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IEHIEL (color conversion material, CCM) A& &, il 4% T 21 A A HLHLBUROGART (white organic light emitting
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#1145 = AL W ' FOLEDs, 4R J5 ¥ 2 L5 (6 55 34 %l 4-(dicyanomethylene)-2-tert-butyl-6-(1,1,7,7-tetramethyljulolidyl-
9-enyl)-4H- pyran (DCITB) 457, il YIRS R JE B CCM SRALAL (a3 1 R ea i, 3R18 T e s s A
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IR 6 V TFE 11V I, Z84F FEAARR AU (£ 0.02, & 0.02), FRILH & o fs e .
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PACS: 85.60.Bt, 85.60.Jb

A HLHL &R 2% (organic light emitting de-
vices, OLEDs) A\ =52 . s MM, RIhFE. &
B RO ORI L A R T ATz
Je B3l Hop (a5 HLR D 85 1 (white organic
light emitting devices, WOLEDs) [A L 7F 4 % {4 I
AN BT v T BN G Bl i T U S NIV
FHE 0, B 72 21 el HOR B AT st i s R
QI 2 —, 52 B A BR G s R S ) A O
7 =61 1l OLEDs fpt 4 5 ZE LA 2 — T 5B
FetbAk 81 DR, TR A e HLHE BUR o
PR B B2 . H AT, S5 WOLEDs - %2
FF Bk e J2 S by ), 22 2 iR #y D01 {8 3 e

70 =101 2 i SOF (0 3 3 o B8 (6 R AT
ML HL 3 R G #3444 (flexible organic light emitting de-
vices, FOLEDs) 5 4 ¥4 44 £} (color conversion
material, CCM) &5 SEBL GG, 75 L4651 1) 4%
b, R G A A BT R AR PR ' 23 FH Rk
K CCM 143 B 200, J6EUR 2000 A H 4% 1) 956 TR
5 £33 6. %% OLED #4142 0 % 7 i 12:7H)
% WOLEDs (1 4% Ly, H R OGHERE I U055 B 42 52 Wi
| WOLEDs 9% fA Pt fig 10171 P, I Y 2% 7 12
SEHL DG e R B s AR
i) W5 5% OLEDs, A< XA 2, 3, 5, 6-Tetrafluoro-7,
7, 8, 8-tetracyano-quinodimethane (F4-TCNQ) #1 4,4/,
4" -tris-(N-3-methylphenyl-N-phenylamino) tripheny-
lamine (m-MTDATA) 41 % ) £ & 1 B (multiple
quantum well, MQW) &5 ¥4E A FHIRGENJE, 4565

x [F R [ ARBIZEFE S (HEHES: 60906022, 60876046), KT FAREHEIE S (ikE 5 10JCYBICO1100) AR B2 22 MR & 3L 411K

I H @EHES: 2011ZD02) ¥ Bl 8.
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TS A kL N6, N6, N12, N12-tetrap-tolylchrysene-6,
12-diamine (NCA) il # % 2% [¥] i . FOLEDs, %X )5
gl B AN 5L B 1) 8 3 # #4 B) 4-(dicyanomethylene)-
2-tert-butyl-6-(1, 1, 7, 7-tetramethyljulolidyl-9-enyl)-
4H-pyran (DCITB) >k SE L (106 & 5. (0 5 b4
¥} DCITB HEf% & 7y 7 W oL e %, BoAT 1Kk
Ky 5k att, & H i dse o BEAR R 206 Gkl 2 —,
CLi) iz W 245 4% 8 OLEDs ™, 47 1R £ SCiik
I8 7 55T DCITB 1 L BUR G fig 1821, {Hx)
OB R A HE. L AR B, Yuan
SN 122) 4 DCITB 43 2R IR, 4R 5
e R 2] TTO B3 (7 1, A (e ik g 21 A
. WIS FATV R IAE PET ek 3k B4 &
27 R AL T VR A B IR 10 B 0 I T Y- B0, TR
P BEVR I3 VAT 2 ) (0 e B R AR X R RS . ANy
5], HAF ek PET JEBURE VR (56 6 SIS 2 45005 Mo
e ITO, IXFE M 2 KOS 25 11 1K RO PERE, BT A
ZITIEAE PET ZEPEREA 1 S0 B0 A 5 IF AN FILAR.,
FEASCH, JATTRHAT T 3023 AR 1) T 1K 2000
KL DCITB JURE TTO 2 PESEAR ) 5 18, T8 ik i
J BB I 8 e R (color conversion film, CCF).
UG 25 IR W] DCITB IR R4, o6 1 2 5,
H. 5155t FOLEDs 45 45 figfis Se B e (e R 1 1
RS

AR Sl T VR TR B A 1

Wi FOLEDs: Jots 1 B &5 1 11 =% &, B3
i T B 45 #) (single quantum well, SQW). X &
i 45 #4 (double quantum well, DQW) Fl = & ¥ [
25 (triplet quantum well, TQW) ) 8% £F. ik 4%
4 35 4] 2% 1€ TTO [fij HE B4 80 Q/sq ) PET 1k
MR b, IR 228 1K BKOEE. T NEEE
A5 10 min {5 YE ITO JEAR DL 2 B 2 T RORL S AT LK
4y. FOLEDs 45441 ras:

ITO/[F4-TCNQ(z nm)/m-MTDATA (y nm)],,
/NPB/NCA /Bphen/Cs;COg3/AlL

o, BHARE N JZ 1) 1 BF 45 0t AH BLAS 1) F4-
TCNQ HI m-MTDATA #4ji%. {i#+F F4&-TCNQ 1 m-
MTDATA [f] & J5 & AN 22, F4-TCNQ 1) J5 Ji 73 73
A x = 1.5 nm, 1.0 nm F 0.5 nm, 1% N ¥ m-
MTDATA ))& BE 43728 y = 30 nm, 15 nm £ 10 nm.
16 _E b B A7 19 #% 144 7, N, N’-bis (naphthalene-1-
yD)-N, N’-bis (phenyl)-benzidine (NPB), NCA Al 4,
7-diph-nenyl-1, 10-phenanthroline (BPhen) 43 il H
1E 7% 7XAL %y ]2 (hole transport layer, HTL), & )¢
)z (emitting layer, EML) I Hi -J- £ #jj )= (electron
transport layer, ETL). NPB, NCA Fl Bphen [{] 5 &
Ak} 10 nm, 20 nm A1 20 nm, CsoCO3 (1 nm)/Al
(160 nm) 1E 4 & 4B %, 758556 FOLEDs 1175 [
R B2 A 1R T R RN [ 5 ) € 5 4 i
$l DCITB (80 nm, 100 nm, 120 nm FI 150 nm), ¥
550 FOLEDs #H45 & LIRS FDOG RS B 1 4
JeREL NCA I Ak DCITB 14k 7 4k =X

DCJTB

1 NCA 71 DCITB HIML 2745058
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DL b JIT A7 45 J2 M 0 2 1 &5 g 422 9 25 9 A
TG VLU i 1TO Z2PE LR I, 2845 BE 45 b 4 1k
7 M. Braun 20G 45 1% 4& T E46 1 () BOC Ed-
wards Auto 500 B4 8% R 45, JF HAF 44 OLED
A R, I A AR RRLE 8.0x107° Pa
LR, %2 100 R 6 R JE g 2 08 ok A 0% O
PR Bl A% K WS ), Hoh FA-TCNQ F1 CsoCO3 221
2 I RBE # 0.05 nmi/s, HoAl A HLE K 0.1—
0.2 nm/s, Al %4 0.3 nm/s. 2% 44 () 25 - o Js-
HL YT % J& (brightness-voltage-current density, B-V-.J)
eV 2 28 1k = #5736tk PR650 5 ] i %
Hi - HL A 5 Keithley 2400 2H B 358 28 45 [ I i
31, DCITB (1) W3 F1 5 BOG 3 23 ) e Jd ik
FRAb-A] W £L AN 3 06 BE T Hitachi U-4100 F15¢
643 66 T Hitachi F-4500 K& 8. B4 1
I REAERL EIREE T 58 .

3 R

2 N ANE =T B H 18 5% FOLEDs 5%
JE-HLR-HL U B (B-V-J) Bk k. B PR, 18
FHIFE R SK B R, BT QW 4514 1) #5 (5 FOLEDs
e QW 4l S H &tk (n = 0)
. B, fEBK SN R D 10 VI, SQW, DQW
I TQW 281152 433 2 2301 ed/m2, 3447 cd/m?
M1 2539 cd/im?, MR A QW I 2% & fF I 55 B
J& 1443 cd/m?. JF H A2 958 T A 208 2,
KA R Ch 12 'V B 3 )% FOLEDs ik 2| i K 5%
J&¥ 9450 cd/m?.

10°} = n=0 { 500
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—~ v+ n=23 1400 g
5 S
> 1300 %
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g ~
" 1200 i
R i
1100 *&
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2 RIFEREFBEAN S0 3 % FOLEDs (K152 )% - fi Fe- HL i 25 B
ek 2

MIE 2 AR T DA 2 QW 231 Lb 2 % 4%
AR LU R i H R RN RO 2 ISR R

AR, AT HAT QW 45 I a1, 1 F4-
TCNQ 27 LA 5 ITO Al m-MTDATA J& %, 5 1 {5 4%
VEF (231, 2 WAl S5 AT ML 2 18] R 3422 BRAIK, b T
B0 7 N IR ECER, 0 SQW g8 4 1 F i 25 5 LE
S . bR T S AERAE 2 46, X DQW
a5, HHE ) F4-TCNQ 1R %5 55 f1 m-MTDATA JE
BT 45 2 08 124, B P N m-MTDATA (1) 55 5
97 ¥ b7 H #LIE (highest occupied molecular orbital,
HOMO) #XiT #| F4-TCNQ Mk & N 1 4> 751
18 (lowest unoccupied molecular orbital, LUMO), Beia
I % LA 4 B 2 5 ) F4-TCNQ™: m-MTDATA ™.
ZHAT R G YT 8 m-MTDATA 2 B i
A ARG n, AT Sk T A N 2 I LT R k)
T TQW %84, H1 T F4-TCNQ Hl m-MTDATA 2 |
(1) 7 T AP AR 2850 I AR 1 T 455 2% 25k 1, 5 B30 P L 5
Koo, R, BEE QW £ H BI3G N, ok 2 i SR
23 E N R By 250 BT UM B DQW 45 44 1)
Mt BA TQW (1) FOLEDs % 5 FT L 25 B # A
JITBEAR, @il 2 pros. L By R AT TrT 43 ZEPUFh
KM kA5, ETBEECE R 2 i), SRR
FROGIE RERAR.

B 3 AN [ 1 BN 250 WG 2 A A A -
HEL L 35 B R T . 70 A R 1R rE R 3 B, AR LG
i IR 45 14, DQW #5443k 15 T B & 1 5 B, Jir DAL
R L AR E N 1.96 mA/cm? B DQW #%
135 ) B KRR 5.0 cd/A, &% QW 231
) 1.97 £ (FEHLIR AL K 7.05 mA/em? JE F e K
TR IE 2.54 cd/A).
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H AR . B DCITB ] DA 155 2 NCA
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375 b 6 80 B ) T 4% W GV AT SE B BR A, AR
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I JE 55 FR0 384 in, 22 WOLEDSs )5 5 0K #i 7
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A 1R 8 FE s A L TR BAEAIG. A ) 1 LA 2% B2 T
S0P AR 03 2 A N R B AR, s A 1 R
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AT J6 A ] FA-TCNQ/m-MTDATA 4 % (1) 38 4
ey AR (BTN R R AN e - S A
Jt FOLED g fF. il ik it 159 2 & 7 BN 508 2 1
ARG BB B AR (BB RS2 LR 9450 ed/m?, f
KHERBE 5.0 cd/A). SR 5 ¥ H A T 25/ ) i
Jt FOLEDs 5 (8 #4541k DCITB 454 S0 Tt
e PR RS, SER g AR W 7R s i R

h 7V, (kR DCITB 5 ) 2 120 nm I 75
P AT OGS BE AU ELARBR (0.33, 0.27), H 4K
it 6 V IFE 11V I, 232 (0 AR bR AR 1k AN
H (£ 0.02, £ 0.02), KILH BP0 @ fa e vk AT
h I FH 8 e ) 2% s ke e ME M 22 4 WOLEDs
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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 N®, N, N'2, N'2_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
PACS: 85.60.Bt, 85.60.Jb
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