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ETF BCPO X #ELELINFH LN
—HRENBEHAEANNESRAENE

T X

TEF

KH

(PURE A BERLE S EOR B, NS T2 DO E S0, K 400715)

(2023 4E 8 A 10 HkE]; 2023 4F 12 A 5 AU EIMEHH)

U ARk i #5358 AN A BIL A O AR A A A HLE 2 U A 8 R 2 — L (ER S R 1 H B
FAEME] 400 nm PUR 5, X g fFh 4 SIREZ BB R RE S 1 1 S s 20K ARSLrh, LASEi B/ 748 BCPO
(bis-4-(N-carbazolyl)phenyl)phenylphosphine oxide) *h &2, £F BCPO M & SHGIEM & T H T & 4 4 L
ZE AL E AR, A T R ECR DGR IR TE 384 nm BT AT AN MLAOE TR TERAER SR IFES T, A%
PR fie R AN T R80R A B 2.98%, e KR ST DR 1k 5] 38.2 mW /em?. B S & G H I K 7E 400 nm LU 43 48
M6 O 57%. SRR W SR AEAEAE TR s T REFRYRRE M, LA, X5 85 R Fo e ME Y 21 SC B

RGT TIRARIIHT

SEEA: ATHUROL B, SRS, ST, S TR

PACS: 78.30.Jw, 78.40.—q, 78.55.-m, 78.60.F1i

1 5

FHHUEIE—AE (organic light-emitting diodes,

ail%

OLEDs), RHHAT B ARG B | o B i a] % |

ooy &SRV RRITESES dara - X Wat &l
TRMIETARE 2 60, FE AT OLEDs #f
FERIA WA, B A A& XA T 0] 0O Be iy
OLEDs I 2 GRCRARE IR 3 1A FR. Ptk —2eft
A RBO T RIS IO “ARE (near
ultraviolet organic light-emitting diodes, NUV-
OLEDs)! . 7E561E2% 38 H LA 400 nm A4k,
P AAE 400—450 nm I8 Bl HY & OEFR N 58, ik
KAE 200—400 nm 3 Fl 1 A OEFR NI AL, T
AR HEARF Tz, FEIRB W RE . BT A
SEJ7 AR E BRSO, 124 0 1k, PAs T &
HMCIAEGE T AT RIS TR T, BN DL A 4
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PR 45 AORAT . SEAMEBEAT . BRI T H BT 4%,
R i B R 3 o F B AR R S IR 2 e
9, MR IF A = BESGR BT BV AT & 53 Hh AN [
AT S A E RS — Bk 5 o 1Y) i 4 A 7
Yy, Wit RIS R AN G, SR B i3k
I EE MR AL G 1 T oK I 1 i 52 G,
EL IR — A A A TR ) i [ R 61,

AL NG TR A B AR R BT L B
TG AR, e E A E NI Z A
G BT B/ IN o3 1R R R AR S i 2R ANt Kk
SPOGUR . 2008 4, Mikami 55 7 4z 38 7 — 55 47
B Ny TR TAZ, HOGECR St T 774 (pho-
toluminescence quantum yield, PLQY) £ 75%, LA
TAZ V&R K624 1 NUV-OLEDs, L0kt
(electroluminescence, EL) U6 £ J% 1 78 380 nm
FFFIfT, 8 F B e K AME T35 (external quantum
efficiency, EQE) i5 % 4.1%. 2017 4F, Zhang % B
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i F MoO,, M BHE R #1028 7R ARE T, it
ffi%F TAZ &6ZR NUV-OLEDs Hf Kk EQE
I F) 4.6%. 2020 4, Lin 25 9 & % 7 PAEIR 56
(thermally activated delayed fluorescence, TADF)
#5547 B /N4y F Tol-PPI, H PLQY 29K 36%,
VI Tol-PPI & k& Y2 il % ) NUV-OLEDs, EL I
B 392 nm, A7 E K EQE ik 3 5.43%.
2020 4F, Luo %5 19 & 1 T TADF Bl %847 B/ 7
F CZ-MPS, H: PLQY 214 69%, Lk CZ-MPS Rk
62451 NUV-OLEDs, EL W7 %K 389 nm,
MK EQE 353 9.3%. 2021 4E, Zhang %5 1Y
WA IFA T — A Al 24249 TADF B 58 15 R
/NGrF 2BuCz-CNCz, H: PLQY Z) 4 70.6%,
2BuCz-CNCz B2 1E 7 —Fp 9 B E AR CsSi
HE R &2 % NUV-OLEDs, EL W07 K N
396 nm, w1 K EQE ik#] 10.79%, X &i55
1k Fi A7 NUV-OLEDs #% £ #8805 B o 1 4R 38
BT EaRix s R RPN TAE, T UAESRBHIF T A%
WA R 1T 2R AR 1 NUV KOEH
HEE, I 2Na-CNCz (A, = 392 nm, EQE,,., =
6.15%)12, POPCN-2CP (A, = 400 nm, EQE,, . =
8.2%)113), mP2MPC (Mg, = 398 nm, EQE, .. =
6.09%)14 5. pLAh, XFFARLE EL Wy % K K F
400 nm MYIE LA EOCAM RS S, BT RSO
BT RN 5 D, D EL B KER R
T EOLRR X, B AR,

KA WA R & S 551, 8 H BER
= & 4 B9 7 #1E (highest occupied molecular
orbits, HOMO) BE ¢ 5 & AR K o ¥ 19 4 F L iE
(lowest unoccupied molecular orbits, LUMO) f¢
P B B YL B, 258 3.5 eV LA I, X
FEA AT DA B AR PR UE AL B & 5806 15 1 e o7 I8 4 7
400 nm (400 nm K XN L TFREE N 3.1 eV)
PITR. BERTA T & W AR OLEDs, AHLA
DG BB E B BT R 1Y S B AR
R 15161 3 B X S RS EL A R A I R s U
WAE ), B B RIRE T,, LAl
B, (HIXEERORAS PLQY Ml A s, XELIE R &t
BORHE T, an 2R X 28 8HE i NUV-OLEDs 1Y
RINIZ, BRI ARSI 5 2ok ™ i BRI
(1) KRR

2 #| & NUV-OLEDs # £+t 3 3%

2010 4F, Chou I Cheng!'™ & i T —F1 44 H
BCPO(bis-4-(N-carbazolyl)phenyl)phenylphosphine
oxide) 1Y YL 7 BR/INGr F 41 BH, H HOMO REZ Ny
-5.76 eV, LUMO A2 h-2.19 eV, BT E E, =
3.57 eV, B AZRIE T, = 137 C. WK S1
(WLANFEHF B} (online)) Fizs, 7E BCPO B4 145
A AL 5 A RIS [T RN — A 2R S UL . A
Ja N, mRmE L E B R AP ZA F T RE DT, TR
W E L A B A A Z B Re ), A
A3 BCPO HATHEH i) oL 123 7 OB A% i
Fede. X T4 NUV-OLEDs, fn%#:¥ BCPO 1k
b NUV K2, Xk EQE /Y LR Al #4540 F
i34, Bl EQE = nxPLQY x1/4. Hrf n NHHEM
Stk R X ITO BRI n 2928 30%, ARSLE
rhill 4% BCPO i (JEFE 50 nm) i) PLQY Z9°H4
50%, BCPO J& To bkt i RIH% R 25%,
H L3345 5 T BCPO &G A1 £ NUV-OLEDs
1 EQE BRATA%] 3.75%.

£ NUV-OLEDs H', i T %62 &5 1 ot+
RETRACK, R Tkt & SR & 2 PN A H faf
AR, X ER AR T A A RS 2
BRI R ) IR T8 B 2R K — 2, sE U, AR
b B e A AR B OO 5 RO 2 1 R 5
Tk B N A BRI E S, I, VR 0 AL
I, &0, #5 OLEDs a4 (1 B faf L i i Rk, 78
il NUV-OLEDs F#AERAHIE . 2T BCPO
PRI e G, A SIS L A S A R 1) 3
PEIEATUNT B A

B CER TTE AR RE. — R T
OLEDs 5 B L & i A kL £ 284 TPBI(1, 3,
5-Tris(1-phenyl-1H-benzimidazol-2-yl)benzene)['s),
TpPyPB(135-tri(p-pyrid-3-yl-phenyl)benzene) !,
TmPyPB(3, 3-[5"-[3-(3-pyridinyl)phenyl]|[1, 1':3’,
1'-terphenyl]-3, 3'-diyl]bispyridine), & T# 5>
F2ER WA FE AR R A ] S1. X Be R TERES:
%, BP HOMO/LUMO RE AL & Enono/ Erumos
WL TEE E,, WL T 1L RS 3 p, FI I FE A0 56 728 i B2
T, 5 T3 1. @3 1 T, TpPyPB 7%
Fi, M TmPyPB A9 B 58 K. Bl 1 R
T BCPO #EM PL & 4H6i% S TPBi, TpPyPB,
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# 1 ZFL TR IERES O L
Table 1.  Comparison of property parameters of three electron-transporting materials.
B2 FR Eromo/ Erumo/eV Eg/ eV e/ (10 $em?V s 1) Tg/ C
TPBi 6.2/-2.7 3.5 0.1 76
TpPyPB ~6.65/-3.04 3.61 3.4—7.9 79
TmPyPB -6.7/-2.7 4.0 1.0 79
® 2 MU TERES O L
Table 2.  Comparison of property parameters of three hole-transporting materials.
R S Eyomo/ Euumo/eV Eg/eV /(107 em® Vs ™) T,/C
NPB -5.5/-2.0 3.5 1.0 95
TCTA —5.7/-2.3 34 0.19 151
TAPC -5.5/-2.0 3.5 10 78

TmPyPB # & 14 0 56 3% 09 x5 b, Bl R os
TmPyPB IS BCPO Mtk EERD,
AL h i #E TmPyPB A & NUV-OLEDs
T &5 )2 (electron-transporting layer, ETL).
7 5 TmPyPB i LUMO REZAHIT L, A SC 3
I $E Liq M EHE R NUV-OLEDs Y H F1EAJZ.
B T & F b Liq ¥R )R BE (LA 2.5 nm, #( Liq
JZXT BCPO JEA I MO 275 1.

1.2
Y —— TmPyPB
Lo Y TpPyPB
w b —— TPBi
2
g K v 4 'Y —e— BCPO
0.8 a Y4y v
s 4% iy v
5 v oy
~ . h 1 Y
L
2 A Y
5 04rF A Y
@ A Y,
i) A
< A
0.2+ ‘2

200 240 280 320 360 400 440 480 520 560
Wavelength/nm

E 1 BCPO MR & HH63E 5 TPBi, TpPyPB, TmPyPB
THE L ) WO S

Fig. 1. Comparison between emission spectrum of BCPO

film and absorption spectra of TPBi, TpPyPB and TmPyPB
films.

SRFE RS AR MR RE. LUITERI$ OLEDs
I8 B AT Y T A B S oA e A R 32 A A
NPB(N, N"-bis-(1-naphthalenyl)-N, N-bis-phenyl-
(1, 1-biphenyl)-4, 4 -diamine)*!!, TCTAP TAPC
(4,4'-cyclohexylidenebis[N, N-bis(4-methylphenyl)
aniline]) !, EA 1873454 IANTEA R PRI S1.
X ek PERE S 4L, B HOMO/LUMO REZ A

® Enono/ Erono, i BRSEE E,, 25 RXGE R w,
BB E T,9) TR 20, f& 20 I,
TAPC W= /GEB iR, H TAPC Ry Bt vi FE
woR. B 2 /R T BCPO Ml PL & 5L
NPB, TCTA, TAPC #iERWISO ISR L, TR
F il TAPC il 5 BCPO A6 & 5T H & #x
/b TCTA 5 BCPO WMES WA KRZE, HILASE
kP TAPC F1 TCTA #8HEI% NUV-OLEDs
125 7L )2 (hole-transporting layer, HTL).

1.2 7
v —4— TAPC
'Y TCTA
o 10T v M —v NPB
+ Y
= Y Py ? —e— BCPO
2 0.8F v A
.U viuN
£ ¥
-
< Vx
~
= 0.6 A A
S & ¥
pe) " k Y
a 1 Y
o4, £ 18 Y
wn
4 V) A b
0.2}
0
240 280 320 360 400 440 480 520 560
Wavelength/nm
2

BCPO # i i & 1 %1% 5 NPB, TCTA, TAPC #
I 1) W SO i i B

Fig. 2. Comparison between emission spectrum of BCPO

film and absorption spectra of NPB, TCTA and TAPC
films.

VAT, PEDOT:PSS B4 WK &

ATz A FE AR R, X NUV-OLEDs

IS, EL ZOGDOMA SR AME I T Y, ik
a 2% & PEDOT:PSS JZ XTIl 584G A i i 7] .
& 3 %5 90 nm JEH PEDOT:PSS J25%) 100 nm
JE B8R A ALY (indium tin oxide, ITO) FHAK Y
BT, R S AN E R A e . & 3[R
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2T BCPO 19 PL YGIEA/E M*T e, BCPO ) PL
WEALARTE 384 nm Filif, ZOCAEHTE 340—500 nm
PG R, 7EX— VTR ITO BHM 715 5 R A
PREETE 80% LA b, i Xt F PEDOT:PSS 2, HAE
WK 400 nm DL E Y AT G I B O B R A 1
90% LA L. 7F 375 nm 4, PEDOT:PSS 2 iy i% 5t
IR 80% A7, MK iE— 2 340 nm &b
Bf, PEDOT:PSS 2 135 5 FH i T FE 3] 50% 42
. AP AR SRS, BRI 2 SRR R AR
P FRHA, 24P BCPO 1E R R ICER, /58RI LA
ffi il PEDOT:PSS {5 NUV-OLEDs #4125 7C
AR B HURLCZ M RS FRER TR, B
AT LLE 1 PEDOT:PSS ¥ FiiE A 4E A NUV-
OLEDs #{F 128 7HE AR B

1.1
1.0}
0.9+
0.8
0.7
0.6
0.5
0.4+t
0.3

0.2
0.1F

Transmission

— ITO
— PEDOT:PSS
— BCPO PL

0 A A A h A A A
300 350 400 450 500 550 600 650 700
Wavelength/nm
Kl 3 ITO F#% 5 PEDOT:PSS Ml 1% i 3¢
Fig. 3. Transmission of ITO anode and PEDOT:PSS films.

3 BEREMAE NUV-OLEDs % %
XA B A

Sl T 3 MR AR T BCPO &
Jt)Z 19 NUV-OLEDs, i {4 B 3 A 25 ¥4 43 51 R -
ITO(100 nm)/PEDOT:PSS(30 nm)/HTL/BCPO
(45 nm)/TmPyPB(35 nm)/Liq(2.5 nm)/Al(120 nm).
Hof, #1F 1(DEV1) H HTL = TAPC(40 nm),
w4 2(DEV2) H HTL = TCTA(30 nm), #5414 3
(DEV3) HTL = TAPC(25 nm)/TCTA(10 nm).
T X Lk = RS R ) & G R DA B 1 i R e
PR, B2 AR S b RE ) 2 B 5 5 T X NUV-
OLEDs # 4 1y & 6P fig A B K ny 52 mm, Horp
DEV3 R[] B SR AR 541 ) B BUR ERR 5 B s 1
e ERRE M. A ORI I A R L JE 2 0 S8
W AR WA FEA KL (online).

E 4(a) /R T #4844 DEV1, DEV2, DEV3 f#)
HLJIL 2 B JBESMINEE R VAR fb £, A 4(a)
AL, B F TAPC % /7GR & T TCTA, fif
73 DEV1 £ B /N 25 4 LB 24 5 im
JE 2 10.5 VB, DEV1 [ B i % B i K ik 2
869.7 mA /cm?, 33X [v] B, 158 B i) £ 14 B 8 FH 1)
BB R MEIEF L. FHILZ T, BT TCTA
MR 2 OB AN, [RIFELE 10.5 V IJHLET,
DEV2 [ HL i 2 BEAUA 359.6 mA /em?. X DEV3,
H LViigAF DEVL 5 DEV2 Z 1], #5455
T, B 4(b) R T 3A-ZR AR ST D% R RliSh
T VAR IS, x0T WoB B OLEDs 1Y
WF5T, 30 F RS LokFRma 0 EL 85, 0
Xf T NUV-OLEDs i &, H T & 5tiEh Rk —
BRI T 400 nm LA T I9E4MEX, o
¥ L3328 NUV-OLEDs HEUE GRS IR E
ANKAE B, PR A S8 v AR ST D% ROk FRIR A%
PR, 5K 4(a) RRIAGE, 45 DEV3 1
N HLBEIS 5 T DEV, {5 738 i K48 S o R L
AHIE, #RHEE T 38 mW /cm?. %} DEV2, g4
RS IIRAAT 22.6 mW /em?2, Bl 2% T DEV1
5 DEV3. El 4(c) LI T 3 Mt sh & 7308
EQE B i 5 J AR e 2. Ak aards i,
T BCPO J& THOUM K}, 51 ET BCPO 1)
NUV-OLEDs ] EQE FFR>% 3.75%. W&l 4(c) fir
/N, DEV3 R IEECR i, EQE,, i85 2.98%,
WS T 28 RS, DEV1 i EQE,,. 153 2.69%,
i DEV2 1Y) EQE,.x RA 2.08%. & 4(c) B 1)
SERPIH, I TAPC/TCTA M2 F UL 244
J&i, DEV3 HHLFR128 /SRR 3R 1 1 A FA&
T, AR R0 KOG I T AR S RO
s, AR TR 2 AR B 0 RO TR
YEH, $Enan i LB OERCR. B 3 e
BRI RESEL, AR SSHIE V,, I KRS
R Ry AR KAME TR EQE,,,. 51 T3 3 .
£ K BCPO #4) EL Y&k 5 PL GI%AIXT L, LA
R B G BE R, 1F WA sE AT R B 1] S2.
K S2 Al WL, #RFE ELOGiES PLOGIER A KK
By 250, 2P F 2 F1E 3 m] A1, PEDOT:PSS,
TCTA A] 38 /b 10 3 8 Wi, 1 1TO AT i a2
R U I, B4 A EL OB B0 Y 1
BCPO JEW iy PL OGIE JL-F-AAIR]. &+ A0tr
AR R S R R
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900 45
(a) —e— TAPC (b) —e— TAPC
800  —e— TAPC/TCTA 40F  —e TAPC/TCTA
700 L —a— TCTA 35| —— TCTA
& 600 - Z‘T 30+
‘ E
g 500} § o5t
45 400 | BE 20 +
S 300 = 15}
200 | 10}
100 | 51
0 e 0 NN
3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12
Voltage/V Voltage/V
3.5
(c) —— TAPC (d) —2.0 _9.3 —2.19
3.0k —o— TAPC/TCTA i 97
—=— TCTA @ T —29
2T c g2 [« |o
—4.3
. o 9 |<| |E] |& -
X 20¢F & A/ |& ) @) ea) =
<~ — = = M [a W) g <
= - A > 3
<. —48 __ -9
g 15} E
—5.2 =
—-5.5
1.0F —5.7 _
5.76 -5.9
0.5 —6.7
o DEV1: HTL = TAPC
0.1 1 10 100 1000 DEV2: HTL = TCTA
. DEV3: HTL = TAPC/TCTA
J/(mA-cm~2)

Bl 4 BATANIR 2 AR 2 PR R TERE XS L

(a) JVHlIZe; (b) B-VIIZL; (c) BQE-JMiZk; (d) AR 454 1A

Fig. 4. Performance comparison of devices with different hole-transporting layers: (a) J-V curves; (b) R-V curves; (¢) EQE-J curves;

(d) diagram of device structure.

#* 3  HANFEZ AR FPEREX H

Table 3. Performance comparison of devices with
different hole-transporting layers.

AR Voo/V Ripa/(mWeem?)  EQE,,/%
DEV1 3.5 38.7 2.69
DEV2 4.0 22.6 2.08
DEV3 3.5 38.2 2.98

4 ZEHERETH
41 ESEEAETBERHNLER

X} F NUV-OLEDs W, B T 25 T 208
EQE, 7 —E MR bRt s 12 R 5 D)% R.
TEC A s, AUt B4 R R KR A
ROGHR B SR HABE S AR S Lok RN
TR KR A ST, AT DU P — A ey
PORAG R LL R FR T D)%, Bl R = JXEQEX
E;,,/100, HE,, Ras i EL GE DG Fhght.
XA 4 IR B DEVS #5i, TEfm KA J =
730.6 mW /cm?, EQE = 1.67%, E,, =3.14 eV, H
AT AR SRR 0 e K &R D15 K 38.3 mW /em?,

WA 5 H 1 1A 4(b) R B —EL AR
W A BAT B W AR I B K ROE T R 5 Hofth LA
Fe A MR i NUV-OLEDs 528 -7 LK.

1) TAZ J&—Fp i WA 5% 19 9 1 B3 48 4k
RICHEL, 124 B9 2 I Kl 45 NUV-OLED:s.
2017 4%, Zhang 55 ¥ % il PEDOT:PSS/MoO,, X
JZ FE SR 4 BE B 1) 25 7T ARIOCR, g R4 48 o
ITO/PEDOT:PSS/MoO,/CBP/TAZ/Bphen/LiF /
AL ZAHFR) EQE oy i858 T 4.6%, #eFH i KR
BII% Ry = 13.0 mW/em? SR 1fi, TAZ 1Y T,
TR T 70 °C, XX T4k 2 F 0o ks e Ak
ANFI.

2) 2020 4, Lin & P& 0T 964 B & 6 R
Tol-PPI, HHTF Tol-PPI #£Hl#s T NUV-OLEDs,
4544 ITO/MoO,/TCTA /CBP/Tol-PPI/
TPBi/LiF /Al iZ# 4F 1) EQE,,.. i5F 5.43%, #F
Em e KRES R R, = 13.4 mW /cm? {H &
Tol-PPI MK T, AN, SCHGE A 64 C.

3) 2020 4, Luo & M #fi T TADF A 5
B &R CZ-MPS, b A1 5K CZ-MPS $#
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ZF TCTA 55844 B AR M B CzSih, 25445
¥ ): ITTO/HATCN/HATCN:TAPC/TCTA:CZ-
MPS/CzSi:CZ-MPS/Tm3PyP26PyB/LiF/Al, %
P EQE,.. 53 9.3%, H 2 8 SCRIE R
FL AR 5, AR SCHR IR 285 S8 mT Ak B iz A )
KR Ry 2999 29.0 mW /em?. A KK
R DR A E WL AN FEA B (online), Py H
AN e ) 3 i DR A ORI R Rt

4) 2021 4, Zhang % " 3B T 2T 2BuCz-
CNCz ¥ B NUV-OLEDs, #% 14 i £ i[5 k¢ ¢
2BuCz-CNCz #RHBAE CzSi Hh, #b45H4: ITO/
HATCN/TAPC/TCTA/CzSi:2BuCz-CNCz/
TPBi/LiF /Al Z#F1H EQE,,.. 55 10.79%, 3
R [11] 38 B 45 R PTG B g I 0 B KR S )
R Ry 210 49 mW /em?. 7 58 5 2 R (1) A5 5
I RRTEILANTEA B, X — Dy K2 H ETHGE
OB /N1 Sk e NN (I PR T T e b 8 1
400 nm LA T /) NUV %& Ot ¥ 4 76 % 4> 2BuCz-
CNCz 1) EL i i e AUA 29 40%, iX EiRE SR
ST NUV OGRS TR 24 19.6 mW /em?.
M Z T, JAKAE 400 nm U F 8 NUV &O6EH5r
TEEA BCPO 19 EL i+ o5 Hik ) 57%. AHN Hb,
73T BCPO B NUV-OLEDs #$4:, SRS )
R NUV J AR DI Lk 21.8 mW /em?, B
TF 2BuCz-CNCz #3/4.

4.2 XREREHERMXLES S

X} F NUV-OLEDs Wb AL i i, HIEAEL
SRIBFS IR R > 10 mW /em?, H AN g F30%
EQE > 1%, teAbh, S47E &G A T T T
P 9 e M A W L T B Bk T ag A X
NUV-OLEDs fE tERIFFAR LR = . itk A
SR T R AR TR (R =
2 mW /cm?) FE R Y% (Ry = 10 mW /em?) T
&I .

B, ¥/ )& T DEV1, DEV2, DEV3 AKA|4%
) 3 A AF AR LR 58 5 D AR 2 2 mW /em?
(RS TR, I e PR ARp e R DI 254 Ok
B ) ) 2, (TE AR, P 5(a) AT 0L, 4Rt
&R EH 2 mW /em? 48 %00 2 1 mW /cm?
i, DEV1 & 19 & 6= 2 58 h, DEV2 &+
F) &G 2 70 b, 1 DEV3 B & 62 w1k
F|4) 114 h, L5 T DEV1 H1 DEV2. [Aif, 4854

B ZE 1 mW /em? i, DEV1 1 & ' 5 I
F N 8.06 uW/(cm2h), DEV2 1Y %& ' 3 il 8 R
M 6.77 uW/(cm®h), 1] DEV3 [ & YT R N
3.65 uW/(cm?h), ] i 12 F DEV1 #1 DEV2. Tfij
&, K4 E T DEVL, DEV2, DEV3 AJa|45H4
1493 A~ a1 ) 46 48 56 20 R R 2 10 mW /em?
(R o2, A ORFFE A i8] 5(b) AT,
A B KOG ER B 10 mW /em? 2218 3 98 2
5 mW /em? i}, DEV1 #4141 & 6 = 12y 25 h,
DEV2 g {F i &6 12y 22 h, T DEV3 #8344
() % 62 WA 3 2 65 h, FEEMH B 5 T DEVL
1 DEV2. [f]if, 4 & 15 &L Il 2 5 mW /cm?
i, DEV1 {9 % 6 5 sl # % 86.3 uW/(cm?®h),
DEV2 [ % Ot % 18 % 4 73.2 pW/(cm?h), 11
DEV3 [ & G I % 28.5 pW /(cm?h), [FI#E
W 5.1% F DEV1 1 DEV2.

2.0 (a) —s=— DEV1, HTL = TAPC
: —— DEV2, HTL = TCTA
—— DEV3, HTL = TAPC/TCTA

R/(mW-cm~?2)

0 20 40 60 80 100 120

T/h
104®) —= DEVI, HTL = TAPC

—— DEV2, HTL =TCTA
—— DEV3, HTL = TAPC/TCTA

R/(mW-cm~—2)

0 1.0 2‘0 3‘0 4.0 5‘0 6‘0 70
T/h
Bl 5 DEV1, DEV2, DEV3 7E P R i AT i £ e o
X (a) Ry = 2 mW/cm?; (b) Ry = 10 mW /cm?
Fig. 5. Comparison of stabilities of DEV1, DEV2 and
DEV3 under two constant voltage modes: (a) Ry=2 mW /cm?;
(b) Ry = 10 mW /cm?.
— KA, Al OLED (e P #1 J2 sk xet
e FEAT N e AL S5, 8 R R AR A EE
#. OLED HEALHLHIFEA 7 R ARAAEZ AL A
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&4k B, BT AR AR A48 502 th SRR I = 5
AL A A E IR, BN vl T B AR AR AN -2 | B
ANBIURES | ATE I R s, sk T4 BN SR I
/LR S B AR AR S AT LU X s AT
B AR A A SE T BOABOR E W B AR
AR K L8 S FR PR 2R g A A B T AS i
P B8 e AR TN R N T ) 26 T L BUR G5
FEZ W T R . X T RA Z RN T
OLED kUl Z L] leE R 2%, LUT EZM TAPC

5 TCTA MM AR EB AL LA L | BRSO B

o3 T A5 AR E M 3 T T R 43 B AR 52 56 () N
zE .

e 2 i3], TAPC 5 TCTA WFhzs 7 &5
MEHY B AL AR B T, AH2E3K, Hrf TAPC
(4 T, IWEEH 78 °C, I TCTA B T, A 151 <C,
W1 & T TAPC. FHUMEIY T, iR AR 5 i
MJE R, BRI RS0 H AR 5 R
AL, X 2 BB H B AN G FLAR , RS i
b R AT AR, WA ) LA N K A
12, RS RREYE. & 5(a) HF DEVI R
EMETE 3 kb2, 72K 5(b) th DEV1 2
EHAALE, X5 TAPC By T, KB X

ML 5 AT LA, LSRR A0 46 4 0 ) % O
BTE 2 mW /cm? i, DEV?2 8 E ML T DEVI.
H Y &84 000 46 e 50 2 2R 4 s 7 10 mW /em?
fF, DEV2 #7810 &6 S0 T B, TG B B i &
JEREVE FEH B M T DEVL. H & 3 AR
L-V & mr W, S48 &5 4 I # 7E 10 mW /cm? i,
DEV1 fifsHE#) 8.6 V, DEV2 fasi[E4) 10.0 V,
DEV3 Ilifs L E2 8.9 V. DEV2 T B K1 HL &
IXE, X ORI RRE MR RN IS, TAPC
) LUMO REZ 2.0 eV, 1fif TCTA ) LUMO #E
%023 eV, 2] TAPC tt TCTA A HEIHH T
FHLESRE . M TAEA S g6 H ffi 1] PEDOT:PSS %
GWIE R 2 TOEAR R, SO E R 2 UL 2
IS ARG 128 AR AT FREPY RE . LT A
SEYR RPN, Zeas o\ A 2 ik Y L d ST R
I/ PEDOT:PSS, (13K G L b5k 2t
B O, S JE - 2526, —J7 i, fh2f kWi S50
PEDOT:PSS 9873 A%, BE A28 T 44 B T R
AR T MR R 2 o e 5 — 7T, R
PEDOT:PSS B O, S T4 525 5k
MR R A SE AR . LA BN R R AR B A S

TUREAS TR /28 7 AL K 2 T BT A5 4
I, $ A AL AR LUMO REZL R 7 &, 3
5 25 AL 2 W HL T BEAY RE T, X T4 OLED
e MR R IR AR

B LR ZSE, AL SRR T 1R RS
S M 2 1l 24 g 1 5 A (R R AR AR SR, et s 21
) Ak i B2 5 A HL o F 1 Ak 2% 5 g 5 BB (bond
dissociation energy, BDE) % YA 5¢ 2427 [&] 6 &
N T TAPC 5 TCTA o FAETHARE T E2H
C—C #t5 C—N 1Y BDE, BUHZ%3CHk [28-30].
£ TCTA 4+ F I, ®% C—N # /) BDE ${H /&
2.36 eV, IX—HEA S, £ TCTA 43 FIFAKER
. i TAPC 2 FAETHRETF C—C#t 5 C—N
B BDE BUEIITE 3.0 eV LU L, WP HAL R &
PEOET TCTA. SR1 24 TAPC 701 FAE G237,
ST TR AT IR, Dong 45 29 353 DFT
PR LI, 24 TAPC 3 T2 i BHES T (HEHFIE
HLf7) B, B % B @S C—C 4 BDE H4
BUZ 1.40 eV, FERHFRIET Tid R ) & Ak F
ST 40 R O e Y, A H 3. Dong 45 29
X TAPC #EHA A2 E A R P= AT T SE 56
W B HIESE T4 F0 H i BEMAETE. AL T BDE
HAE, RSz S B 2
Ty RN, 2 H AT O R T LA
PR IR LR 7. X — A% NUV-OLED #4%F

/@W@\

D: 3.10 eV @: 3.30 eV
@: 3.12 eV @: 3.53 eV

Q TCTA O
o "~
T
@ ® 2.36 eV
© 4.75 eV
Bl 6 TAPC5 TCTA W5 T 45+ 5 L= 4 i 2 e

Fig. 6. Molecular structures and bond dissociation energies
of TAPC and TCTA molecules.
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W™, TR URZ 2 2R T ROk
2RSSR R Z T, AYM R Z 3] 4%
ST IR, W B s L R R &
A, 25 R 2 N T SRR RS T
AR A RIS BB L, B2 NS 7GER
SR T 5 W i P ) %) 200 A% . s o fe
)2 ) B2 P R A el S ) 2 i — 2B
AR R G, T R &2 N AR R
W2 G REEE R EECERER. 5 TAPC ML,
4§ TCTA W% 7GERRA FILH, A2 TCTA
AR E AT TAPCRL

L5V BT, 5 DEVL #1 DEV2 A, DEV3
FERI A T TAPC 23 5 GE R R | TR EY
RE BRI S TCTA B bR & | fh2ea5 i
TP, PIMERAS T SRR e 1.

A SR B8 BRI /N 43 F BCPO A i 56
NI RE, §il4 T 3T BCPO A GJE BT 44
OLEDs #ff. h T G mAEM ae - vEge, XT e T
TAPC )2 | TCTA HZ | TAPC/TCTA M Z =%
TAL AR AR LI 5 AR SE . SR 4 R SR
i, Rl TAPC/TCTA W2 7 A& )2 454, BERE
RAFEAF ()28 AR R, TRt BB Ay - i 2%
i 52 R e S 2 A, 500
1) SC Rk 42 38 25 S AH E, A 5258 b i o £ Y LT
BCPO % Jt#) NUV-OLEDs #$1F, ELA & K148
SR BRI SN & L, B R R Uk
MR, DU SAF i As e vk, B ATERxTiT 5241
AL CESAF B SETERRL TR A& 4 3 i
HRIAR T R AR, AR IR T AR
BN I SN AL T2 AT A 4 R AP AU S
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Abstract

To date, in the traditional method of obtaining near-ultraviolet (NUV) light, mercury atoms, which can
create a highly toxic heavy metal contaminant, have been used. Therefore, it is an important issue to obtain
NUYV light by using new environmentally friendly devices. In the last decade, the fabrication of near ultraviolet
organic light-emitting diodes (NUV-OLEDs) has become a research hotspot in the field of organic electronics.
However, when the electroluminescence wavelength is extended to shorter than 400 nm, higher requirements are
put forward for the materials used for each functional layer in these devices. In this work, a wide bandgap small
molecule material of BCPO is used as the luminescent layer. The electron-transporting and hole-transporting
materials are determined based on the overlaps between absorption spectra of these materials and emission
spectrum of BCPO. And NUV-OLEDs with electroluminescent peak wavelength at 384 nm are prepared. By
using the optimal device structure, the maximum external quantum efficiency of the device reaches 2.98%, and
the maximum radiance of the device reaches 38.2 mW /cm? In the electroluminescence spectrum, NUV light
with wavelengths below 400 nm accounts for 57% of the light emission. In addition, the device demonstrates
good stability when biased at two different constant voltage modes. The multiple key factors which affect the
stability of the device are analyzed in detail. Firstly, it is found that the high glass transition temperature (7})
of hole-transporting material is very important for the long-time stability of this device. The poor device
stability is closely related to the low T, temperature of hole-transporting material. Secondly, due to the
widespread use of PEDOT:PSS as hole injection material in OLEDs, the electron leakage from the hole-transpor
layer into the PEDOT:PSS layer may cause significant damage to the conducting polymer. When bombarded
with low energy electrons, bond breakage occurs on the surface of PEDOT:PSS, followed by the release of
oxygen and sulfur, resulting in changes in conductivity and oxidation reactions with molecules of hole transport
material. Thirdly, the photoelectrical stability of organic molecules is the most fundamental reason that restricts
the device lifetime. The aging process of material or device is directly relevant to the bond dissociation energy
(BDE) of organic molecule. Generally, the BDE value of organic molecule is not high enough. As a result,
molecules are prone to chemical bond breakage during electrochemical or photochemical aging. In summary,
highly stable NUV-OLEDs should be fabricated by using hole-transporting materials with high T, temperature,

sufficient electron-blocking capacity, and large BDE value.
Keywords: organic light-emitting diode, near ultraviolet light, radiances, external quantum efficiency
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