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�©|^Ú=��{, òp��7ÚR5kÅ>�u1ì� (flexible organic light emitting devices, FOLEDs) �
Ú=�á� (color conversion material, CCM) �(Ü, ��
R5xÚkÅ>�u1ì� (white organic light emitting

devices, WOLEDs). Äk|^ 2, 3, 5, 6-Tetrafluoro-7, 7, 8, 8-tetracyano-quinodimethane (F4-TCNQ) Ú 4, 4′, 4′′-tris-(N-

3-methylphenyl-N-phenylamino) tripheny-lamine (m-MTDATA) |¤�õþf² (multiple quantum well, MQW) (��
��Ç5\� (hole injection layer, HIL) (Ü#.71á� N6, N6, N12, N12-tetrap-tolylchrysene-6, 12-diamine (NCA)

��Ñp��71 FOLEDs, ,�òÙ�Ú=�á� 4-(dicyanomethylene)-2-tert-butyl-6-(1,1,7,7-tetramethyljulolidyl-

9-enyl)-4H- pyran (DCJTB) (Ü, ÏL�ÈØÓþÝ� CCM 5`zx1ì��u11Ì, ¼�
Ú½5�p�x
1. ¢�(JL²: 3°Ä>Ø� 7 V, DCJTB �þÝ� 120 nm �����Cx1�U:�Ú�I (0.33, 0.27), ��
°Ä>Ød 6 V ,� 11 V �, ì��Ú�ICz=� (± 0.02, ± 0.02), LyÑpÚ½5.

'�c: R5xÚkÅ>�u1ì�, Úç=�á�, Ú½5

PACS: 85.60.Bt, 85.60.Jb

1 Ú ó

kÅ>�u1ì� (organic light emitting de-

vices, OLEDs) ±Ùp�Ý!°À�!$õÑ!Ì
Äu19u1ôÚ´L�`:Úå
<��2�
'5 [1−3]. Ù¥xÚkÅu1ì� (white organic

light emitting devices, WOLEDs) ÏÙ3�çÚw
«!�¬�1Ú��ì²1��¡�ã�A
^då, �@�´ 21 V�äuÐcµ�pEâ
+���, É��¥w«Úì²��.�ÊH'
5 [4−6].  OLEDs ����`³��´�¢y
R5z [7,8]. Ï, mÐR5xÚkÅ>�u1ì
��ïÄäk�¿Â. 8c, ¢y WOLEDs Ì�
|^üu1�(� [9], õ�æÈ(� [10], Ú=�

{ [11−15] �. �Ø©|^Ú=�{ò7ÚR5k
Å>�u1ì� (flexible organic light emitting de-

vices, FOLEDs) �Úç=�á� (color conversion

material, CCM) (Ü¢yx1u�. 3d(��ì
�¥, >��71ì�¤u��71�Ü©^5-
u CCM ��ù1, 1��ù1ÚÙ{�71·
Ú���x1. 71 OLED ì�´Úç=�{�
� WOLEDs �Ø%, Ùu15U�`���K�
� WOLEDs ��N5U [16,17]. Ïd, |^T�{
¢yx1�Ä�¯K´����p�Ý!p�Ç
�71 OLEDs, �©K|^ 2, 3, 5, 6-Tetrafluoro-7,

7, 8, 8-tetracyano-quinodimethane (F4-TCNQ) Ú 4,4′,

4′′-tris-(N-3-methylphenyl-N-phenylamino) tripheny-

lamine (m-MTDATA) | ¤ � õ þ f ² (multiple

quantum well, MQW) (����45\�, (Ü#
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.71á� N6, N6, N12, N12-tetrap-tolylchrysene-6,

12-diamine (NCA) ��p��7Ú FOLEDs, ,�
(ÜØÓþÝ�Ú=�á� 4-(dicyanomethylene)-

2-tert-butyl-6-(1, 1, 7, 7-tetramethyljulolidyl-9-enyl)-

4H-pyran (DCJTB) 5 ¢ y x 1 u �. Ú = � á
� DCJTB U
u)©fS>Ö=£, äk�Å
��F1u�, ´8c��n��ù1/���,

®�2�A^��,. OLEDs ¥, ¿kéõ©z
��
'u DCJTB �>�u15U [18−21], �é
Ù1�u1A5�k��. ÏLNïuy, Yuan

�< [22] Qr DCJTB ©Ñ���ä�¥, ,�ò
Ù^æ� ITO Àæ��¡, |^Ú=�{��x
1. ÏL¢�·�uy3 PET R5Ä�þ|^ý
��Û�{���Ú=��L¡²w��, æ
^^æ�{���Ú=��L¡�éo÷!Øþ
!, �éR5 PET Ä�^æÚ=���´�ú9À
/ ITO, ù��¬��K�ì��u15U, ¤±
T�{3 PET R5Ä�þ¢yx1u�¿Øn�.

3�©¥, ·�æ^
ý�9�Û��{òù1á
� DCJTB �È3 ITO R5Ä���¡, /¤��
�þ�Ð�Ú=�� (color conversion film, CCF).

¢�(JL²: DCJTB �¤�5Ð, ��ó²{ü,

��71 FOLEDs (ÜU
¢ypÚ½5�x
1u�.

2 ¢ �

�©Äk��
o«ÄuØÓ�45\��

71 FOLEDs: Ãþf²(��ë�ì�, äkü
þf²(� (single quantum well, SQW)!Vþf
²(� (double quantum well, DQW) Únþf²
(� (triplet quantum well, TQW) �ì�. þãì
�þ��3 ITO ¡>{� 80 Ω/sq � PET R5
Ä�þ, �g^�lfY!ÃY¯U!ÉZU�
( 10 min �W ITO Ä�±�ØL¡�â9kÅ¤
©. FOLEDs �(�Xe¤«:

ITO/[F4-TCNQ(x nm)/m-MTDATA(y nm)]n

/NPB/NCA/Bphen/Cs2CO3/Al.

Ù¥, �45\��þf²(�d�p�O� F4-

TCNQ Ú m-MTDATA �¤. �± F4-TCNQ Ú m-

MTDATA � o þ Ý Ø C, F4-TCNQ � þ Ý © O
� x = 1.5 nm, 1.0 nm Ú 0.5 nm, ¤ é A � m-

MTDATA �þÝ©O� y = 30 nm, 15 nm Ú 10 nm.

3 þ ã ¤ k � ì � ¥, N, N′-bis (naphthalene-1-

yl)-N, N′-bis (phenyl)-benzidine (NPB), NCA Ú 4,

7-diph-nenyl-1, 10-phenanthroline (BPhen) © O ^
� � Ç D Ñ � (hole transport layer, HTL), u 1
� (emitting layer, EML) Ú > f D Ñ � (electron

transport layer, ETL). NPB, NCA Ú Bphen �þÝ
`z� 10 nm, 20 nm Ú 20 nm, Cs2CO3 (1 nm)/Al

(160 nm) ��EÜÒ4. 371 FOLEDs ��¡
|^ý�9�Û��{�ÈØÓþÝ�Ú=�á
� DCJTB (80 nm, 100 nm, 120 nm Ú 150 nm), òÙ
�71 FOLEDs �(Ü±¼�x1u�. ã 1 �7
1á� NCA ÚÚ=�á� DCJTB �zÆ(�ª.

ã 1 NCA Ú DCJTB �zÆ(�ª
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±þ¤k��´�âì�(�U^S�Û3
ýk�WÐ� ITO R5Ä�þ, �Û���8¤
u M. Braun 20G .ý5íNÃ@�¥� BOC Ed-

wards Auto 500 ý�9�ÛXÚ, ¿�3�� OLED

ì���L§¥, n¿ý�Ý�±3 8.0×10−5 Pa

±e. ����È�ÇÚþÝ´ÏL�=¬N
�Äì5iÿ�, Ù¥ F4-TCNQ Ú Cs2CO3 �À
���È�Ç� 0.05 nm/s, Ù¦kÅ�� 0.1—

0.2 nm/s, Al Ò4� 0.3 nm/s. ì���Ý->Ø-

>6�Ý (brightness-voltage-current density, B-V -J)

A5�´ÏL1Ì×£©1O PR650 ��?§
>Ø->6 Keithley 2400 |¤�ÿÁXÚÓ�ÿ
��. DCJTB �áÂ1ÌÚ1�1Ì©O´ÏL
b	-��-Cù	©11ÝO Hitachi U-4100 ÚF
1©11ÝO Hitachi F-4500 5ÿþ�. ¤k�ÿ
Áþ´3Àz¿�¸e�¤�.

3 (JÚ?Ø

ã 2 �ØÓþf²ê8�71 FOLEDs ��
Ý->Ø->6�Ý (B-V -J) A5�. Xã¤«, 3
�Ó�°Ä>Øe, äk QW (��7Ú FOLEDs

��Ý'vk QW (��ë�ì� (n = 0) �
p. ~ X, 3 ° Ä > Ø � 10 V �, SQW, DQW

Ú TQW ì���Ý©O´ 2301 cd/m2, 3447 cd/m2

Ú 2539 cd/m2,  v k QW � ë � ì � ��Ý
´ 1443 cd/m2. ¿�·����þf²�ê� 2,

° Ä > Ø � 12 V � 7 1 FOLEDs � � � ��
Ý 9450 cd/m2.

ã 2 ØÓþf²�ê�71 FOLEDs ��Ý->Ø->6�Ý
A5�

lã 2 ·���±��k QW ì�'ë�ì
��>6�Ýp��þf²�ê� 2 �ì��>

6�Ý��. éuäk QW (��ì�, ��� F4-

TCNQ ��±� ITO Ú m-MTDATA /¤.¡ó4
�^ [23], ¬¦>4�kÅ��m�³^ü$, ?
O\�Ç5\�êþ, � SQW ì��>6�Ý'
ë�ì��p. Ø
.¡ó4�^�	, éu DQW

ì�, ��� F4-TCNQ éN´Ú m-MTDATA /
¤.¡�,�A [24], >fl m-MTDATA ��p
©fÓk;� (highest occupied molecular orbital,

HOMO) �[� F4-TCNQ ��$�Ók©f;
� (lowest unoccupied molecular orbital, LUMO), ?
/¤>Ö=£EÜÔ F4-TCNQ−: m-MTDATA+.

T>Ö=£EÜÔ��3 m-MTDATA �gd>
Ö�O\, ?U?
�Ç5\��>�Ç. é
u TQW ì�, du F4-TCNQ Ú m-MTDATA �m
�.¡ó4�AÚ.¡�,�A��>6�Ý¬
O\. ,, �X QW ê8�O\, Lõ�.¡¬�
��Ç�5\ÚDÑ [25]. ¤±�' DQW (��
ì�, äk TQW � FOLEDs�ÝÚ>6�ÝÑk
¤ü$, Xã 2 ¤«. d±þ©Û·���: 3o«
a.�R5ì�¥, þf²ê8� 2 �, ì��>
�u15U�`.

ã 3 �ØÓþf²�ê�71ì�>6�Ç-

>6�ÝA5�. 3�Ó�>6�Ýe, �'Ù
¦�ì�, DQW ì�¼�
�p��Ý, ¤±Ù
�Ç�p. 3>6�Ý� 1.96 mA/cm2 � DQW ì
�����>6�Ç 5.0 cd/A, ´vk QW ì�
� 1.97 � (3>6�Ý� 7.05 mA/cm2 ����>
6�Ç´ 2.54 cd/A).

ã 3 ØÓþf²�ê�7Ú FOLEDs �>6�Ç->6�Ý
A5�

ÏL¦^ù«#.�þf²(����45
\�, FOLEDs ��Ç5\ÚDÑUå�±��
Jp, ?O\�ÇÚ>f�EÜVÇ, �ªJp
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R5ì���ÝÚ�Ç. �¢�(JL²: d F4-

TCNQ Ú m-MTDATA |¤�Vþf²(��7
1 FOLEDs äk�Z�u15U.

e¡·�Äu±þ�`�71 FOLEDs (Ü
Ú=�á� DCJTB 5��x1ì�.

ã 4 71 FOLEDs �8�z>�u11Ì, DCJTB �8�z
áÂ1ÌÚ1�u11Ì

ã 4 �71 FOLEDs �8�z>�u11
Ì, DCJTB �8�záÂ1ÌÚ1�u11Ì. l
1Ìã�±wÑ: Ú=�á� DCJTB 3 380 nm

� 580 nm �1Ì��Sk�r�áÂ, Ù�71
á� NCA �u�1Ì (u1¸ 476 nm) kéÐ�
U, L² DCJTB U
éÐ�áÂ71l-u
ÑÙ�y1Ì. = DCJTB �±áÂl71� NCA

¤u��Ü©71¦Ù�)u1¸� 640 nm �ù
1. Ïd, x1u�´ÏLÚ=�á� DCJTB á
Â NCA ¤u��Ü©71�=�Ñ1��ù1Ú
ßL=����{71·Ü¢y�. d	, 37
1�>�1Ìþ, ·��uy3 430 nm NCk�
��¸, ù´du�¤þf²(��2�Û�ÇD
Ñ� NPB ��¢��Û� NPB ��� 10 nm, ù
�¬���þ�>f5\� NPB ¥?��Ç(
ÜuÑ71, �Ù� NPB �u1¸.

ã 5 R5 WOLEDs ��Ý->Ø->6�ÝA5� (�ã�
R5 WOLEDs �>6�Ç->6�ÝA5�)

dã 5 R5 WOLEDs ��Ý->Ø->6�Ý
9>6�Ç->6�ÝA5���, �XÚ=�
�þÝ�O\, R5 WOLEDs ��ÝÚ�ÇÑ3
ü$, ù´du�XþÝ�O\, ¬k�õ�71
�Ú=��áÂ?~f
ÙßLÇ, ù���ì
���ÝÒ¬�A�ü$. 3�Ó�>6�Ýe,

�Ýü$K�Ç�¬�A�ü$. x1ì��u1
�Ý��Ç�'71ì�k���P~, ù�Ú=
�á� DCJTB �1�=��ÇØpké�'X,

� CCF /¤������, ��ì��N�ß1Ç
Øp. ~X, �Ú=�á� DCJTB �þÝ� 120 nm

�, R5 WOLEDs 3°Ä>Ø� 11 V ���Ý
� 870 cd/m2, >6�Ý3 2.15 mA/cm2 �¼���
>6�Ç 0.7 cd/A.

ã 6 ØÓ°Ä>ØeR5 WOLEDs �Ú�Iã (�ã�Ø
Ó DCJTB þÝx1ì��ì¡)

ã 6 �ØÓ°Ä>ØeR5 WOLEDs �Ú�
Iã. ¢�(JL²: 3°Ä>Ø� 7 V, DCJTB �
þÝ� 120 nm �����Cx1�U:�Ú�
I (0.33, 0.27), ��°Ä>Ød 6 V ,� 11 V �,

ì��Ú�ICz=� (± 0.02, ± 0.02), LyÑû
Ð�Ú½5. �,�Ø©���R5 WOLEDs

��ÝÚ�Ç�$, �´�Ø©y¢|^Ú=��
�{5¢yÚ½�R5 WOLEDs äk�15.

eòd71 FOLEDs ���p�� CCM ò¬k�
/JpR5 WOLEDs �u15U. ã 5 ¥��ã
´3°Ä>Ø� 7 V �, 371 FOLEDs �¡�Û
ØÓþÝ�Ú=�á� DCJTB ���x1ì¡.

4 ( Ø

nþ¤ã, �©Äg3 FOLEDs ¥|^Úç
=���{, ¼�Ú½5�p�R5 WOLEDs.
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·�Äk|^ F4-TCNQ/m-MTDATA |¤�#.
þf²(����45\���
p5U�7
1 FOLED ì�. ÏL`z��þf²�ê� 2 �
ì��1>5U�Z (���Ý� 9450 cd/m2, �
�>6�Ç 5.0 cd/A). ,�òäk�`(��7
1 FOLEDs �Ú=�á� DCJTB (Ü¢y
pÚ
½5�x1u�. ¢�(JL²: 3°Ä>Ø

� 7 V, Ú=�á� DCJTB �þÝ� 120 nm ��
���Cx1�U:�Ú�I (0.33, 0.27), ��°
Ä>Ød 6 V ,� 11 V �, ì��Ú�ICz=
� (± 0.02, ± 0.02), LyÑ�Ð�Ú½5. �ó�
�|^Ú=�{��pÚ½5�R5 WOLEDs

Jø
kd��ë�.
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Abstract

We demonstrate flexible white organic light-emitting diode (WOLED) with high color stability, which combines vacuum deposited

blue flexible organic light-emitting diode (FOLED) with red surface color conversion material (CCM). Firstly, we utilize the novel

multiple quantum well (MQW), which consists of the alternate layers of 2, 3, 5, 6-Tetrafluoro-7, 7, 8, 8-tetracyano-quinodimethane (F4-

TCNQ) and 4, 4′, 4′′-tris-(N-3-methylphenyl-N-phenylamino) tripheny-lamine (m-MTDATA) as hole injection layer (HIL), through

combining a new blue emitting material of N6, N6, N12, N12-tetrap-tolylchrysene-6, 12-diamine (NCA), to fabricate highly efficient

blue FOLED. Then, the CCM of 4-(dicyanomethylene)-2-tert-butyl-6-(1, 1, 7, 7-tetramethyljul-oli-dyl-9-en-yl)-4H-pyran (DCJTB) is

deposited on the outside of the ITO flexible substrate. Finally, the thickness of the color conversion film (CCF) is optimized to improve

the color purity of flexible WOLED. The results demonstrate that at a driving voltage of 7 V, the CIE coordinates of (0.33, 0.27) which

are very close to the white equal-energy area are obtained with the thickness of DCJTB of 120 nm. Moreover, the CIE coordinate

migrations of the flexible WOLED are less than (± 0.02, ± 0.02) in a wide range of driving voltages (from 6 V to 11 V) for the device,

indicating the flexible WOLED has excellent color stability.

Keywords: flexible white organic light-emitting devices, color conversion material, color stability
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* Project supported by the National Natural Science Foundation of China (Grant Nos. 60906022, 60876046), the Natural Science Foundation

of Tianjin, China (Grant No. 10JCYBJC01100), and the Scientific Developing Foundation of Tianjin Education Commission (Grant No.

2011ZD02).

† E-mail: wxm@mail.nankai.edu.cn

178502-6


