �L¡�, �±²wUõ Alq3 �"|[£ÇÚ>|�6Ï
f. @��)ù«y���Ï´Íz��±¦¾Ú Alq3 u)äÜ�A, /¤ Li+1Alq−1 âf, /¤ûÐ�î0�>,

¦�>f�5\�Ç��Jp.

'�c: �m>Ö��>6, �À�, [£Ç, n (8-àÄî{)¾
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1 Ú ó

kÅá��[£Ç´���©���I,

û½
ì��õÑÚ16f3�½>|e�[£
�Ý, ?û½
kÅá�3ì�¥�d3A^.

ÀJ16f[£Ç�p¿�½�kÅá�, k
|uJpkÅ>�u1ì� (organic light emitting

device, {P� OLED) �>Ö5\Uå, ~�üá
3DÑá�¥�Øü, ü$ì�õÑ [1,2]; ÀJÜ
·�á�NX, ²ï5\�16f, k|uJpu
1�Ç, ò�ì�Æ·; 3kÅ��¬N+ (organic

thin-film transistor, {P� OTFT) ¥, ÀJp[£
Ç�á�, k|u~����Ý, Jpì�8¤
Ý [3]. 3kÅ��>³ (organic photovoltage, {P
� OPV) ¥, ÀJp[£Ç�á�, k|uü$>{

±Jpì�õÇ [4]. ÏdïÄkÅá��[£Çé
uá��ÀJÚì�5U�JpkX���^.

L�á�[£Ç�~^�{kéõ, Ù¥�1
�m (time of flight, {P� TOF) {´8cÿþ1
6f[£Ç�k�!�2���{ [5]. 3óÀ-
1e, ÿÁ�¬��à�)1)16f. 3�½>
|��^e, 1)16f3�¬¥DÑ¿�,�
ý�>4�Â, ÏLDaì&Ò�Cz5ÿþ�½
>Øe16f3�¬¥�[£Ç. ,, du$ó
À-1�)�1)16f�Ý��, ¦�Â8>4
à�)�&Ò��, �N&Ò�&D'�~$, ù
I�JpÿÁ�¬��Ý5�Ö. Ïd, TOF {ÿ
Á�¬�þÝ��� 2—8 µm, ù�þÝ��L;
. OLED ì��þÝ (100 nm). TOF {ÿþ�16
f[£ÇØU��^uì�5U�ý½öì��
O. �m>Ö��>6 (space charge limited currents,
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{P� SCLC) {�2�A^u�½>|ekÅá
�16f[£Ç�ÿþ [6,7], ù´�«ÏLékÅ
á���m>Ö��>6�	\ Ø�m�'X
� (ÏSA5�) ?1©Û, l¼�16f[
£Ç��«�{. ù«�{Ø
äkÿÁ��{
ü!ÿÁ�{°Ý�p�`:±	, ���`³3
uÿÁ���þÝ�±�~�, ��� 100 nm �
m, ù�á�3¢Sì�¥�þÝ�~�C, ÿÁ
(J����. �´, $^ SCLC {�kû^�´
ÿÁ��16f�5\7L´î05\, �Ò´`
16f�5\ØUK�ì�¥16f�6Ä. ¢S
á�A^�¿Ø¬o÷vù�^�, k�ÿI�U
C.¡á��õ¼ê, ½öÚ\Ü·��À�, ¦
�kÅ��>4¢yOî0�>, ±·^u SCLC

{ [8−10].

�©$^ SCLC {ÿÁn (8-àÄî{)¾ (tris

(8-hydroxyquinolinato) aluminum, {P� Alq3) �
� (100 nm) 3�½>|^�e�>f[£Ç. �
éo«ü16fì�� J/V A5?1ïÄ, �
â SCLC �., [ÜÑ Alq3 á�3o«ì�¥�"
|>f[£ÇÚ>|�6Ïf, ¿�±Ñ Alq3 >f
[£Ç�°Ä>Ø�Czª³, ©Û Alq3 � LiF/Al

>4�)î0�>�^�.

2 ¢ �

¢�¥���o«ü16fì�(�Ú�õ
U�þÝXã 1 ¤«. Ù¥ì� 2, 3, 4 �ì� 1 �
', ©O3kÅ��º>4½ (Ú) .>4�m\
\�� LiF ?1>4?». ì���L§�: òÀ� � � � � � � � � 	 
 � �  � �� � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � �� � � � � � � �� 	 
 � �  � �� 	 
 � �  � �� � � � � � � �� � � � � � � � � � �� � � � � � � �� 	 
 � �  � �� � � � � � � �� � � � � � � � � � �� � � � � � � �

� ���
ã 1 �¢��O���o«ü16fì�(�

æ�.^ZÑ!¯U!�lfY�EÞW, 2²L
�(�W�, 3 10−3 Pa ý�^�e�Û 50 nm �
7á Al ��.>4. >fDÑá� Alq3 Ú�À
� LiF ���´3ý�^�� 4×10−4 Pa �k
kÅí��ÈXÚ¥?1�, ��Ó�3 10−3 Pa

�ý�Ýe�u 50 nm � Al ��º>4. ���
)��Çþd{I IL-400 .�þ��¤?1��;

ì��>6>ØA5d{I Keithley-2400 >6>
ØÿÁ¤iÿ; ¤kÿÁÑ´3�í¥?1�.

3 SCLC nØ©Û

;.�7ákÅá� I-V A5��±©�
n�«�. �á� Ø�p�, �?\�m>Ö
��>6«� [11], d�Ò4ü �m5\�>f
ê8�L
�m¤U�B�ê8, õ{�Ò¬/¤
K��m>Ö, lE¤��ü$>flÒ4u�
�Ç�>|, ì��>6Ì�dá�SÜ�16f
[£Ç��. 3Ø�Ä�²Ú	>|éu16f[
£ÇK���¹e, ÏL¦)Ñt�§ (1) ÚëY
5�§ (2), �±��>6�Ý J �	\ Ø V �
'X (3).

ε0εr

e

dE(x)
d(x)

= ρ(x), (1)

J = ρ(x)eµE(x), (2)

J =
9
8
ε0εrµ

V 2

L3
, (3)

Ù¥ ρ(x) �>Ö�Ý, E(x) �>|rÝ, þ�å.
¡ål x �¼ê; µ �16f�[£Ç, V �	\ 
Ø, L ��ÿ�¬�þÝ; e �>Öþ, ε0 Ú εr ©O
�ý�0>~êÚ�é0>~ê, ;.kÅÔ�é
0>~ê εr � 3. ù�ó�Äkd Mott Ú Gurney

�¤, Ïd (3) ªq¡� Mott-Gurney �§ [12]. ,
kÅá��16f[£ÇLyÑér�|�6
5, Ù'X�d Poole-Frenke úª (4) L« [13]:

µ(E) = µ0 exp(γ
√

E), (4)

ª¥ µ0 �">|[£Ç, γ �>|�6Ïf, Ï~
���~ê. (Ü (3) Ú (4) ª�±�� (5) ª:

J =
9
8
ε0εrµ0

E2

L
exp(γ

√
E). (5)

ü>�g,éê��:

ln
(

J

E2

)
= ln

(
9
8

εrε0µ0

L

)
+ γ

√
E, (6)

147801-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 147801

�� ln
(

J

E2

)
�

√
E �m�3X�5'X. �±

±Ñ ln
(

J

E2

)
�

√
E Cz�¼êã�, �â��

��ÇÚ�å�±í�ÑkÅá��16f"|
[£Ç µ0. �\ (4) ª�����½>|e16f
�|�6[£Ç.

4 (J�©Û

ã 2 �o«ì� J-V A5�, �±²ww�
ì� 2, 4 ÿÁ���>6�Ý J 'ì� 1, 3 3�
Ó>Øepéõ. ©O�o�ì�p Ø�m>Ö

��>6«��êâ, �� ln
(

J

E2

)
�

√
E Cz

�¼êã�, Xã 3 ¤«. ¿±�[Ü��, uyo

«ì��[Ü���¢�êâÎÜ§Ý�~Ð. ·
�O�Ñ[Ü����ÇÚ�å, ¿©O�\ (6)

ª¥, ¤�(JXL 1 ¤«.

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

����
ã 2 o«ì� J-V A5'�� � � � �� � � � �� � � � �� ��	
��  � � � � � � � � � � � �� � � � � � � � � �� � � � �� � � � �� � � � �� ��	
��  � � � � � � � � � � � �� � � � � � � � � �

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

ã 3 o«ì� ln

(
J

E2

)
�

√
E Cz¼êêâ�[Üã�

L 1 o«ì�[ÜO�"|>f[£Ç µ0

Ú>|�6Ïf γ (J

ì� µ0/cm2·V−1·s−1 γ/(cm/V)1/2

1 2.05×10−10 0.00846

2 2.14×10−7 0.00569

3 8.98×10−10 0.00736

4 2.90×10−7 0.00582

ÏLé'L 1 �(J, ·�uy, ì� 2 Ú 4 ÿ
Á�(J�Ù¦�{ÿÁ�� Alq3 "|>f[£
Ç��ÎÜ [14], ì� 2 Ú 4 'ì� 1 Ú 3 ÿ��
"|>f[£Çp� 3 �êþ?, >|�6Ïf
K��.

·�©Û�)ù�y��Ì��Ï´, ì� 2

Ú 4 �(�÷v SCLC �A^^�, ì� 1 Ú 3

147801-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 147801

�(�Ã{÷v. �Ò´`, Alq3/LiF/Al ��Û^
S�±¦ Alq3 Ú Al �m�)ûÐ�î0�>, �
� Al/LiF/Alq3 ��Û^SÃ{�y Al � Alq3 �
16f5\�î05\. â��, �À��Ú\�
±k�Uõ7á>4�kÅá��16f5\ [15].

3 Alq3 Ú Al >4�mÚ\ LiF ���À�, �±
�)Xe�A:

3LiF + Al + 3Alq3 → AlF3 + 3Li+Alq−
3 . (7)

�A�)�7á�ÜÔ�gdÄ3 Alq3 �UYm
/¤��U?0u Alq3 Ú Al �m�#�U�, ü
$5\³^, ´u/¤î0�> [16,17]. ·���,

Alq3 ' LiF Ú Al �©f�»�, ©f�m�mY
�'��. @o� LiF Ú Al �g�Û� Alq3 �L
¡�, LiF Ú Al ¬?\� Alq3 �©fmY, ù�y
�O�
 Alq3 � LiF, Al ��>¡È, �|u7á
�ÜÔU?��)Úî0�>�/¤. �´ Alq3

�Û� LiF/Al L¡�, �»��� Alq3 ©fÃ{
?\ LiF ½ Al �©fmY, KØ|uî0�>�
/¤. ,	 (7) ª¤«�zÆ�AI��p�Uþ,

Al 7á��u§Ý� 2300 ◦C �m, p§� Al 7
á�Û� LiF/Alq3 �L¡�, k|ud�A�u
), �)7á�ÜÔU?, /¤î0�>. ,k
ÅÔ Alq3 ��u§Ý�k 150 ◦C �m, � Alq3 �
Û� LiF/Al L¡�, vkv
�Uþ¦ù��Au
), �ÒØU/¤î0�>. ÏL±þ©Û, ·�@
� Alq3/LiF/Al ��Û^S�±¦ Alq3 Ú Al �m
�)ûÐ�î0�>, d�^ SCLC {ÿ�� Alq3

>f[£Ç�Ù¦ÿÁ�{�(J�Î.

·�rì� 2, 4 ¤ÿ��16f"|>f[
£Ç�>|�6Ïf©O�\ (4) ª¥, �±±�

>f[£Ç�	\>|Cz�¼êã� (ã 4), Ï
L©Ûù�ã�, ÒU�� Alq3 á��16f3
ØÓ	\ Øe�|�6>f[£Ç. ù
êâé
uì�5U�ýÚì��OkX��¿Â [18].

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

� � � � � � � � � �
��

ã 4 ì� 2, 4 |�6>f[£Ç�'�

5 o (

�©|^ SCLC �{¼� Alq3 á��|�6
>f[£Ç�, uy Alq3/LiF/Al ��Û^S�±
¦ Alq3 Ú Al >4�m�)ûÐ�î0�>, �
��ê��Ù¦�{ÿÁ�(J�Î, d��>
6DÑA5dNá�û½, �>45\A5û
½; e��î0�>�, ÿÁ(Jk��� �.

©Û��� Alq3 �"|>f[£Ç�� 10−7

(cm2·V−1·s−1) êþ?, >|�6Ïf�� 10−3

(cm/V)1/2 êþ?, ¿§e Alq3 �|�6 (∼105—

106 (V·cm−1)) >f[£Ç�� 10−6 (cm2·V−1·s−1)

êþ?.
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Abstract

The charge-carrier mobility of an organic semiconducting material determines the material potential applications in devices. The

investigation on mobility of organic material plays a significant role in improving the performance of organic device, such as organic

light emitting diode, organic solar cell and organic thin film transistor. In this paper, we employ the space charge limited current (SCLC)

method to evaluate the electron mobility of the controlled device based on tris (8-hydroxyquinolinato) aluminum (Alq3). The zero-field

mobilities and field-dependent factors of the four devices are fitted respectively. The results show that depositing Al as top-electrode

onto buffer layer LiF (1 nm) and Alq3 (100 nm) can significantly improve the the zero-field mobility and field-dependent factor of

Alq3. The reason for that is that LiF could strengthen the complex reaction between Al and Alq3 to form Li+1Alq−1 particles, which

leads to the enhanced ohmic injection and electron injection.

Keywords: SCLC, buffer layer, carrier mobility, Alq3
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