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Abstract

White organic light emitting diode (WOLED) with high color rendering index (CRI) has great ad-
B

NEGIMH: KET, TEE. ETREBEL S EARK WOLED S GiEERERITT T BB, 2023, 13(4):
137-145. DOI: 10.12677/app.2023.134016


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2023.134016
https://doi.org/10.12677/app.2023.134016
https://www.hanspub.org/

KET, TEH

vantages in lighting applications. It is of great help for OLED to study the change of CRI of devices
with different light intensities and improve the CRI of devices. In this paper, we propose a strategy
to adjust exciton energy by using the intermediate layer (mCP) based on the interfacial exciton
complex host system. On this basis, we prepared a series of WOLED with excellent properties by
using blue interface-exciplex (mCP/PO-T2T), yellow interfacial exciplex (TAPC/PO-T2T), green
phosphor (Ir(ppy):) and red phosphor (Ir(piq):(acac)). The effects of the doping proportion of
phosphorescent materials and the thickness of mCP intermediate layer on the device performance
were studied. The results show that the maximum brightness and CRI are 4862 cd/m?2 and 95, re-
spectively. The driving voltage is increased from 4 V to 7 V, and the CIE coordinate offset is only
(0.044, 0.009). This simple structure provides a new method for realizing high CRI and color sta-
bility by using a variety of exciplex complexes.
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1. 51§

WAEHBRG DIFEMG. TEAL A e S B AR s A WL BUR G454 (OLED), # AT AZ T
— A AT IR O BRI A IR BB (1] [2] (3] [4]. FEH A, J@F A2 B)% OLED, [
TR, etz ANE T E A LBOE N CRI [4] [5][6] [7]. 192 H & R EA % CRI 9 85, —Heikik(y)
W LR AT LT 90, PRI 2 CRI AR 7875 B B Al th /2 2 O L (1) o

NTIRAFHE ) CRI, % 75 2 = Ah DL (B e AR o 4 58 s E AWM kL. B, Yao %5
NPT EML HriE ., Zpe, BEEMZ G R4 1) B-G-O-R 1 R-O-G-B J7 41, SEIL T B A XU Ak
A CRI (87) A%t WOLED [8].Ma 55 N8 78 W (0 IR 2 G4 4K R 40 4 A\ IR 2 (5 R0 21 6, 9 Ao
R KR, fil#% 7 = WOLED, Jf HSIE#1F CRUIAF] [ 85 AL Aa[9]. P NE:E &M b i)
JtH, Chen NMITTFLAHTTE 2 Ml E -SRI ZT, SRS CRI. Xiao &8 NAE A — b4 )= Bt
FAP R SZAR AR B0« BB S G HIE X 1 OLED #344F, (H i T 15 (5 5 58 kb ab T [5 — S,
HMELLIR T % OGRS, 75 CRI KA 71 [10]. 1 Dong 25 N, 42T —Fi & (it & W Je e AN 15
W G2 (8], 8 I T b SO A (5 5 P JE R e ) B e R S R i A
(R EEAISEEL T s 88 ) CRI[11]. ARTMIIXFN 2 (R4 2 A LU A%, BN 1 il i 2 v R HE B

TEARSCH, FATRIH TEEEAMRKERES BT - SR STE R 7% . (mCP/PO-T2T) [12]F1#
4 (TAPC/PO-T2T) [ 13| HWHREE W 251, HIEARLHIH TAPC/mCP/PO-T2T/mCP/TAPC. F H7E A
il BB NGOG (e (ppy)s) ALt 6 (In(piq)o(acac)) FEl it A NN &R 658, Hl& T —&
FIVUts WOLED. WAk, ARSegs o i ik A K AR & B - X 32 SR i B 52 & 9 18] /2 (mCP)
JEFERIRZIE o PRI FRATTIE T 20 mCP (1R FE SR A K AERR G T - R S 88, AT U 5 & O
SRIY . BAE mCP JEE Y 2 nm I3RS T ik 95 M8 CRI.

2. SEEG R
F A S 3 7E B A AR (ITO)I T B 15 QUsq IIBEIBIENG FbIXs T, 2R HRE 2 BT, BExfsE
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WRIEAT AR VG YA« TETEBERT 20 R B 7oK FARE LA RS GRS 10 min, 538 LAG 73 0] 2
BGIATHE T A E1 4% 30 min. ASZIGHE B A8 245, AP R B EMART 5 x 107 Pa. FTE K
ZEAPEINT 13 R 5 P 5] PR R R PR A 0 SR AR IR 2 AT o SEES A UM RN I 2R 394E 0.1 A/s~2 Als,
BRI ZSHEE AN 3 A/se B 20 (V) Mo it % B v R s BE AR I . CRIL HLERUROG I . CIE ABA3 A CCT I A
B A& PR655 YA AT Keithley 2400 FEIETT .

SIS i Bis(1-phenylisoquinoline)(acetylacetonate) Ir(IIT) (Ir (piq)2(acac))VE LG EARAL KL 14];
(2-phenylpyridine)iridium(IIT) (Ir(ppy)3)1E &AL BH 151 A DA 5 & (1,3,5-Triazine-2,4,6-triyl)tris
(benzene-3,1-diyl)tris(diphenyl-phosphineoxide) 1 1,3-bis(N-carbazolyl)benzene(PO-T2T:mCP)-5, % ik
EEW) 1,1-bis[4-(di-p-tolylamino)phenyl]cy-clohexane FI(mCP:TAPC) . A 7T H i I i) T B R Y6 E TR
S FEEIEE 1 ATR[16] [17] [18] [19].

¥
@g@w@

TAPC
PO-T2T
Q O Ir(ppy)z I i,
P9
S SR
mCP [r(piq),(acac)

Figure 1. Molecular structure diagram of main luminescent ma-
terials involved in this study

B 1. A RHNEZR AV FLEHaE

3. LR

T I R AT LS e 0 2% 1) 23 B ) R T B AR - 2 AR(D-A) KRR L - R TR i 8
HEY(TAPC:PO-T2T) M (2 FLH 3 5 A ¥)(mCP:PO-T2T)H % 7 X G e E A1, FEAE LAY Fn
TR OBOEREISAS T Ut WOLED, {45l 2 fos. PUt WOLED #:fF4544979: ITO (100
nm)/HAT-CN (10 nm)/NPB (30 nm)/TAPC (2 nm)/mCP (5 nm)/PO-T2T:Ir (ppy);:Ir(piq).(acac) (1%, 1%, 2
nm)/mCP (5 nm)/TAPC (2 nm)/TmPyPB (40 nm)/Liq (2 nm)/Al (100 nm),

HL A4 ARE TmPyPB [ HL FERE R A2 1 x 107 em?/Vs [20], 11 25 7B R NPB 12 FOE B 32
8.8 x 10" em®/Vs [21], BEULHTA BAFI R & X AL T2 /&4 = — MK mCP . #84F Al A2 HBEUR
JGEANIE 3(a)s 1 3(b)Fn. Kl 3(a) AT BAE DGR B NE,  HLBEA B AR ok 3 7 R
WRHIIE, ATRAE AL T KR T - 270h & I BE T 3 RS & Y)(TAPC:PO-T2T). {Hifi T
BRI TG IR BRI BB AL I, (E A3 DR RS T BGRB8 B R CRIANAT 67. 7EMIA T 4006
8ot m, SEEEE 3(b)Fn, "B IR T e, &L CRIEE] T 79,
HAE SR EWA PRI SIS T LR BB I BT 51 .
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Figure 2. Schematic diagram of device structure
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Figure 3. (a) EL spectra of device A1 at different voltages; (b) EL spectra of device A2 at different voltages
3.(a) B Al EXEERETH EL Si&; (b) 251 A2 EFREIEETH EL KiE

U S E BT, LA EIAIER CRI. 7R EERATES SR RS R 1, kSRR
ffeR, MR A 2T 2 F CRI. 71X BLERATIAE A2 35aE I, @i oS moe i k35 4 &
Wit 7 — #5284, 459 : ITO (100 nm)/HAT-CN (10 nm)/NPB (30 nm)/TAPC (2 nm)/mCP (5
nm)/PO-T2T:Ir (ppy);:Ir(piq).(acac) (x%, y%, 2 nm)/mCP (5 nm)/TAPC (2 nm)/TmPyPB (40 nm)/Liq (2
nm)/Al (100 nm), HH X=1, Y=1; X=1, Y=15; X=15, Y=1; X=1.5, Y =2 75X & A2,
B1~B3.

1 BoR TR AR S R, LM A2, B1~B3 HIRKIIERESHIN 10.19 Im/W. 7.41
VW, 13.62 Im/W 1 6.92 Im/W, Z351%f R T 3020 ed/m*. 2941 cd/m*. 2662 cd/m*H1 1851 cd/m’ I K
SERE. Mo, B B2 BB EEHSR ANB A B s (¥, AT DG & 7= ARG, 44006
AR Z T, 2T SELACMRR A R DR s, HRE T R =R A 80
H, A ML EARVINN (R B 22 I 38R 308 5 s BE A LI
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Table 1. EL characteristics of devices with different structures

® 1. TRIGHRMRIBRB LR

e g FHLVL 5 R I UIRYE  HEME  CRL CCT CIE
(mA/em?)  (cd/m?) (Im/W) (cd/A) 4v 7V
Al 366.32 2540 9.16 8.74 67 3429 (0.471, 0.493) (0.441, 0.474)
A2 337.84 3033 10.19 12.17 79 3410 (0.491, 0.476) (0.442, 0.476)
B1 331.46 2997 7.41 8.84 70 2325 (0.567, 0.413) (0.511, 0.442)
B2 323.27 4862 13.62 16.26 81 3940 (0.461, 0.495) (0.414, 0.489)
B3 292.49 1851 6.92 8.26 49 1877 (0.590, 0.393) (0.538, 0.408)
Cl 277.42 4563 12.75 14.20 82 3580 (0.489, 0.478) (0.436, 0.487)
C2 314.25 4082 9.70 10.03 88 3090 (0.512, 0.459) (0.462, 0.470)
C3 267.54 2504 8.08 7.72 95 2713 (0.516, 0.438) (0.472, 0.447)
e R AT RR Y B S RS B A TE B A S B R B (A i KB s CCT A1 CRI {EIAFE 7V
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Figure 4. (a) EL spectra of devices A2 and B1-B3 at a voltage of 7 V; (b) EL spectra of device B1 at different vol-
tages; (c) EL spectra of device B2 at different voltages; (d) EL spectrum of device B3 at different voltages

4. (2) B A2 F1BI~B3 #£ 7 V BBETHI EL Jti%; (b) =5+ Bl AENEEETHY EL L5 (o) SSFB2 &
AEERETH EL ti%; (d) 8¢ B3 EARFRETH EL ik
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Kl 4@)~(d) 5T 7 V EFEE A2 i B1~B3 I 1 E— 1L BB EUR 61 L R 28 4F B1~B3 7EAN A H
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Figure 5. (a) EL spectra of devices B2 and C1~C3 at a voltage of 7 V; (b) EL spectra of device C1 at different voltages;
(c) EL spectra of device C2 at different voltages; (d) EL spectrum of device C3 at different voltages
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Figure 6. (a) Energy transfer diagram in B2 device; (b) Energy transfer diagram in C1~C3 devices. FRET and DET are
energy transfer of Forster and Dexter, respectively
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