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Abstract − In order to investigate the carrier recombination zone in organic light emitting devices, three different color-

emitting(R, G, B) materials are inserted in series between a hole transport layer(HTL) and an electron transport layer(ETL). For

controlling the carrier recombination zone and changing the emission wavelength, α-NPD is used as a electron blocking layer

to limit the electron transport in the devices. It was found that the recombination zone moved as the applied voltage changed in

case of no electron blocking layer used. When the electron blocking layer α-NPD was used, the green emission was observed

since the electron transport was limited by α-NPD. In this study, it was shown that the emission color could be controlled by

aligning HOMO and LUMO energy bands of organic light emitting materials.
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 ����, �	 � ��� ��� �	 ���� �� � ! "#

$% &'( )	 *+, -$.� /0[1-3]. 19871 23$% ���

���4 �56 78% )	 9:;7 7 <�= >�'� /$?, "

@ ABC� 7D! >�� EF% &'( GHI4 4J! K�% �

�'L0[4-8]. 0M! NO� ������ PCQ �R$%ST UV

W� KXF ��� YEZ [\C *! >�� ]^_`7 aHC /

bQ� cYd& �e# fgC )	 hi= jD-$.� /0. 7D

! >� PCQ kk >��� KXlmnF ��lmn 97C o 4

p q	 r 4p� ��st, 9e'( &46 ��C uv YEZ w

x4 yI'� ������= >�'L0. 7D! >�C 9e6 ��

st%� KXlmn$% N,N-diphenyl-N,N-bis(3-methylphenyl)-1,1-

biphenyl-4,4-diamine(TPD), 9e'L�, aluminum tris(8-hydroxyqu-

inoline)(Alq3), ��lmn$% 9e'L0. z! {| ��n$%

Alq3, }~| ��n$%� perylene bisimide pigment(PBP), q	 phenyl-

pyridine beryllium(BePP2), �	| ��n$% rubrene7 ��6 Alq3

= 9e'( ��= ��'L0[9-11]. Alq3� PBP= o st, ��

n$% 9e! ��� ��C�, &46 ��, �4��C uv ��

|G	 PBP n$%ST ��W� �	|$%ST Alq3CQ ��W�

�	 {|$% yIW�0. 7D! YEZ [\� 7�	 ���$%
329
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 � >�CQ� KXlmnF ��lmn 97C r 4p(R, G, B)�

��st, �4'( &46 ��C u
 YEZ wx� 7�C *!

>�= l�'L$?, z! C�p ��7 G�d$% �	 ��st,

�V'( �'lm�� 7�, �!�$%� YEZ� wx= yI�

� ��|G, ��'�� 'L0. z! HOMO-LUMO C�p ��=

K�'( YEZ [\� 7�, ��'L0. >�C 9e6 �<� �

���st	 4,4-bis(2,2-diphenylvinyl)-1,1-biphenyl(DPVBi), �
|

��st% 9e'L$?, �	| ��st% [2-methyl-6-[2-(2,3,6,7-

tetrahydro-1H,5H-benzoquinolizin-9)ethenyl]-4H-pyran-4-ylidene]propane

dinitrile(DCM2)7 ��6 Alq3, ��� {| ��st%� Alq3= 9e

'L$?, 4,4-bis[N-(1-naphthyl)-N-phenyl-amino]biphenyl(α-NPD), 9e

'( �'lm�� 7�, �!'L0. z! KXUV ¡, ¢G�.

� w'( MRF KXlmn 97C KXUVn, N#'L0.

2. � �

������� ��, w'( £�¤7 15Ω/¥& ITO4 �¦6 �

� �§, 9e'L0. ̈ ©©�F ¨©rª«, 9e'( ��� MR

, N#'L0. ¨©rª«	 �¬ ©�6 ITO �� �§, ­7®l

(DI water)= 9e'( ¯3}rª, l�'�, 0� trichloroethylene

(TCE), °r±, ²³´, 9e'( �§, rª! 8 µp¶$% ­7

®l= 9e'( A· rª, 'L0. rª6 ITO �§C ��s, �

X �¦! 8C µp¶$% Li7 0.26 wt% ��6 Al : Li Z¸, �X

�¦'( MR, N#�$%� ��= ��'L0. 9e6 ��s%�

MRCQ UVW� KX� UV, ¹º'» '� w'( KXUVn$

% 4,4,4-tris[biphenyl-3-yl(phenyl)amino]triphenylamine(m-MTDATA),

9e'L�, KXlmn$%� ���7®�(Tg)4 �	 TPD �¼C

Tg4 ½ 36oC �	 α-NPD= 9e'( ��� ¾d ¿K#, �L$

?, ��n$%� HTL wÀ$%ST }~| ��st% DPVBi, �	

| ��st% DCM24 ��6 Alq3, ��� {| ��st%� Alq3

= 9e'L0. ÁÂ ��s	 3Ã10−6 torr� ��XCQ �¦W�$?,

�¦��� ½ 1-2 Å/s$% �K'L0. �¦oÄ� KXUVn7 10 nm,

KXlmnF ��lmn7 50 nm, ��� ��n	 15 nm% �¦W�

0. 3R, N#'� wÅ Al : Li Z¸, 3Ã10−6 torrCQ ½ 150 nm

� oÄ% �¦'L0.

��Æ�C u
 ��Ç�= È°É� w'( �	| �� �§Ê&

DCM2= 5 wt%� 10 wt%� Æ�% �¦'( ËÌ'L� �'lm�

� 7�, �!'( YEZ [\, ��'� w'( �	| ��nF

{| ��n 97C α-NPD= �V'( &46 ��C u
 ��|G

� 7�, Í&'L0.

3. �� 	 
�

Fig. 1	 �#6 OLED ��� 5Î�70. Fig. 1(a), (b), (c)� ��

structure I, II, III, ÏÐÑ0. Structure IF II� �	| �� �§Ê&

DCM2� Æ�Ò7 ÓC� Ô	 ��% �#W�0. ��n� ÕQ�

KXlmn$%ST }~|, �	|, {|� ÕQ70. Structure III	

��n� ÕQ4 struture I, II� ÔpÖ �'lm�� 7�, �!'�

wÅQ �	| ��nF {| ��n 97C α-NPD= �V'L0. �

�n� oÄ� × 45 nm7?, structure III� ��C� α-NPD4 5 nm

� oÄ% �VWb �'lm�� 7�, �!'�Ø �#'L0.

Fig. 2� ��� ��6 OLED ��� &46 ��C u
 ^ÙÊÚ

70. Structure IF II� ½ 7 VCQ DCM24 ��6 Alq3 n$%ST

�	|� ��, ��'L0. 7D! 7�� ��nCQ� KXÉ0 �

�4 ½ 2ÛK� �
 ��% 7�'� fg70[12]. Ü ��4 ETL

%ST ��� KX	 HTL%ST ��C UVW�0£, r 4p ��

n PCQ PÝn& �	| ��n� ÞÀCQ, Ü HTL-ETL ß£$%

ST ½ 15 nm àb� áCQ ��7 ��W� fg70. Fig. 2(a)CQ

É(pâ7 &46 ��, 9 V% �4�.£ }~| ��7 �	| �

�F ã� Ô	 Ç�% ÏÐÏ� /3, ä l /0. 7D! 7�� &

46 ��7 �4�C uv ��nCQ G�d$% �
 7���= Ï

Ðå� ��4 KXlmn À$% 7�'( YEZ [\7 �	| �

�n$%ST }~| ��n$% Í�W�� fg7v� æ�60. �

Dç% r èé ��n� {| ��êG	 *ëì l4 í�0. &46

��, î ï �7» W£ YEZ [\7 }~| ��[\CQ 0� �

	| ��[\$% ð°4� }~| ��	 ê�@ ñb�� êG, É

L0. 7D! êG	 03F Ô7 o 4p 7�% ��ò l /0. ó

èé 7�� �	 ��CQ HTL-ETL �ßnC ôdWb /õ ��4

HTL [\$% 7��$%� ��C [¢, Up ö'� fg70. o

èé 7�%� HTL-ETL �ßnC ôdWb /õ ��4 Æ�4 �	

�	| ��n$% ÍaW�0� æ�ì l /0. �DÏ ÷p 7D!

7�Ö$% ��ì l� í0. 7è >�CQ 9e6 ��st PCQ

4� �	 ���7®�(½ 72oC)= ÏÐå� st7 DPVBi70. u

vQ 11 V 7G� �	 ��7 &4ò f æ�� ¾C �ÅQ DPVBi

4 ¾d øG, V» Wb �� ¡7 àbp� ù7v� æ�60. �

	| �� �§Ê& DCM2� Æ�= 10 wt%% �4�ú �� ^ÙÊ

Ú, Fig. 2(b)C ÏÐå�0. �ûCQ É� ü� Ô7 �§Ê� Æ�

Fig. 1. The schematic cross sections of fabricated OLED structures; (a)
structure (I), (b) structure (II), (c) structure (III).
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= 2Û% �4�ú EF 0
 �� [\� Ç�yI4 í7 �	| }

�(½ 650 nm) [\Ö7 o Û% �4'L3, *ë'L�, YEZ [

\� 7�êG	 structure IF Ô3, È l /�0. wCQ ýþÿâ7

structure IF II%Q� {| �� êG, *ëì l í�0. 7� ��n

CQ G�d$% �
 7���= 4p� /� ��% &! êG7v

æ�Wb Fig. 1(c)� Ô	 ��= N#'( ��� 7�, �!'�

ËÌ, 'L0. Fig. 2(c)CQ É� ü� Ô7 structure III� ���

structure I, II�� �� êG7 ½Ý 0�0. ½ 7 VCQ ��7 ��W

� ù	 structure IF Ò74 í$Ï ��[\7 structure ICQ� �	

|� ��7õ ùF� 0�» structure IIICQ� {|7 �� ��'

L0. &46 ��, 9 V% �4�.» W£, {|F �	|7 �Ä

��'L� ��, 11 V% �4�.£ {|F �	|� �� Ç�4

�4'£Q ½Ý� }~| ��êG7 *ëW� ��'L0. 7D!

êG, ��'� wÅQ structure IF IIIC �! HOMO-LUMO C

�p �w� K�, Fig. 3� (a)� (b)C ÏÐå�0. �ûCQ É�

ü� Ô7 α-NPD4 �VWp �	 Fig. 3(a)� ��C� ��� 7

�, �!ì l /� C�p ��7 í� fgC ��� 7�	 �Å

�p �� HTL À$% ��» 7�'» 60. uvQ {| ��nC

Q YEZ7 7�bp�4 �p �0. �DÏ Fig. 3(b)� Ô7 G�

d$% LUMO4 �	 α-NPD= �	| ��nF {| ��n 97

C �V'» W£ &46 ��7 �, ��C�, KX� 7�C 	'

( G�d$% ��� 7�7 �½, �° YEZ7 {| ��nCQ

-bÏ» W� ù70. �DÏ &46 ��, �7» W£ Ç! ��

�C �ÅQ C�p ��, 
, l /� ��;7 æ�» W? 7D

! ��C �ÅQ �	| [\CQ ��7 ��W� ù70. ��,

î ï �7» W£ G�d$% �
 ��;	 }~|F �	| �ß

n� C�p ��� 
, l /$? µ�å }~|�p ��'» W

� ù70.

Fig. 4(a)CQ É(pâ7, &46 ��7 y�C uv structure I�

CIE chromaticity coordinate� y'L0. ��7 �4�C uv �	|

, ��'04 }~|, ��'» W�, î ï �	 ��, &4'» W

£ 0� �	|, ��'» 60. 7� ÷p &46 ��C u
 YE

Z [\� 7�C �! ùÖ	 °
v� æ�W? Ë�% ��, 11 V

% &4'» W£ }~| ��n& DPVBi4 ¾d øG, �» W?,

13 V 7G$% ��, �7» W£ ï 7G ��'p ��0. Fig. 4(b)

� (a)� Ô	 êG$% ��ì l /$Ï ÷p �	| �§Ê& DCM2

� Æ�4 �'� fgC CIE �7 îï �	| ��[\ À$% x�

x� êG, *ëì l /0. Fig. 4(c)CQ� �	| ��nF {| �

�n 97C α-NPD= �V�$%� {| ��êG7 *ëW�� î

ï �	 ��, &4'» W£ YEZ [\7 }~|F �	| [\$

% 7�'� ù, ä l /�0.

Fig. 2. EL emission spectra with applied voltages; (a) structure (I), (b)
structure (I) and (II) at 11 V, (c) structure (I) and (III) at 11 V. 

Fig. 3. The estimated energy diagrams[13, 14]; (a) structure (I) and (II),
(b) structure (III).
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.,

C.:

i,
4. � �

� ËÌCQ� r 4p ��n, ��! ������= ��'L$

?, &46 ��, �4��C uv yI'� ��}�, �K'( Y

EZ [\7 7�60� ù, É(U�0. YEZ [\	 &46 ��

7 �4�C uv HTL-ETL �ßn À$% 7�'L04, 0� î ï

�	 ��7 &4W£ HTL-ETL �ßn$%ST 4�� }~| ��

nCQ �	| ��n$% 7�'� ù, *ë'L0. 7D! êG	

Ç! ���$% &'( ��4 HTL-ETL �ßn� C�p ��, T

��'ãÏ, �	| ��n$%� Ía q	 }~| ��n� ¾d ø

G$% ��ò l /0.

z! � ËÌCQ� �	| ��nF {| ��n 97C �'lm�

� 7�, �!ì l /� α-NPD= �V'( ��C� ��'p �õ

{|, ����$%� YEZ [\, ��ì l /3, É( U�0.
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