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OLEDs £ AR, ZOGHEK BB P 2w WL
JCLAAM LA 5 25 A B 108, Hovp ) 3 SR AN L
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o 238 TIN5 09 TE Al BR A RE, 38 T DL RRGHE d 1F 45
. Hor — oA O R R BT T B 2 S A b
B Bl AR AR, BB J U AL A R, LA
BRI AT R 2 G X 0619 ARG 5T
223 O-[3-(OH-PRIE-9-3L ) K3 |-3- (AR HLBE A
F)-9H-IEE (mCPPO1) 1l M52 XU AL Hi b1kt
PR3 - e [ B, 3% 28 A i BT (R ) R HL
et o0 CREEER), mCPPOL # WA = P fE
R W5 OLEDs i XU M R 44 8}, Jeon 45 20
HIAE L T A i 0K (external quantum
efficiency, EQE, fa#5F & S5 b 3 Az +
B E S ) Mt 20%, FLTERE M52 B R IR B/
MR OLEDs. HlZh i CH#TE T mCPPO1
T NEE S5 FE (highest occupied mole-
cular orbital, HOMO) SHARA S FHUE (low-
est unoccupied molecular orbital, LUMO) 43 &
Gy, LA AR S 14 25 /ORI EL T U A% i BE
Wang 45 P11 R mCPPO1-TcTa[4, 4/, 4/-= (kM-
O-5L) = ORME | R, BT A [2-(5-F K4, 6-
TUHCORIE) MERE-C2, N)| MERE P BE A 4% (FCNIrPic)
VE R 5 1R, Sl VA0 T 2% 5 #55% OLEDs,
ARCPHE T B IS TR, WA T
PFRCR. XL Sk P LUE ), mCPPOL #fi S HA
oS BB AL SRR . 75 4b, RS A mCPPO1
REAE 374 nm Bt 3 & 13 28 4028 5 P2 3 A il
£ NUV-OLEDs #2 it T rI fig, Bl 5 AE T hE
B HAF BRI HR. IRRE R B —Fh LR
& A RHE 24 3] mCPPO1 ARz ilix— Hor, sth
il mCPPO1 7 MBS B Rk Ak

R TSI AR E AR S mCPPO1
TV B RCRE S A3k, 7] e AR B B0 A R vl
5 mCPPOL 7= A AN I R AL 2, 6-30
[3-(9 H-FRme-9-FL) ZRIE | nkmE (26DCzPPy) S —
T 2 LR APER B, HEBA 5 mCPPO1 AHIE Y
HOMO 1 LOMO R&8, Hmesk A4 {2 UL i fe
77, MEhE S A S e Re T, BTz T
WG M B B 5 W At A b PO 26DCzPPy fig
5 Z R AR BHE B 8 R R S 129, R
HAR MRS, L mCPPO1L 1R R &k, 152
ANIFHREER 26DCzPPy JE L5 2% Wi, vl LAFE
4 NUV-OLEDs ) &% )2. 54l mCPPO1 M I,
2 S R T WA o = 10 2 SV 4 7 iR R
RN )2 - L AT 2 T HE AR (R [R] B A S F

AL E ARG SR A G AOCR BB TP, M
PR I ROLRCR.

2 HUHWHEFNE

OLED #fF#9 K OEHLHI A FES i H 4K 3 T
MBS R 23 1 5 F A ZS 70 LT, R
B T4 H X RITEA R S EZ E 10T, &
LAE K IE)Z (emitting material layer, EML) H14H
I T, 5O A TR RS, B, Mk
B TERIER M, IF LUE TR RE &, 52
PR S4BT LA, OLEDs 4544038 & {2 & BH .
B S 22 JZAT B BE MR, ASWF5E ] mCPPO1 1
HRIGZ, H HOMO BESETR, bt a4ty
T, HEINRA I B R | B 288
A AR (indium tin oxide, ITO) F 74k
H 5 min, $ i eREL, A= TOEARCR, R
VRN BB SRz AR BR T 20OLE mCPPOL,
HAtA VRS =X h 2R O (PVK) .,
23 AR G B A TSR 3, 3 (9 H-IEWE-9-
£5) WK (mCBP). #2241 Kl 26DCzPPy ., ML T 1%
i e 2= SR 3, 3-[5-[3-(3-MHL e ) FR L (1,
113" 1-Z B -3, 3"- 3 | kg (TmPyPb).,
LT TEAJZ 8- BLWE -2 (Liq). Fr A ArRHE
B2 s THESE Al b 3, 22X T 99%.

TETS R oS (<2104 Pa) 35N, &£ )2H
GRPE T 2R DU E 225 TS vk S 58 Ah- 1 4R,
AEFRAYBEES /TTO M 1. B PVK 4h, S HPLIREZE
L4 T BN i AR AR . e e T AL
4l mCPPO1 i #34 ITO/PVK(30 nm)/mCBP
(10 nm)/mCPPO1(35 nm)/TmPyPb(30 nm)/Liq
(2 nm)/A1(120 nm). 26DCzPPy ) HOMO fig 4%
5 mCBP AT, 1T LAEU mCBP Ay 2 AL i By
B, BT LB 2kas PFEEH O TTO/PVK(30 nm)/
26DCzPPy(2%):mCPPO1(35 nm)/TmPyPb(30 nm)/
Liq(2 nm)/Al1(120 nm), HH 2 = 5, 10, 15, 20, X
% 26DCzPPy £ mCPPO1 H B 2L 4351

NIFTEB AN B TR A, ki w5 1
e, A145 25 7C-only {4 ITO/PVK(30 nm)/
mCBP (10 nm)/mCPPO1(35 nm)/MoO3(1.5 nm)/
Al(120 nm) HITO/PVK(30 nm)/26DCzPPy(2%):
mCPPO1(35 nm)/MoO3(1.5 nm)/Al(120 nm),
= AL (MoOs) 2 T A B THEA; B
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F-only #% 4 ITO/PEIE(20 nm)/EML/TmPyPB
(30 nm) /Liq(2.5 nm)/A1(120 nm), TmPyPB {E}
B A GG, TR X TR EML
4 mCPPO1(35 nm) Fl 26DCzPPy(2%):mCPPO1
(35 nm).

OLEDs VEREN 5 (V)-HIRE B (J)-
AT (R)-AMETFRCR (EQE) fhzk, FalotEik
7 (photo luminescence, PL) Jti, HLEUA I (ele-
ctroluminescence, EL) Y63, DL KBRSt (tran-
sient fluorescence) HE I HZK.

3 ZR5%
3.1 EMEEESH

£ NUV-OLEDs 1, i T it 5661 e
HROR, it DABE 1 B 58 B2 SR M B REJZ A ELR
B i B O A0 P i A i A L R4 bR AL
I, VFZAELL 446 OLEDs i FH Y v faf 4 4
FREHE NUV-OLEDs FAS 5 .

e 1 Ry S B FH R A A M R BE A
R v B DL K 3% B AR AR Ui FE A SR 3 Tl g
2 S A ORE 0 3T B 9 B AR LR, 1E B AR T
mCPPO1 ) NUV-OLEDs #. & 1 451 T PVK,
mCBP, TmPyPb, 26DCzPPy 7 & 1 W Y S 3%
LI K mCPPO1 MY PL & 5615 . AT LIFE
PVK, mCBP, TmPyPb fil 26DCzPPy 78 JIx 1t 1}
OIS S mCPPO1 & SHGIE M E SR . IR
2 LR E A DIRE AR, 22T mCPPO1
R AR SR R D

1.0} —— mCPPO1
—— PVK
0.8 —— mCBP

—v- TmPyPB
0.6 | —— 26DCzPPy
0.4

0.2

Intensity/arb. units

300 350 400 450 500
Wavelength /nm
% 1 PVK, mCBP, TmPyPB, 26DCzPPy i 5 i) W2 i St
WA mCPPO1 W I %2 51t 1%
Fig. 1. Absorption spectra of PVK, mCBP, TmPyPB,

26DCzPPy thin films, and emission spectrum of mCPPO1
film.

F 1 TIPS
Table 1. Key parameters of transport materials

used in this research.

PRAFR Brovo/ Euovio/eV EyfeV u/(em®V 1) T,/C

PVK —-5.8/-2.3 3.5 2.5x10° 200
mCBP 6.0/24 3.6 1.0x10° 92
TmPyPb -6.7/-2.7 4.0 1.0x10°® 79

Kl 2 MET 4 mCPPO1 #4 1 EL il (a),
J-R-V ik (b), EQE-J £k (c), DL K #2F 4%
JZ R GUR R E (d). BFFE T WG B OLEDs,
W H AL (luminance) 2K R 7R #8141 EL 538
fH NUV-OLEDs 1R K —#B 73 & 5 S i o7 F I
400 nm LR ERAMEIX, FH3E B R LUK G RE
TIAKIEF, HSEA SR SR D% R R FRoR.
JF 42 HOMO/LUMO VUt 56 &, 23 7 FH)
il PVK/mCBP &% E A £ &2, BT M
M2 Liq/TmPyPB {EAHELENEE RXEE, N
sS4V 2 )

WE 2(a) Frzs, #f7E s n s R T 8 5 Be g
SCELRRSE L EUE O, BEL BN T 374 nm, 6E
5 PLOGIESA —2, I BAE T AR R B AR 0
SR 2 P AR & A, W] mCPPO1 Tk
SHNROGATAT. SR, FoH 2= SRORRHE (18 2(b),
(c)) AHAH. & F RIS 52 H K (turn-on voltage,
Vo, AWFFEHE SO RS DIFKF] 0.01 mW /cm?
Jr TG L) Rk 4.5 'V, B far T A TR 55 i
22 B KSR A 11.26 mW /em?, KA
TR (EQE,.) N 1.6%. BfiZ fL 2% B K, 5L
RIRWE . LR B IR IEH 543.11 mA /em?
EQE C =M B WILRER 40% LT,

h T BCGE AR SRR RHE, 5] 26DCzPPy
(2%)mCPPO1 BARIAR (x = 5, 10, 15, 20), 45
UL 3. WKl 3(a) Ui, FHE T4l mCPPO1 #5#+4F,
B AR WEE F AR AT T, ORI 2RI T
PIBH. BEZ = M 5 3 10, B4 HL i 28 B E— 2
Tk, oL W A 2 701.8 mA /em?, S AR
PG (B AR R B e = & 15% 5 20%,
HL I8 285 P DA AL B T 11, AT BB PR kit 2 148245 |
A THHMYHZBART, Hfar 5128 RE 18k 59

P R-V R (I 3(b)) AT, A% 45 mC
PPO1 a4, 288 i 0 f 4 S D R AR AR 3] T 4%
1. o U (R 5 SR ) R B A 45 2 vk B (4 T S T
K, 55 L B AR AL R AR DL, B 24k B R 10%,
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of ‘.;
, , , , Obmmmmmnnnnsssssds , L do
350 400 450 500 0 2 4 6 8 10 12
Wavelength/nm Voltage/V
2.0 () —2.3 eV
- -
(c) mCPPO1 2.4 e\/'72.63 oV
—2.7eV
.—I-Il\.,.\.\. —29eV
1.5 .
]
X PVK
= 10l mCBP| 3 —4.3eV
g \ WIHRITO % 2 | Liq | BiRAL
—4.8 eV F DE
0.5 —5.8 eV E
—6.0 eV
—5.7TeV
0 : . . . —6.13 eV
10-1 100 10! 102 103
J/(mA-cm~—2) —6.7 eV

E 2 4 mCPPO1 #{41 EL Y& 3% (a), J-V-R £k (b). EQE-J £k (c), L R8RSR (d)
Fig. 2. (a) Electroluminescence (EL) spectra and photographs, (b) J-V-R characteristics, (c) EQE-J characteristics of undoped

mCPPO1 device, as well as (d) its schematic energy-level diagram.

800
(a) -z =5 60-(b) ez —5
700F " e 4 — 10 ° DE
600f —©-a=15 50 —o-z—15
oy —0- =20 o o % =20
: 500 : a0k
2 400 2l
= g
< 300 £
= = 20t
200
100 10+
0% = 0 2000RAQOS e
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Voltage/V Voltage/V
40 d —2.3 eV
(©) (d) —2.56 eV
SOV 2.7 eV
357 —2.9 eV
—
o
&
S 3.04
E PVK ‘é —4.3 eV
g 25 FHRITO o @ Liq | BItRAL
' P E—— >
z=5 —48 eV N g
—— =10 (D) E
20r  o-gz=15 2
=0 —5.8 eVi-45 5y 57 eV
1550 : ' - . Z6.13 oV
10-1! 100 10t 102 103
J/(mA-cm~2) —6.7 eV

B3 AREEGZEEN J- VI (a). R-V I (b)), EQE-J 14k (c), AR #HBELL (d)
Fig. 3. Characteristic comparison of J-V (a), R-V (b), EQE-J (c) for devices with different emitting layers, and schematic energy-
level diagram (d).
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R TR IAF] 57.84 mW /em?, KIMLAMFT
BT INEASE SRCRIR BRIV, 5B
T RO A 15% F1 20%, 65T )2 1 P
T, 5 Vi AR LB, RO R
ERB R R R EGE 2R R, 8T kR
SIE A, SR T RESIEKR, BRI
R RE.

26DCzPPy HJ4B2% B i /-4 i 5% &7+ 10%,
EQE 27} (WL 3(c)), EQE a0 X 3RAEH (3.56%).
B2 8 10% #E 15%, #4176 I
BIE M S W% E TR 2 668.5 mA /cm?,
WEEAE 2 YRR R W 2 51.97 mW /em?, e KAh
ETRCR EQE, 0 N 3.27%. X R, BkEBIT
T VAT, B35 TS G850, %
RNDHR TR, B s B — L 2 20%, 4%
A BB Ak T A L D PR AL 9 R B & 574.1
mA Jem?, WEH £ T R BTE £ 32.01 mW/cm?,
B RIME TR EQE,,,, WK F] 2.83%. LT,
i 26DCzPPy 24114553 AH B AE 1S5,
1 AR R AT URE AR I . A1 G 5 DA LR
SeMERESHL, WG sV, B KRS IR R,
IR KIME TR BEQE . F1 T3 2 1P 255
JAsEH R BT A FRHOR 3 AN KSR,
AT 10% B2 i 4.

%2 BARREE IR L

Table 2.  Performance comparison of devices with differ-

ent emitting layers.

ERE Vou/V (m%?;ﬁl ) QP /%

mCPPO1 4.5 11.26 1.6
26DCZPPy(5%):mCPPOl 3.5 41.14 2.94
26DCzPPy(10%):mCPPO1 3.5 57.84 3.56
26DCZPPy(15%):mCPPOl 4.0 51.97 3.27
26DCzPPy(20%):mVPPO1 4.0 32.01 2.83

B 4 XT T BHARFE R CEEEE 8 V LR
TR R GRS, N LA TFIRIKE » =
10, 15, 5, 20 fi4li mCPPO1. %Kl ¥ 4 mCPPO1
PR R B SR EE N 1, M T IA— LA . B
26DCzPPy 48 7% i it 73 B 0 34 2 20%, #4+fF iy
HLEUR O ETE AR IE AR — 2, R STy
BILVPA KA, 0 F 2 374 nm [, X%
26DCzPPy B4 R AE Koty ##4 & FH &
ZORIET mCPPOL. fHEL AR B A2, 10% B 4:

IR KGR e, 5%, 15% 1 20% B 44 14
2. Ui 26DCzPPy B4« £ T mCPPO1
JE L) SRy oA S+ 2 AT, ARB AR
RGiEIE.

1.4} —xz =10

1.2}

1.0

0.8

0.6 [

0.4

EL intensity/arb. units

0.2

0F

320 360 400 440 480 520
Wavelenth/nm
K4 ARREROGZ 8 BUROLIE
Fig. 4. Electroluminescence spectra of devices with differ-

ent light-emitting layers.

3.2 BIEIBETEESEFTARNEEER

R TSR AN SO 2 rh B 1 A AR
FHPLER, R 5T 1 Bpf s o R HL 0, X e
J-V AL, 255U 5. T RLE Y, 4 mCPPO1
RICR A, s s I F TR 4 o S A
3 T, BRSO L
K 1.74x10° mA /em?, B T2 0 i R LT
FEHR 2.16x 10> mA fem?, i % {478 T AR 2
25O, AR X R A TS o ] e
BRI 800E  HRCR TR G

WE 5(a) i, X451 A 26DCzPPy 1E N5 44
FG, BB B AR ISR, BB i 2
NS T BRI . i8R 80 20% B, i
THL I B T R 1.49x10° mA Jem?, LB 4R
R PR RERON, 5 7 ¥ IO P BE BTl R RGT
FEARMESZAM . AR -2 FL U B U s T
BRI A2 A katse (WLIEL 5(b)). $82% it 4341
5%, R B TR 3.33x10% mA /em?.
BT 0N E 10%, KBS E#E—5 LTt
F| 4.57x102 mA /cm?, B} 26DCzPPy %58 1) HL T
PRt A A R AR A BOR AR B k. 5
B AR BEE 15% M 20%, &Z6ZE N
REZTC PG N, o A& 38 A i 1 A2 22, de (i
KHLTL R BRI T B, B4R EE 20% B, J-V itk
Ca 5B AR
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400 &z =10
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300 b ~0-x =20
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100
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Kl 5 AR RA G (a) FIERRFEE (b) #9 -V gk
Fig. 5. J -V characteristics of hole-only devices (a) and elec-

tron-only devices (b) with different emitting layers.

J T T A, SRR R OCZ A T
5] 3 B EBUR IR, R e B8 R Eiot
RCTEW R T LHERE R T IS (X TR
&G R, R BT A i) £ AY), 2
RILE 6. IAAKXH

104 K

103 F

102

PL intensity/arb. units

101 F

100
t/ns
F6 IR & G2 % 4 i 1) 23 B 3R O 1 48 B
PREL A
Fig. 6. Exponential decay fitting of time-resolved photolu-

minescence (TRPL) spectra for devices with different emit-

ting layers.
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Table 4. Initial parameter values for device stability

testing and device half-life.
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mCPPO1-based near-ultraviolet organic light-emitting
diodes by doping 26 DCzPPy

LI Changxing ZHANG Yong LI Guoqing'

(School of Physical Science and Technology, Southwest University, Chongging 400715, China)

( Received 2 February 2026; revised manuscript received 13 May 2026 )

Abstract

Near-ultraviolet organic light-emitting diodes (NUV-OLEDs) with emission below 400 nm are promising
candidates for compact ultraviolet light sources, yet their performance is often limited by the scarcity of efficient
wide-bandgap emitters and the presence of severe charge-injection/transport imbalance. This work demonstrates
an effective strategy for optimizing charge balance for NUV-OLEDs by exploiting 9-[3-(9H-carbazol-9-yl)phenyl]-
3-(diphenylphosphoryl)-9H-carbazole (mCPPO1), a bipolar host widely used in deep-blue phosphorescent
OLEDs, as a near-ultraviolet fluorescent emitting material and by introducing a bipolar dopant, 2,6-bis
[3-(9H-carbazol-9-yl)phenyl|pyridine (26DCzPPy), to regulate carrier transport in the emitting layer. All devices
are fabricated on indium tin oxide (ITO) substrates via high-vacuum (<2x10™* Pa) thermal evaporation. A
reference device employing neat mCPPO1 as the emitting layer exhibits a stable electroluminescence peak at
374 nm with negligible long-wavelength parasitic emission; however, its electrical and efficiency are poor, with a
maximum radiant power density of 11.26 mW/cm? and an external quantum efficiency (EQE) of only 1.6%,
showing pronounced efficiency roll-off. To address this limitation, a series of doped emitting layers,
26DCzPPy(2%):mCPPO1 (z = 5, 10, 15, 20), is constructed, where 26DCzPPy also serves as a hole-transport
“ladder” due to its matched frontier orbital levels relative to the adjacent transport layers. Systematic device
characterization, including current density-voltage-radiant power-EQE measurements, electroluminescence
spectra, single-carrier devices, and transient photoluminescence decay, revealed that moderate 26DCzPPy
doping markedly enhances electron transport, mitigates interfacial carrier accumulation, and broadens the
effective recombination zone, thereby improving exciton utilization. The optimal doping concentration is 10%,
at which the device achieves an EQE of 3.56% and a peak radiant power density of 57.84 mW/cm?, while
maintaining high spectral purity; the integrated spectral contribution below 400 nm reaches 68.37%. Transient
photoluminescence analysis further shows that the exciton lifetime increases from 15.38 ns (neat mCPPO1 film)
to 23.28 ns at 10% doping, indicating suppression of nonradiative decay channels and improved carrier balance.
In contrast, excessive doping (=15%) introduces additional energetic disorder and loss pathways, leading to
reduced current output and degraded efficiency. Finally, the stability of the devices was tested. Compared with
the undoped device, the doped devices showed a substantial improvement in stability. These results verify that
dopant-enabled carrier-balance engineering is an effective route to enhance NUV-OLED performance and

highlight a practical approach to repurposing deep-blue bipolar host materials as near-ultraviolet emitters.
Keywords: near-ultraviolet organic light-emitting diodes, doping, external quantum efficiency, charge balance
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