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Progress on Phenanthroimidazole Derivatives in
Blue-Emitting Materials
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Abstract The impending global energy crisis and inefficient energy utilization have driven the use of energy efficient devices
for display and lighting applications. Energy-efficient organic light emitting diodes (OLEDs) are considered to be the next
generation of smart displays, becoming one of the most competitive candidate for future energy-efficient lighting sources. The
molecular design of high-efficiency deep blue materials are greatly limited due to their inherent wide bandgap, poor carrier
charge balance and their low efficiency in the solid state. As a novel building block for blue-emitting materials, phenanthroim-
idazole (PI) group is attractive stems from their bipolar feature and excellent fluorescence efficiency, which has aroused strong
interest of researchers. Molecular design and photophysical properties of phenanthroimidazole-based deep blue-emitting mate-
rials are of great significance. In this review, an overview of the recent studies on Pl-based blue emitters for applications in
organic light-emitting diodes (OLEDs) is presented. The luminescence mechanism, design and latest developments of the elec-
troluminescent devices fabricated from phenanthroimidazole derivatives are described, and their prospects in the future of
full-color display and solid-state lighting are forecasted.

Keywords phenanthroimidazole; blue emitter; organic electroluminesence; organic light-emitting diodes

HHLHEUK G % (Organic  Light-Emitting Di- B R0 R R B AT A T R A R R S A i e,
odes, OLEDs)H T HizM# M EE 5H &, S aE. OLED J& T#EH M FIIENTL RS E, KA N 7
RTHFE VIR [y 97 5 5 K v M SR S R L, TR PR ANFEEIZRIERSN T, HE - ATES 73 950 B BE BRRT H B N

* Corresponding authors. E-mail: smji@gdut.edu.cn; organicteacherhuo@126.com
Received July 3, 2018; revised September 20, 2018; published online October 19, 2018.
Project supported by the Natural Science Foundation of Guangdong Province (No. 2017A030310039), the National Natural Science Foundation of China (No.
61671162), the Science and Technology Planning Project of Guangdong Province (No. 2016A010103031), the Key Project of Educational Commission of
Guangdong Province (No. 2017KZDXMO025), the Science and Technology Planning Project of Guangdong Province (No. 201707010243), and the Guangdong
Youth Pearl River Scholar (2016).
IR FAREFE IS (No. 2017A030310039) 5K HAREFFAIE G (No. 61671162). [ HEARHLHHRI(No. 2016A010103031) [~ ZEKAHE TR/ &
KI5 H (No. 2017KZDXMO025) AT BRI B (No. 201707010243) |~ 7R 44 T 4R BRI 4434 (2016) % Bh I H

Chin. J. Org. Chem. 2019, 39, 679~696

! ©2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 679



BIKE

FEHE T BN U Z, FHEAYIOEPE
A RBT, B R KT [A] B3E A IR R P AT
AN, AR R BB A RO FH LA GO O (red,
green and blue, RGB) =F 3 A, HEZ 5 46H
BHOR R RIF, BT REHOtB et R, 52
RRINR T L. SGOCRATF RN, - AR ar . R
1% P 2 LAVC T i s Ak r B . AR 4 B B 25 01 2
(Commission Internationale del Eclairage, CIE)& A ff]44
PrbrdfE: 58 E AL 51 23(US National Television Sys-
tems Committee, NTSC)XAR#E#E YA KL CIE ALbriE
SESUN x+y<<0.30, IREEEH BN CIE kbR »<<0.08";
Wi )~ 36 % B (European Broadcasting Union, EBU)M &
TR YEATRT) CIE AkFr y<0.06%%). /£y OLED $i R #%
ORIRIEA R, BT EEA L SR R AR R 5 I E,
>3.0 eV), HH TRER S S AARRERILRC IR,
Wi 7 BRI T A BEE N, BT DA AR B R A
e R BT R BADARARNE. MHEETH A &
¥ ve Ak s, T DOE I RE R B A o Hopb e UM R
I, SEm AR RO RERCN 24 T OLED KR E
LTS, BAERDREEMFE IR 2% OLED K
2141

H RIS 108 bR} 32 B S 0 wel
2N D L RO RIS e S TG AT AE .
I JUEEK, 3E KM (Phenanthroimidazole, PT)H T 4%
A MEBDCEUROCREER, muOtE TR, MR
SR BRI T N R RE 412, R TS i s R e
PER2) 0 b A TV AT B (— i), Ay B PR Al g%
G GRS T AR A, AR S RGP R A 5T S R
F_EAEE T, BN KRBT T AR e 1 g i,

1 FEHPRM R EEHHER HITE Y& R

FE R A — b S RIS I (Fon s 3 K
JEILBE R TCA ), BEAS PI 2544 2 I WP~ T LB 4
o, GAT07 WA R AL, AT RS R,
FEMBOR AP i S HU AR, K7 5 IR R, mT
LA /b 1 AR AR S RAT 1Y BE R R TR PR A e
SRR, FREE T AR E T

Ak, BRIEFR b N1 A1 N3 PSRN R B U T,
— SRR TR N TR, = SRR T A
WE_ b EUR AR, ol h AP, R 4 R A A5 T
IR M P A B At BT OO (1 1), (AP
PR Fishinge 1", A i T REAKIREN HLUE B R 6
JERIB T TERX, WIS B AR 5 L7 R K RCR IR B
(R PN L BRI IA ) A R X R ES M BT T 5 1
B 5 Ty Sk AN R B, B IR 4 T

680 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

fRALEE 1 AR fRe S AL T AR SRR D BRI 2 Ab,
WK P ] A B A 9 i AR O U RT LUE i R B RS 58
AR IR, (BTG 2R om0 Ae g F. 365
WK LA RT DAL T AR R . B TR . R0t
JESEA P EUROE AU

I\
bipolar system

N
H
2 pyrole
2N
3N” °NH
Acceptor \ 1
H
! (A
6 7 8 9

Electron transport

Bl 1 JEFFIRE I AR 1 45 44
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R 1 TAEEB O BUE EAREREEARS 2 U OSBRI K (e ) ZOGET 7 (PLQY) IR A SR S K
M (E,) F % 8k1E A 2%, HOMO figd i L AR 2, LUMO B E, Fl HOMO REZEH E(C V)~ JE BlIHLE (Von)~ HLIRLER(CE)-
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Table 1 PL peak (4p) in solution or in neat film, photoluminescence quantum yield (PLQY), measured by the onset absorption wave-
length of solution state (£,), HOMO determined from the onset of oxidation potentials with ferrocene as reference; LUMO determined
from E, and HOMO level (CV); onset voltage (V,,), current efficience, power efficiency, EL peak (Ag) and full width at half maxima
(FWHM), maximum EQE, CIE for based blue emitters and OLEDs

Compd. Jp/nm PLQY/% E, cv Voo/V CE/(cd*A™") PE/(Im*W ") g (FWHM)nm EQE/% CIE  Ref
1 438/440 90/90 3.0 —522/—227 — 5.66 6.13 434 (60) 502 (0.15,0.11) [24]
2 480/460 7.8/13  — — — — — — 2.20 — [42]
3 451/445  79/40 < — — — 10.5 5.5 — 780  (0.16,0.16) [43]
4 4421436 — 29 —526/—236 2.80  2.63 2.53 448 (71) 3.08  (0.15,0.09) [23]
5 424/448  82/63 3.1 —526/—2.16 252  3.60 3.66 448 (70) 456  (0.15,0.08) [44]
6  483/469 94/72 29 —525/—235 2.15 10.9 10.5 471 (80) 564 (0.17,0.29) [44]
7 428/414 85.2/642 3.0 —533/—229 3.00  1.70 1.44 435 (60) 338 (0.154,0.063) [45]
8  428/450 ~100/90.5 3.2 —5.50/—2.44 3.10  5.00 5.15 448 (61) 5.95  (0.157,0.084) [45]
9 425/433 ~100/96.8 3.1 —5.54/—2.40 320 3.9 2.80 436 (62) 5.09 (0.157,0.074) [45]
10 448/440 81.7/668 3.0 —527/—227 3.00  4.40 4.60 440 (59) 720 (0.150, 0.063) [46]
11 443/449 81.2/680 3.0 —532/—2.30 3.00  3.98 3.88 448 (61) 6.33  (0.151,0.066) [46]
12 435/444 94.2/79.5 32 —548—230 3.00  3.03 2.98 440 (93) 430  (0.15,0.08) [47]
13 420/438 87.3/742 32 —557/—235 320 282 2.72 436 (88) 450  (0.15,0.07) [47]
14 415427 —/52 3.0 —556/—2.50 320 157 1.34 444 (65) 237 (0.153,0.074) [48]
15 428/444 —/69 3.0 —552/—2.54 330  3.73 2.72 448 (65) 520  (0.152,0.080) [48]
16 432/428 —/95 3.0 —552/—2.52 320 423 3.40 448 (64) 575 (0.153,0.082) [48]
17 450/448  14/9 33 —586/—2.61 — — — — — — [39]
18 429/443 7220 33  —5.72/—2.52 340  3.82 2.86 440 () 5.80  (0.150, 0.080) [39]
19 443/457 86/88 3.1 —547/—236 2.80 637 6.37 444 (62) 6.67 (0.152,0.095) [49]
20 420442 93/85 3.0 —5.54/—251 290 271 2.73 436 (65) 5.08 (0.156,0.061) [49]
21 420434 91/80 2.9 —531/—246 290  2.94 2.64 440 (63) 447 (0.157,0.071) [49]
22 426/474  93/50 32 —5.50/—228 290  3.96 2.59 440 (70) 495  (0.150,0.092) [50]
23 416/436  77/43 32 —557/—234 330 246 1.20 460 (62) 421 (0.152,0.057) [50]
24 417/433  82/47 32 —558/—243 3.0 270 — 436 (60) 4.60 (0.154,0.058) [50]
25 411/425 77/82 34 —5.62/—221 380 051 — 412 (65) 243 (0.160, 0.035) [57]
26 445446 90/57 3.0 —5.52/—252 320  5.88 — 448 (78) 511 (0.154,0.141) [57]
27 456/461 41/34 3.0 —5.62/—2.64 350  3.43 — 460 (83) 229 (0.164,0.185) [57]
28 442/464 62/50 2.8 —5.55/—2.78 3.00  13.16 — 470 (80) 9.44  (0.14,0.19) [60]
29 —/532  —/13 2.9 —473/—221 290  65.90 68.98 528 (100) 20.5 — [66]
30 —/531  —/99 2.8 —473/—222 290  67.18 68.11 528 (98) 21.1 — [66]
31 458/477  60/30 —53/—24 430 — — 521 (150) —  (0.38,0.49) [70]
32 4451459 6531 3.5 — 6.50 0.9 — 491 (100) — (0.193,0.362) [72]
33 445462 64/30 3.5 — 850  0.19 — 503 (80) — (0211, 0.386) [72]
34 453/463  64/36 3.5 — 580 038 — 480 (91) — (0.191, 0.309) [72]
35 450/458  65/35 3.5 — 8.70 0.2 — 484 (93) —  (0.181,0.270) [72]
36 — — — — 700 0.03 — 485 (85) —  (0.183,0.258) [73]
37 — — — — — — — — — — [73]
38 — — — — 620  0.05 — 459 (88) —  (0.166,0.173) [73]
39 — — — — — — — — — — [73]
40 — — — — 4.00 — — 480 (98) 400 (0.199,0.332) [79]
41 — — — — 4.50 — — 483 (98) 220 (0.212,0.372) [79]
42 — — — — 4.00 — — 482 (98) 340 (0.215,0.313) [79]
43 413)— 1.6/— 2.6 —5.12/—3.48 4.00 — — 490 (104) 2.80  (0.21,0.36) [80]
44  413)— 05— 2.8 —536/—3.54 4.00 — — 476 (98) 400  (0.19,0.28) [80]
45  466/458 87.9/953 3.1 —587/—2.76 295 428 3.94 460 (60) 3.03  (0.156,0.166) [83]
46  463/457 71.1/81.1 3.0 —5.89/—2.81 3.10  3.56 2.35 456 (59) 2.80 (0.154,0.154) [83]
47 452/457 96/83 3.1 —5.50/—2.40 3.00 622 5.89 460 (55) 472 (0.15,0.16) [91]
48 427/438  90/79 3.0 —5.52/—240 280  4.14 435 440 (56) 515 (0.15,0.09) [91]
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Compd. Jp/nm PLQY/% E, cv Vou/V CE/(cd*A™") PE/(Im*W ") g (FWHM)nm EQE/% CIE  Ref
49  436/— 95/84 3.1 —59/—28 2.9 476 4.68 436 (60) 570 (0.15,0.10)  [92]
50  436/— 89/73 3.1 —58/—27 2.9 3.40 3.06 448 (68) 420 (0.15,0.09)  [92]
51  418/433 63/49.6 32 —530/—2.10 2.7 1.28 1.12 414 (68) 274 (0.15,0.05)  [93]
52 391396 —15 33 —5.62/—235 34 0.65 0.58 420 (65) 0.96 (0.163,0.076) [94]
53 409/420 —/43 3.1 —5.52/—240 32 0.50 0.45 420 (50) 145 (0.162,0.043) [94]
54 416/432  —/61 3.0 —5.49/—243 2.8 2.17 2.27 428 (60) 1.98  (0.161,0.063) [94]
55 405/412  —/31 3.1 —555/—239 3.8 0.10 0.55 420 (100) 0.83  (0.184,0.116) [94]
56 405/412 —/72 32 —554/—238 3.1 1.62 1.57 428 (74) 372 (0.158,0.050) [94]
57 429/456  —/69 3.0 —5.53/—2.56 2.6 5.92 4.97 448 (90) 339 (0.200,0.221) [94]
58 437/468 —/93 3.0 —550/—2.54 2.5 8.18 8.46 460 (85) 569 (0.157,0.177) [94]
59 421/468 93/85 3.6 —5.47/—229 35 6.87 6.20 468 (75) 34 (0.16,021)  [32]
60  417/451  72/60 3.0 —537/—2.30 42 1.52 0.66 452 (86) 0.6 (0.30,039) [32]
61  411/434 92/57 3.1 —5.48—233 45 0.68 — 440 (97) —  (0.16,0.10)  [96]
62 368402 5535 33 —548/—2.18 45 0.45 — 440 (94) —  (0.16,0.11)  [96]
63 389397 6827 34 —551/—2.12 35 0.95 0.93 440 (82) 236 (0.156,0.050) [97]
64  393/429 40/13 32 —5.63/—248 4.0 0,89 0.66 447 (80) 117 (0.150,0.080) [97]
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FeAb P, B S ISORAS, TR < CT”
WTE, SECAT DA AR RO 1 e ) R ) B R R, =
LB Tn (COERBRLE S, (CT), FHE N

% N
aVats
N

o
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ZRARBRRES S, . XM B EUROLSAIL
NI, BB BRI E AR 10.5 cdA™
HWRAIMETEN 7.8%, LLIGEF 100% 03+ F H %
BoREA HLCT 2150 T H B EUR OB a 1 1 s e,
BT 3 FEFERRMEAE A N1 A7 B RFR I R e
AT 3, BRI T 4P DA S5
SF, DIHARICEIBS AR N 0.65 cdA™", H
PFREN 0.68 ImeW ' | HKAIMETHE EQE A
1.37%, CIE A£¥55(0.15, 0.05). 2016 4, Tong 27 4
S THIZERE B, 2y BILE C6 F1 CO S A1 5| NIEMEEFHMA
[ (14 05 75 B Be A, & RO AN B R IR A - B e R B U
RAEW T 5 6. LABIANr T M50 OLED #4F4514
ITO/NPB (70 nm)/TCTA (5 nm)/5 5%, 6 (30 nm)/TPBi (40
nm)/LiF (1 nm)/Al (150 nm), L5 HEIEERIES
L2804 CIE 2845 (0.15, 0.08), fix K&ME T 773 EQE N
4.56%, BLIRAEN 3.60 cd A, HIFIZE AN 3.66 Ime
W, BRIEDIAE, BL 6 ARSI BRI 2R 1 2 2 B
BAFHIRIE 2R, BAIHEEACN 2.15 eV, HHAMET

CL &

Ly~
J

O
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FERRIBE] T 5.64%. PSSR AR I A AR 58 I SRR I,
BT Rk A - Wt e B WO S AF e, ST
FIFH S AIER T 36.2% 5% 39.2%. WEH T C6 A1 C9 =
AL EFEFIEE T DS/ AR LE &1 4 H#h
HLCT 2, KOs T FI 2 K 231 Re.

N T ik E] HLCT #& B9 (440 nm 7o 40) K5, it
AR B2 A4 (1) 328 B 75 B3 e 4 FE T RO FE R D & S
T, A BEFI A CT &M LE 4. 2017 4F, Tong 251+
RIE T — RF CLFE TR PR RN B ) D-n-A S544
R EE 7~9, FDASETEIRIME A 550 FL 18R (41, o
N IR AL, R T R R IR N R G s I [ 0 2 I S
ghy, AT LASEIL R SO s R TR, A AR n
SLEOM G, W HAE RS PR, 2R AN ZE d
g NAE 8 F1 9 #ka e YEAE m (I il B2 T,=480 F
510 C), AP EAE KB FEMEERERZEERMA,
f#£3 9 [1) LUMO ReZK Lt 8 HEAR(—2.40 F1—2.44 V), [F]
I FEPR A 253 T A 3G K S BOL e, AR TR
R, T REAEEE R 3 S 594 B Re ), 515 8
9 ANET 7 B LE BURA, HMim CT &, {815 H 77
R 5, 32 H HLCT ASRPER, IF #-5 o 3%
M5 N FIF HLCT SMHE. D=0 T R8s
(1) OLED #BEEHHE W 5 R4, FFB/m AR EUR
PEBE, ITO/NPB (70 nm 7 5 8, 50 nm 9)/TCTA (5 nm)/8 5§
9 (30 nm)/TPBi (30 nm)/LiF (1 nm)/Al (100 nm), 7£ 1000
cdem 2 [J CIE 24543 5%1°5(0.154, 0.063), (0.157,

O js
‘O

S oo
OO 0800
oL O

N\ 0800
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0.084), (0.157, 0.074), H KIME T ZE S HTE 3.38%,
5.95%F 5.05%7% 4. fHA—HEMZLL 8 NAILER 20
wt%i5 24 8544 ITO/NPB (70 nm)/TCTA (5 nm)/CBP+8
(30 nm)/TPBi (30 nm)/LiF (1 nm)/Al (100 nm). CIE A¥5
H(0.153, 0.059)F HLHHH (6.96 £ 0.08)% I KA &5
R, AE 1000 cdem  FIFEEE N AUANE TRRDRE
(6.56£0.11)%, T H CIE,/3/NT 0.08 (NTSC #5ifE), &
I T HRE 1) CIE, /T 0.08 {1 f% i EQE ##4F.

2017 4, Tong HRHZH MO IL 7F JEF- KM C2 AT N1
LB b g N 2 /AL i e 0 1 0 ik i AR ik = 2R i
MZER G g i F A, BRI 1 A 2 D Re SR
PE 7 B - FE IR IE AR 10 F0 11, T R GIER)
P T B8 S B CT 28 M LE 25 REZMIVT AL, [ 455X w54
TR CT MR EMLE SRS RS Ik, PmAETH
A 47 HLCT PER UK RS, TESCHL s I e e =1
PR IR (10 24 66.8%, 11 4 68.0%), FHARS A £F (1)
BB RIHRIER] T 66.8%M1 68.0%, izt ft
BRI T 25% M RS TRIHZ. BAEH R 220
BT RIZPUE AT LLE H, 10 1 HOMO F LUMO fig
PiN—527 F1—2.27 eV, 11 H—5.32 F1—2.30 eV, £n
TERRICIZNF, A E NEE 22 0] LA AT, HFH A
AAE NI REM BL R E + 25 AL 2 ) I rT fe . LA
10 A1 11 M3EB 4488 4F 1 OLED kG2, Hasth4sn

Q.0
L)

)
:N@

O
O
f ‘0

N

£)
Koo
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ITO/HATCN (5 nm)/NPB (60 nm)/TCTA (5 nm)/10 5§, 11
(20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm), 11110
NEIZ I ZEERIH 7.20% K KAMNE T =%, i
TR IR N 4.40 cdsA™" 1 4.60 ImeW ™ ';
PL 11 R OEZ B 88 0t B0 A R B SR e PR
EQE, CE #l PE 23514 6.33%, 3.98 cd*A ~' #13.88 Ime
W Tl A 18105 cdem ? MU KELE. WS BAEAE
1000 cdem * fIZEFE AR FEANEE 1 EQE (6.30%A1
6.32%), RILH /DI FIRE. L8448 1T0/
MoO; (3 nm)/10 ¢ 11 (20 nm)/TPBi (30 nm)/LiF (1
nm)/Al (100 nm), Bl 10 F1 11 [FIRHE R 24 1) K62 A
TR AL R, AR R B A HE 1 B KA TR
4.69%F1 4.10%, Ff HIH A AR (0.15, 0.06), 2
NTSC XA HIHE.

2017 4, Tong S UKW HL 756 = HUFF L5
FEIERRMER N1 547, B T I T8 he 11 &
BN CT &5, FAE NN C—H--F BT LA
AR R RS Re 71, [EIRE, T Rk 0 EEFEIK
M I SRR T KIS, A TR FH — A
FEFEORPR SRR, [FIR oo %R 7 (2 B A N1
B LU HI LK B, i B H i 1 450 & =3
F L 2 I SZ PR, 201 12 M2 13 [ 25 o H i
ZI#%(9 A1 18 nm), HHFEEZETFEH 750N 79.5%
M 742%. 12} 13 BN T RIAEB B RIEZE
ITO/NPB (70 nm)/TCTA (5 nm)/12 E¢ 13 (20 nm)/TPBi(40
nm)/LiF (0.8 nm)/Al (80 nm), #FZIH bRvE IR I & 5T
H: CIE #8570 5175(0.15, 0.08)F1(0.15, 0.07), 3 H.3k5
43%K 4.5%MERAME T =%, mT a0 R 1%
P S RO RIS AR, ST R R 5

Eﬁ e
CLoO—~0—1
() ST

F

S %
/ N
("
13
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WA T 27.0% K 30.3%.

2018 4, Lee 25U £ 755K 1,2,3,4-tetra-
phenylnaphthalene (TNa)5| NVRWE K F A EH#E, TNa
B — N2k S B DU A U R 2RI AL R, B IR K
0, HEETHEAEH TNa 9 FRrZksiE HoMo M
LUMO 43 I —5.54 F1—1.11 €V, H1 TNa FIFE - BRME )
ghéy, WML T H M ILEIK R, R A R = A
BOREHST 14~16, =D TEREI H A A 4
faEME R R ' T =%, @il % EiZ K(TD-
DFT)— AL, ] TNa £ =0 FHHEER
T, = AN TR #OA R (R b, IF
HER RIS, B PR Re ] AT
FaRAEwmERE, L 16 NECEMIES I 81+
ITO/NPB (70 nm)/TCTA (5 nm)/16 (25 nm)/TPBi (40
nm)/LiF (1 nm)/Al (150 nm)Z I H ALk i B 350Kk e PERE,
RS 5.78% M KAMNE T RFE & CIE A445°8(0.152,
0.085) TR ta i 5. BRILLASE, DL 30 wi%iB %1 14 4
RICZ W2 Bon H CIE A8458(0.156, 0.043) 4815 (4
RS, FEZLEES 1000 cdem 2 WHTSRIAE 2.52%01 EQE.

B
J O

31034y
5 15 O

Iy 2%
A\
b OO
16
Liu ZPVg b4 i T WAL Tt mHeme . 2R IR
E R EA D-A EHINEORESF 17118, BT
ELG i 7Y 45 4 GRIE S5 AR AR ) ZR I8 - 26 ) M PR AT

M2 AR BE 3 N (3.64 A), R HSIHIAFAT
FEIFRMERE R — e R B E S, HRh Tk
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e T 2 AR FE TR 2 [ LR FE I RE K (4.32 A), 18 b
17 BAEERRSHA . S PLQY FHUF H#ivga
E M. BT 18 MAEB R E ITOMoO; (2
nm)/TCTA:MoO; (20 wt%, 40 nm)/TCTA (10 nm)/18 (20
nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm)7E &~iR#E K
5, CIE AA45(0.15, 0.08)JE #1r NTSC Frifk 1) [F]i. I
EQE i KMEN 4.71%, i H 7R H A 24/ 1) 3505 5 1%
(£ 1000 cdem ' E[RILLFBET 3.2%). @it it —Sktb
T =N E [ TCTA:MoO; (20 wt%, 40 nm)/TCTA
(10 nm)#e A TCTA:MoO; (20 wt%, 20 nm)/ TCTA (40
nm)], ZIEB IR T IRTE 5.80% 1) EQE fH AH.

CN

g
ol

SR
NN

2018 4, Lee 25" @ ik E JEFFRKMEA N1 {7 B F 5]
A—"MEA n-type FIHUEE TPPO (triphenyl-phosphine),
BT TPPO 7= B4 sk i) L1 NI L TR ie 71,
SRR T AR A B AR AR R 2 —. (242
HTHA S TRARE TR 2 S8y FaaiEr
e, AP JEF FIBIEWMBIA T RE 2 S EUR L E T
PR TR, FHARAEH T HEE SRR . Lee
SERIFH ARV, BB N1 A28 E, e AEEIEmkms
Z A RN - B A, SRR i A S5 R T L
FEAT N T N AT RIS, R T IR S S
FIFEFERkPERT C2 BURIEMZER] b, W58 T 4> T T
fEARE 7). did C2 AL E B AARF RIS TR, 53
—ANREE R ) 19 FOPB NS AP RS 20 A1 21, B2 T
20 A1 21 EB 2% 884% ITO/NPB (65 nm)/TCTA(5 nm)/20
8¢ 21 (25 nm)/TPBi (30 nm)/LiF (1 nm)/Al (120 nm)f]
EQE oy 71 LLIZF] 5.08%F1 4.42%, 'E 4111 CIE AEA5 705
9(0.156, 0.061)H1(0.157, 0.071), 44145 4<7E CBP I,
7 AR R ) Ah 2 80% R R (20 1) CIE, =
0.050, 21 [¥] CIE,=0.044). T 19 [JHEB L2 BoR th
A R RE, EQEmy=6.69%, CIE 4(0.152, 0.095),
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LN EM RS 2 7 B At R OLED 2344,
ITO/NPB (65 nm)/TCTA (5 nm)/19 (10 nm)/19: %14 (5
wt% 15 nm)/TPBi (30 nm)/LiF (1 nm)/Al (120 nm)#3 %]
K EQE A 203%[M A% OLED, HAE5EEA 1000
cdem I B HLEARZEE 3.2 V. RIS 19 52— AN A 30
WrEREL, BL ITO/MoO; (3 nm)/19 (70 nm)/19: Z44K(5
wt%, 50 nm)/LiF (1 nm)/Al (120 nm)N#${475 %] EQE,
CE F1 PE 4354 12.9%, 36.1 cd*A ™' F130.5 ImeW .

Ay oo

Q@ O

21

2018 4F, Zhang SFPOML 0| WE AR ke 25
FEFERKPRAE N eh 1A, WIRIRAE 320k, it fE 52k 2
[ PR A b i N Y 6 A S I K e 5 g g e 2 (1] £ H
HORRRE MU E, Wit & 7 =AM 1 22~24.
EH PG| R 8 1) U 2 AL R 45 4, SEB v 1R O B 17
I HIH B B IF5 AL fnae /1, T LM EE AR 28
RNE BB GRS RRM, it 5] N H &R
FLAT B AT DA S 1% W A% (R S R 38nm), (HJE HH
T A 2 S EEOR 7 RE I . E RS E
WA RITHE, X =N TR R I A - F far e 72
RASWEEE. Pl 22~24 =AM FRRIGCIZHF RIS,
ITO/MoOs (1 nm)/TAPC (70 nm)/TCTA (7 nm)/22~24
(20 nm)/TPBi (40 nm)/LiF (0.8 nm)/Al (80 nm)5ZHi
(0.150, 0.092), (0.152, 0.057), (0.154, 0.058) [ ffu 2k, W]

http://sioc-journal.cn/ 687
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PLIEE] 17100, 9163 A1 9165 cdem? fI % K2:FE, EQE 7
AN 4.95%, 4.51%F1 4.60%. ¥ K I6)Z SN CBP/40 wit%
22, HAWAE RS 14350 cdom ™2, £ 6.01 (I4MET3L
E.EHARE, A RS RS R M SNE T~
R LG E AR, R T 22 Rt
{E 14350 cdem > [ I L R SR IIAT HE i 6% (%)
AhEF R, IXAEIRIE RO RO B FABE 1R Ok
PR R A2 DL

L.

Lo~ O—=C)—h
N N

@ <

22

®

:

2.2 EHTF TTA RIEAY D--A BUSEHBRMGTE 4

P = H A= E A K 34 (Triplet-Triplet An-
nihilation, TTA)M J5 3t B A & g 1556 OLED #3441 —
Ryt 7, TTA IR DL EEL R —EE
(103 Al J8 VR 2K A — A B S T S R (] B 3
A, R — NIRRT B B RS 1T, Bt
L REBE B B RN N E TR R 62.5% (25%137.5%), T
WAL T ARG e R IE 25% BRI, KK R T
Hor TP BT RCRD T i LR T LU
SEANBT R, TR L A T I AR R,
SHGEH TTA EBEW 0 TR s R E T
SR AT DU e B 72 R P4 R, SRR (3
TAERAE AR IR B R 204 BB e A1 Rl B3 S IS 1k
LEIR T CERAF 5 T 90 B 4 1 e all 5 % B G i A R
fe. HEHTHMER, TTA 2 TIHETHE FEBLE T
PATRL AR, T ERAS BE U ( 38 4 1k fe 10),

23

688 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

H TTA 12 FH7E OLED 834 LUK, Y2 RBHt TAE & ¥
SRR H e 1R 2 R IR A n T f e I
BN =R R R SRR RER Z MK R 2Er > Es) ,
i LR AT 25 S imat TTA SRR o B T

2017 4E, Lu Z51E SEFEmkme €2 B3 51N F5 %
BUARIEZE LB, 1930 3 AN FEIERKMEAT A4 25~27, LA
WINFAERAN BRI TTA LRI, A
EBSHF M RRY, R = ES T B TRANE
BAREE, A0 T 1 2E 1 >E g, FA TTA EFEM
Al RE. DL 454 19 JE 45 4% OLED:ITO/HATCN (6
nm)/TAPC (x nm)/TCTA (y nm)/25~27 (20 nm)/TPBi (z
nm)/LiF (1.2 nm)/Al (120 nm), H 26 K& 27 [#51F—FF 46
B S R R IR R, RHHBMEAER
TTA 2, ARG SRR 26 2411 8Lk A0 1R
N 36%~45%, WEH] T TTA S FExT R T8 a2 1
RAFEEEA. T 26 MIEB R4S (015,
0.14), Z=FELE 100~1000 cdem 2 B (4177 R ALE
4.57%~5.11%2 [, 7E 10000 cdem 2 {5 B {5 4R g
TRFE 4.76% MR TF =R, 3 BHA 54300 cdem >
BT, FET TTA JRHE ) OLED #3444 E A 1R K1)
RIEHS.

27

WAE, Lu ZEONRGE T LB 0 3R ke AT A=
Y 28, E R A BB R AR RS =LA ER
KA, LT =HEA-ZEEE K R, L
28 {E NAEH 2% %4 ITO/HATCN (6 nm)/TAPC (25
nm)/TCTA (15 nm)/28 (20 nm)/TPBi (40 nm)/LiF (0.5
nm)/Al (120 nm) (B 5)H 5 K4b & T 20 % 0] LUk 2
9.44%, CIE AA45°4(0.14,0.19), F H IR (10000 cde
m )i AR T RCRIIREEIA S 8.09%, JENH T A%
FIRCR IR . SFEL B BINFIE 26, MR 8% 14 45 74
T, 26 Bt R E TR RA 4.20%, FF Hidk b

Chin. J. Org. Chem. 2019, 39, 679~696
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SVICHIEIRA AT LLE 1, PA 28 NIOLE a1 IE
BB KT 26, UEHE 5 GG DI 85T
I RAH BAEFH 70, 958 TTA MR, MR8 70
LUMO REZRFEAR, FRIK T R TEARIS L, et r
ZIRIETA, AEASasF IA ST 5.

Oy~ X
Ly~ <O
- O

0

28

LUMO
LiF/Al

Energy level/eV

ITO
HOMO

B5 28 KO AL T e A
Figure 5 EL structures and electronic level configurations of
the devices 28

2.3 ETFTHRFNWEIRZTLFIER D-m-A BUSEHRRIST
£

AR [ e giit e BN, Bk B 103 B
Gy e AR EASM =AW 20 h 25%M 75%),
MEF FIRHERHNEE S, RAYHABETER
HAHE] E e 2 AR A B SEHUAH B, M REA AR
WE 2 AL AN 3 2 A P RRIT 2 g AR B 1), — 1
BN, RS NEFERERS). Hit, TR, £5%
Jt: OLED U FI H 25% I S AR UK B B2 (S) 75) B
TR, T5%H R R =B/ BB FhTE
WEZERAE A, DAAESR S ERIE R R E 2] Sy A R k.
Rltk, #4820 OLED N & ¥ 24 % (internal quantum
efficiency, IQE)N A 25%, M1 BAMA & e 1%
OLED & HOEHUH AR R 20% 84, A bMESE 90t
OLED %1 (5 KAME T30 WA 5%,

POE AL RE IR ¢ Y (thermally activated delayed fluo-
rescence, TADF) 34K 1 T 5 5 8, 5 Ty Z A/ AES
Z(AEsr<<0.5 eV), HIROLECR, 77 WE AT UK
A I ) Z& [A] & it (reverse  intersystem crossing, RISC)id
e, T AWM FROAERER RS S, &, JREdfEgT ik
TR A E R =IO IR %G, T AL
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AP T 75% M =L F TR ESZI 100%H A
BT RCRQ25%+75%), TADF #2271 # 't OLED #f
TR (2 BT R I R AR B AR R S
MR = BEAZ S KRR 2, 1R MESCIL A 3E It
I L [4] 44 % TADF 7 1.

2018 4, Wang Z R AEsr R 0.11 eV JEEA
B 7Y TADF PEJ 45 fo T2 AW R VR fibdd, JEFEmkme
YRR, SIhHiE T A TADF 41 29 A130. 1525
53T H HE FR DK BRI B IR 2R 34 2 (A3 P 2 L T A,
AILLSEH HOMO Al LUMO 2 [845 3043 85, Jk/> AEst,
53T C—H I 48 T LA 73— e o HL A ) 4 5
BRI, 29 A1 30 1 AEsr FFEKE] 0.01 A1 0.008 eV, i &
TADF HIReRR 2. i H 30 FIe s FreFmik 0.99, LA
KA TIN5 22 84 4F 1TTO/MoO; (10 nm)/TAPC
(80 nm)/TCTA (10 nm)/29 5% 30 (30 nm)/TmPyPB (40
nm)/LiF (1 nm)/Al (100 nm)(& 6)F15 KAME T RCR, H
TR LR R 43 N 20.52%, 65.90 cdsA ™' A1 68.98
ImeW ™', PLK 21.06%, 67.18 cd*A™', 68.11 Im*W '. B
ST RN B N E R, (R AR IE K4 OLED
] TADF 7334 — MBI s v .

‘ N
L0 -0
"

29

Sy
O30

24 ET LEC [RIEAY D-m-A BUFEHBKATHE Y

REW R AL (Polymer Light-emitting Elec-
trochemical Cell, LEC) &k #E R &Rt W& IRt
R, AR EMAO6E B NI 4585 1 v ik Jo )
£ ORI X E HA B A RO AR, TR 5 SR I RR
S5k 5EARMIMIVE AR, TN b2 SR R ] 4% 2%
PEAE A —E LA HR G Z M 3 AR A 3L
HREYEE SRS,

FEFFBRIEAE N — MR T G R SR A, 18
LEC #7877 52 2R TAEE 9. BAE 2015 4F,
Choe %M SEFERRMAT M 5IN LEC IRIGE, #it

30

http://sioc-journal.cn/ 689



BIKE
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LiF/Al

2
N

Energy level/eV

[=-]
&
>
-9
=
=

2
Q9

B6 2829 BRIt AR TR
Figure 6 EL structures and electronic level configurations of
the devices 28/29

B ANEELE C2 A B HUR I EFER AT A4 31, LA
A LEC 28 1F. 231445408 ITTO/PEDOT:PSS (80 nm)/
KICJZ(90 nm)/AL (100 nm), K I6Z NIEFERME . KA
LI SR AR =R = HCN 10 0.1 £ 0.185
(31 PEO : LiCF;SO;) I LL VR &, ¥ i EAR B 9

2 0.57 BIVUE R AIIA U b, 7RSS AR
i‘tﬁ%Jﬁk%ﬁﬁ:. PR )9 521 nm, T ARKR (0.38, 0.49),
BARA R RET, (BN LEC 2R EM B
P —ANE R B iR R A N
RFERIEIE EA-FAAT LEC %34, MBS AL
R,

F4E, ZBITIZE 31 (3EaE |, it e N1 A28 -
SINTREE, R EAINE T ED, WitE g
TR T AE KPR AEY) 32~35. TIN5 F1E
TR #8 2 IS (. 5 459, 462, 463 1458 nm, H.
BT AR BN RES LR LM ARt E
FrEE. LU ITO/PEDOT:PSS/ K IGIE/AL Ny g ft 45 Fy
7), 32 f1 33 5 TAEHILRY) ST SRR G E A ROLE;
34 135 LB, WRTELTS 34 1F8 LEC 23441
RIE, $A5T 711 cdom > I KFEE 2 0.18 cdeA ™" )
ORI, XL 31 s, SR 5 %, 32 133
(1) LEC #8145 31 8/ F 72 B 1EK 20 £, WERA T SEFmkme
N1 A2 E ERER IS LEC 88 4F M mEBUR et R %
veE tEER.

BARZER = R S A BN IR, =
FEIXRIEF KT AEYI T LEC #3F R IGEGAE—E
W, ooy i K Re 2= BHAS T 80 T i N F2.
2017 4F, Choe 2PN B K vb LAAR AL B R {7 5 s B
FEFE R, ﬁJszJé—.\ﬁizT DY ANVR I R S B8 - S DR T
AW 36~39. &5 FEIR BTN BUAR B A A B LA A
IRt 36 Bﬁ%rﬁ/mﬁﬁiﬂﬁi%‘c LI LI R, R
s CT ASHFAE, AL 1) 38 F T4 g5 44 2
BHEEZM LE &4y BOAARALEURT 38 fi 39 7&

690 http://sioc-journal.cn/
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Sy Fe

32:R = hexyl
33:R = butyl

Cathode
Al

Energy level/eV

31-35

ITO
Anode

17}
7]
-9
o
Q
=]
=
&

B 7 31~35 B a4 E
Figure 7 EL structures and e of the devices 31~35

R
) @
\
N
\N/\ PF§

N/\ PFG
+ — +
36 R=Py 38 R=Py
37R=An 39R=An

B

A HUAEFIERIEAE, AMUGIES He0E, HgmILrE
LEC #4424z H, JoikbilfER LEC #F. LL 36 Al
37 Wi TN LEC # 1 RGEEM B4 MM
ITO/PEDOT:PSS (80 nm)/& :/Z(60 nm)/Al (100 nm),
RS KA 485 nm Ml 467 nm, HAKEE R 179 26
cdem 2, XFECULRTIRIE R 35 CLREFHE MRS, BT
36 HARIFmIMERE, 1EE LU 5 RA I O =4
R AR S E N AOLE, M EIN 100.1 £ 0.15 B
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PAF K25 585 edem 2. IR BRI CIE, B+
433 NTSC L2 1) CIE A£45(0.14, 0.08).
2.5 HAnRIE D--A BUFEHKMETEY

T e HERRAE F T 51 S 1) SRS WL K,
w7 5l N B R 3 KO (aggregation-in-
duced emission, ATE)Z{ f)3E HTHdn 2K 2.4%%%), 1Y
KON RIS EY), T T
HEERRIILHIA R, LRI V2 3 o 5
JRTPL DU 2GR AR RIS, BT F P AR IR
BItie B R 2 S 800 TR SRR TR, 11k
AV ICTUTS. MERERET, 2 TFHIHEREET
A, RN RSS2 BIPR S, 0T AR S R
RE71, AN 27 B 5% e R w3 s, U 24 A2 — Al
SR () BAT ATE 28 156 60, HAaz kA T A
AR R . B ReH S TS0 SOm B iz R,
TSR, HA AIE NI A RN, 1EER
RETHHBIGR, MERERE T ERER HIR A2
e N, AT LA RO AR A G S AR [ 25 RAE S I
BT m-m HEA T i R ) SR AR T K i 78,

2017 4, Misra 25706 DU 2% 205 51 N JEFFBEME C2 fif
BIRIE BRI, TS XL, AT =R AIE N
WS 40~42, FHARFUA R B B I AIE 145
J1EAR T UG PE R M RE M. S5 RE H, ARG E
B, 7 BA ARSI R P4, e
JEERVE R 2 5. AR B Al AR, | T IR
7 5 AR FE R W 2 T fr A 0 AR R ek, L LA 1
K. A THEA KGN BSOS BT, 40T
RS I AR gk, AR K AR 2082 T 98 nm,
STRLHURZ RS 43 nm, IEBH AR [E) A7 B R BT AL R A
FIFHER 6, I T BRI AIE 8. &t 52 e
PR, 4R B 234 A AN B B IR 75 1) 3
TAERIRE ], =0 TAEARICIEN ARS8, &
KANE TP BN 4.0%- 2.4%- 3.2%, EARFR N
(0.199, 0.332), (0.212, 0.372)A1(0.215, 0.313), # N KA
R

2018 4, Misra 20N IU % 2,06 F2 A A = 2R i 3 14
FINFEFFRRME, SR T S B ALE RN A1 B
YRR SEFFBRIRAT AW 43 R0 44, AN 9 175 DU S0
AR R I H T IR IS I K 55 (413 nm), 7E7K-DY S Mk
TEiAA R TP IGAEE AT ATE XU, 45 52 BBt 5 7K L 45
1 BT, BN TR IS A B 4088 s
FE BRI K. I H RIS 7 7 #2A J180% ks
PE, MAIRS FHEE G, 43 F1 44 (096K S5 5
433 fi1 449 nm £ 8 & 492 & 500 nm, F H 5 HT% AR5 41
TR E B FCR IR S R ES A, TR
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40 o-phe-imdz-TPE
41 m-phe-imdz-TPE
42 p-phe-imdz-TPE

&
o Lo

K5 0 = X 9 L S [ P AE AR, BN 2 T 7E B AR
R C—H BIERmMEA S BIERMN r-n MEEH, T
B THER AL, R B O R, DL A
ST AES JR 2RI AN T RCR A A E 2.2%F1
4.0%, HTHESH AIE 8, B4 7106 AT AT
TEHE— 25 N 7 7).

BbAh, —SRRATAY AT AIE RN I E IR 5%
S8 Rt A LA R A SR KN, — T
WAEH J1tn C—H--+n M S=0---H—C 2 K554,
AT DA 52 A P a5 MWk, D> o) T e sk 3, M
M) o AR R 66 F0, CASEELm I 9 e 17
3. 2016 4F, Tong WAL —ZEBUCAMFICEEH, Kitk
W TSR I KPR AT AR VR R RIS R, Wit TR
D-n-A-n-D [)5r1 45 F146. BN 5 -1 B Sl 45 7 ] DA
B HAAE n-n FERIER, WA FE R A R i
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6K (457 F 458 nm), fFREE RO E R
(95.3%F11 81.1%), 7EH AIRAS I BB {7 HE T BRI 75
FAR L A ARy EE )1 ECR A 545 424 nm
A3 K 474 nm, 46 H 444 nm 54 472 nm). B HFE AL
B 5w 2k R B H AN FEEAE HLCT 1
WRA. AN TR ROGZE RSB 48348 1TO/NPB
(70 nm)/TCTA (10 nm)/45 =% 46 (30 nm)/TPBI (40
nm)/LiF (0.8 nm)/Al (80 nm) &/~ HAKE S EG V &
1), MASAECNRIE GRS, CL 46 NERIGZHIB AR
% £ ITO/MoO; (30 nm)/NPB (55 nm)/TCTA (10
nm)/CBP:46 (8% wt 30 nm)/TmpYPB (40 nm)/LiF (0.8
nm)/Al (80 nm), CIE A4#5°4(0.151, 0.068), I Hi K4b
HFHEN 5.43%. BARBBURCE MK, (HEWRE
BET —ANET B SR IR AT AR 1

N

B D-n-A B TR EA T HEam TR R I,
{HIE MR PR S M & 8 T N AT 5 F2,
WAt 2 ICT LR, FEM BN RS 28 B R S
B, (02l R B i 228888y T AR 4 TR R BLiE
oo S, DARAOR i RO FEHE, AT SEE s 2 i
Tr=g, £ D-n-A Ko P&t b, 2R T/EE#RR
T XA R R 7 2 AR 45 R 2 S8 o SLHHY
AR RIRE K, GRS KR IR nn
HERRIIME S, [EIBS 520 T OLED #844: i ) (h afi 1861,

N T BEAR T R LB B IRk S 4 1 N A R
MR, MALEEE—MERN ST o LHMEREE
RUT89 {5l i S B 7 1) S 3 422 1 LD 2 2045 4 P,
HR G 452 nm, E BTPE XA # A w47 7 20 42

692 http://sioc-journal.cn/
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FIXLDYZK 2055 F IR SRS 7 36 nm, UEBH] T AL
T O AR I R E A

BRI R 7 OF HOMRR AR AL, WA S 5 7%
FIGE AT, (H R X Rl 7 AFAE — AN ™ 5 1
M, R BES  TA S R EGE B, S EHOMO HL
BRI LUMO HUB LR/ ES, ERIRNRGE e
O AR F R B = % ¥ OLED #3414

2016 4F, Tong ¥R ALY AR IE R ARG 0y, RO
P~ D-n-A-n-D GRS, RAfE G ALERE T
U 47 AR A A ER T U 48. 5 47 AL, RAH]
POERER) 48 BAAHEMMILEKE, HEAE—EREE L
77N A R LR, R E RN, 5283
FEE, HTEJREFrs g, %R 7 e iene 2 B 2
SHLAL 6 FALERE B A /AN R P, X FEOR
BN IR 2 R (AR R SN IR ST RY R S EE AP S
Ho. Pk, 48 M4y FRIZHUE T LR ES, H S
OIS e (EWAE [ 23 2 C i
RNZE, HEM4H8: ITO/HATCN (5 nm)/NPB (60
nm)/TCTA (5 nm)/47 5%, 48 (20 nm)/TPBI (35 nm)/LiF (1
nm)/Al (120 nm), HF 48 FACE AL TR E
KA CIE 4485(0.15, 0.09), mHIHFZE CE 4.16 cde
A IR AN E TR (EQE) A 5.15%, 1E— e Lol
DA SE m RO A 28 0. Bhab, BRI 48 B 1E NI
REM BRI R /), 4 T —AEL 48 ARIGIEFH T
451 2 ()28 ITO/HATCN (5 nm)/NPB (60 nm)/ TCTA
(5nm)/48 (50 nm)/LiF (1 nm)/Al (120 nm), /538 I =K
HLEUR W (CE=4.22 cdA™' Il EQE=4.26%).

47
7
o |
ORA®
e ®

48
2017 4, Zhang Z5P2i@ it 5] N Z IhfesE 4 CPD, #
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REVIEW

THERCT 701 49 F1 50, Horr CN B95I NG 58 1 7011
CT 7%, AR T HELSN RISC I FE. 50 BEME N1 235 |
FINBUT HE, &N T #6057 e, #aRElS
PER BN G Fe A e BB B 75 K [ 2 ()3 B ) %
W, RSO ES, 7T LT CT AMAH Y, AFT
DT A B DU U AR M SN RSy e RS PR IR
B, sl o TR R A, AR TREE OLED B 1) &
BalifE. 49 1 50 75 S FHLE(95%F 89%)FITE [l 4 Hf
(84%FH 73%) AR EF IR G EF =2, LL 1TO/ MoOs
(10 nm)/TAPC (50 nm)/TCTA (7.5 nm)/49 B 50 (20
nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm)A3E45 42814
SR HAREEERE, CE Al PE & EQE 20514 4.76 cds
A", 4.68 ImeW ' F1 5.07%, DL 51 NENZE M2 BN
H 3.40 cdeA !, 3.06 ImeW ' K& 4.20% 5 KA =T
K, I3 HA MR T (0.15, 0.07)F1(0.15, 0.09)f¢) CIE Ak
Br. FAMEATRH— P I Es 45, SE3l T —Fhe
R Re AR, $em VTR R, T 491 EeEs
PRI R BUR A, CE N 494 cdA™, PE iy
1,53.5 Im*W ™', EQE ‘A 19.0%A!1 CIE 445(0.46,0.46). &
T 50 FIFELEMM T BoR B meR, 58 40.6
cdA™', 47.2 Im*W ', EQE A 19.4%F1 CIE AL#5(0.43,

oL QL
N\>—.—F Q )
$ Q g

CN
49

O o A3
N

¢ 50

AR, AZ R I SR FR R ¥ C6 A1 C9 57 5
NEAT 5945 T RE T IE (4], Bt e €3 5
PERE, AR BER T SR, HI59T N HEAT EAS
MR, MERS G, T 51 EBREE 1TO/
(NPB, 70 nm)/TCTA (5 nm)/51 (30nm)/TPBi (30 nm)/LiF
(1 nm)/Al (150 nm) &7 tH 58 6 (A2l i, H CIE A8t
(0.15, 0.05), FHFEREERIKM B BEN 2.7 V, BRI
B BIRACE A IR 73008 2.74%- 1.28 cde
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AVFT 112 ImeW L

.

Oy
N%@%
¥se
@ 51

RNTRERE C2 8 NGB TRE,
ICT L% HE, Lee FPUEIEIERRMILIH C6 511 C9
SHALGIAAFPEATEDCE. 2. FE. B B, &
THEFEBRIRATAEY) 52~58, WEAIX AL E _EEAIE
MIAS TR B e 8 77 A R o 1 R S iE s, o Bl
SRR C6 SALEURET C9 S A AR 1 T
AN, PR Co M BEERDHERE. 5OtMgs Rk
B BRI AN [ K/ B SRR B 5 L 2 (Al A B 37
(& Bt LA e RS, A EL T C2 A BB,
C6 5 C9 fir B AT RESL LA 2 = 4L5E. C6 5 Ar AR
1 CO SALEURHT 57 A1 58 Lt C2 fr BEUR T & it
JERETE NGRS, B BURE RN B, S E
NEELEER, PR ICT 3L%, s gl
BERSGt, THAAT A IR A R RS a . PLE
B8 OLED ##HHIANE, #8fF454°8 1TO/NPB
(70 nm)/TCTA(5 nm)/52~58 (30 nm)/TPBi (30 nm)/LiF
(1 nm)/Al (150 nm), 54, 57 F1 58 1) 3 L EARAE, 7]RE
ST HRNERTE I B ee BN R =83
RegiZE. T AR, 58 R B H BT i L BUR etk fE,
P 5.69%MIHR KA ETRHE I 8.46 ImeW ' I HEE R
K, AR HAAALFR0.157, 0.177) W K ¥ 4. 53, 55 F1156 4%
IR RS, CIE ALbR43 i 29(0.162, 0.043), (0.161,
0.063) F1(0.158, 0.050), X} Lb AMEMi 4> T 52 B #% 1
(0.163, 0.076) I bR BEINIR WS, Ho 56 ARG JZE 8+
BA 3. 12%M NE T e, A B K AR 2R &
Al IFH, LL5%J5E 7751 56 54445 CPB h{E A#%
PERIGIE, BAAKE)9(0.155, 0.065), 1A 5.28%H & K
GhEFrEE, RIS, BRI 1000
cdem® WA IREE 5.01% 4 & 7 F= %, £ CIE, /M
0.08 128 HR ACRIR P B /.

3 J D-m-A GHIEFEH R GTE Y
UEAESR, LAJS HEEUAR I R HEHE AR (4 9E I DRI 7 24
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—H,

3

e

52 ~ 58

R
‘ 5
N

R

g

oo

WM B T BEARFB G RiRErt, RIFr%
JE TR, WA IR R, DL s T
FH #% (Exciton Utilization Efficiency, EUE), t152Z| K%K
RVE. 2 AW A E IR T 5, FET N1 & C2 ff
B ERBACEATAY), BT R Bk, )2 8 I
IEFH. Ma S RAEIRIE AR RS> T 59 K =3I
BKIES>1- 60, 59 FA TS AT EVE S A h1ERe, H2&
FAE R ST B R IE R ST X (468 nm); 1T 60 % 59 K5t
W%, (o TR R TR iR B, Bk e B
AR I ER, IR T e /E OLED )iz H.

»
s ooy
(] s g

60

2014 4E, Wang 500K XUHE FR K I 537 59 (1M BRI
PR FE ez 77 S e e 2 A8 S [l A, 45 21 5 el 47 B HE
FEWKE 61 F1IXL )AL HUATEFE KL 62. @ity C2 A B
AR Ty A L SRR B AR, TR R R A B
JRIE DL, AR AR R B, R 61 K
51433 nm)A 62 K 5402 nm)#L 59 (468 nm)f B &5
%, FE RS 1R AR (440 nm) A £ NTSC Fr

694 http://sioc-journal.cn/
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M) CIE A8FR(0.16, 0.11). {2, BT E S THEhH
SER PR R ES SRR EZ, JEIFIRME T
M DAY AR SR A i iE, SO E 3R m)
T K EEUR SRR R .

oL
Proap
OOO

S eade
i

2016 4E, Wang Z5P7 5 R A8 4~ PP 2 [A1 ()i 4%
= W SO D/ NG O 57 N (S R 1 05 S NTTE 7 S P
RIE RS 70T 63 F1 64, 63 RIS PPI AHIL I 4
ANRST KOG AN AL = R, ARSI R
H3E L CIE A8 $£(0.156, 0.050). JEid 76 JE BRI N1
RIRHREE Bl NFEL S, MUK T 231 I #Ee e 14
I A B XM, B9 T SRR BOR TN AR
P, TR R T AR RE, [RIET ARSI A
CIE ABFRAE4ERFTE(0.150, 0.080), 1 Hifid N1 A&
CT A&, 81538528 MR IR RS 2 R0 4 i),
R AN E AR A A . s G D-n-A 45t
(PIAEFEKPEAT A= B B 1 = PR .

4 REERE

i LR, JEIFIRMEEE P L B B BT SRR
Fetk, 2 Tei, S, JF R EY D T ik
THAMAT VR, AR AR, Rl il 0 a5 ey R B e A
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(A5 RO AR, T IEIERmeIE e s k), 2 7t
HEBVIME G R T, BRI = HS- =8
AT K R0 TTA JEHEL p BUEIR L, KIH
LE &M CT &ZAbgE & 1A b i for 5 A BOR 34&
(HLCTD#EL, R GRS ELRA 25% 8 L6458
TR, LT @A a7 R o th ol B 1 I e A
B 5 IR, v R S IR R W AR E RO R
RICEM HGIESATIINER T ZiEH.

SN, BT R R SR DR A B 4R 2 A
SRR A i £ . BURE BRI B . k5 2k
] n-n JEHEKEESE T, 958 E b7 — P kAL,
AT 215 i3 (1 98 B 7 28 % B R (CIE,+, < 0.3) I &
B, 3B IA BT S AR TR R AR I RCRIR .

G AR R 5%AME T e R B AN K
JRIER, R TTA FELR p B35 ek BRI A i
AR T 7= 5 R I R IR B, (H 2 RS e a1
M Eai AR NE. PH HLCT Mt R B A gt B
T SO R B R BAR AR A, (BB KA T 72 R IEAEAE
2B 3 T 23 ).

A RVERIAE, FEFFBRME E B it K AEg, SE0E
PSP IR IR PR — B — A, BRCA IR
FFBKMER) TADF 2r THRIE, (HNS GRS, B TADF
RN A HE K P B S AL A DL AR TS, dn el sdi i o7
THSEIR IS 2 HA Pk P 1 i)

bR, AT R G R T2 T
DR, WA B BN, A SN A SE R ke
MR YA R S, BRATIR Bt IE 7 SRR~
ZIE G B FE ke Ak AP, DLEAE N RO E I T
JELRY OLED, {HJ&H sk kRS H 28 284% OLED
ML A2 HEAR. BT LA o] SE B0 /o R R e in T 4%
f, LAFEAIC OLED s Ail4E BiAs S /b e T2, 4
SRR — A B A PR M 00 1) L BE R O bR BE 1)
HOMO 1 LUMO #eBRH(>3.0 eV), fli A OLED #$4
A HUZ AR T 2570/ RN E G B, ek
B 1R A SR SR K e W A et s AT B A A e A 1 A
A, B4 € S R [ 25 R 6 I T gk — 25 R R 1) SR
.
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