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I RE R A MLEE A R B RERR A, EL A LAY R (OLED) H 58] 17 . A 3CH
— B 2 v AT A ) 2,27-(2,5- T AR L -1, 40 T L ) RS- 2 Tk A E bk (MPV-AQ) [R] I 4 &k
BRI FAE H b R, BF5E T B 48 OLED #3F i a S fBe Stk L. AR Z 3, A5 T NN-Z (Z5-1-
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HFEAEI MPV-AQ 2, X5 MPV-AQ P F 45 4 HL T L) Richardson-Schottky (RS) # L F & §F 13 A 7 205¢
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T A JE B R ff PR 2R (A5 MPV-AQ E W e & A2 T 25 i, 15 A B — 0 19 B2 b 2R BE B 08/, TS 30T
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WZE5F) OLED [ H - H AR T 17 434, il
TTABIIGR R RIS T GEARSTFA Schottky
% HHHLEE. Koehler 45 22 X A4 /C60 X2 £ 14
[ F - L R SRR MR R A T T RS, R IR AR Y IE )
it 2 23 ] H fap 1) PR, A TN SRy s o ORI 43 ) 7
REWZ C60 JZERL T 2 AIHATIX, FfFEsr T —
A TaT L) 23 (8] B ey BR A FELIE (space-charge limited
current, SCLC) Bi# WIS RS T AbA 1T 3RS
(L - FEL R SE IR 25 . eAh, BRI A L FHES A
SRR 23250 gk R BF 9 AUZ OLED £
M IEARE. 78 OLED #84H, i ZEAR
il R AR, FEAR KRR B E IR T AL A
R AR B R RN, RS TR AL/
A HLFG L/ FAR 42 i o

PRAGAS - R R E R BB LA A1, B
HUEIE (electroluminescence, EL) Il &t & —FF it
5% OLED A A A A7 85005 1k 031 X st
(i8] 73 3 B B A8 4 R B 9 3 PR A% i RN A2
A . Barth 45 P2 JHBEAS EL WH5E T Algs IR
T fE R BT, &I Algy I FER R 5IMNHE Y,
HABME LR, Kalinowski 55 5 i@ 1058 TPD/
Alqy BUZESAIBES EL, 5087 T HA B30 J12447
4, M EL 32 idi th &k kA 7 2000+ 2 & i HHC
{58, THEARR] T X FRUZ ZES 2 & R AL
Griine %5 P4 AR IR BES EL 7098 15T iE
AR RATEALIEIRDOY (thermally activated
delayed fluorescence, TADF)OLED, 5/~ | =
A-ZHELBEK (triplet—triple annihilation, TTA)
X RN AR e, X AP BES EL BoR g
N T sUFAES R RO R A B34,

A SC RS FL - LR R FIBE S EL BRI
58 T — PR A B AT A= ) e v B, 2,
2-(2, 5- " HI I, 4 LR EE) W-8-Z A
FLUER (MPV-AQ) [RIHAE g A AR 115
BERE, N, NCT(Z8-1-36)-N, N- R JE IR B
(NPB) 1Rz UL b E} #3510 7 HA NPB/MPV-
AQ BZZ5HI Y OLED s 4F, 8 o it - FE R e
AT ELF IR S MPV-AQ B AT, g
Wit EL P58 T MPV-AQ By T4 RE S LI
TR E AR, XS MBEESASS G0
PRSI F EA AB AR A & A Y
PR T RRTE, BB NI OLED My a1k
REPE e T AHE B

2.1 #REHIEHE

KR FEEAT AR MPV-AQ #2182 Rij i 5C
BRIEAT G P, o3 AR an il 1 s, b s
WK 35 A 3 3 2R . 2 A SE R RRIE . 7S A% A R
NPB M AR B R A5 B b A A7 R ) I SE
HorF a5 an &l 1 PR, B EAME LIF A
Sigma-Aldrich A FIGE, Bt R 2E AL g
Bidr (Aest) BHECABRA R SE, K220 E AL
B (ITO) BEHL i AL g R A B2 m 3K

NPB

B 1 MPV-AQ Il NPB 14> F 45 # =X,
Fig. 1. Molecular structures of MPV-AQ and NPB.

T, TTO BRI S H 2515 s Uk,
PRI R . S N B A 25 B 77K 43 58 75 10 min, 28
JETESE XA B 120 °C THRE/ NN, BRI
VT 2 4 AR AL 38 15 min. ZEFRS 9 1TO 355
SRR B A PR A, YR SRR
1 x10%5 x 104 Pa W ITIAZRBERS INAEZ, A
MUK NPB Fil MPV-AQ RUZ8 & BOR$EHIE 2 A /s,
LiF M€ & R HITE 0.1 A /s, T Al fUZE & %R
FEHITE 5 A/s. ROFRARLI AL H ITO AL HAK
Z IR A8 X2, K/ A 4 mm x 4 mm. #3
Pl 28 58 B R AR B T B T 5.

2.2 FEEEMHERENEK

A AR S I -H R R R R R Keithley
2400 5. 7EMFAS EL WA, SR AT g A kb &
2% (Agilent 8114A 100 V/2 A) ¥} OLED 24t
TINFETE Bk b e ) Bk b B A0R R 1 KHz, ik Ad 58
BER 5 us, BRI E EL {55 R IR (Agilent
Model 54825A, 500 MHz/2 Gs/s) kil 7R ff
A 50 Q [ A LA — AN GRS (I R) 43 B
F2)h 0.65 ns, AT ACEAFIIERTTT).
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3.1 HERFH|ENER-BESHE
h TSR T ITE AR, & T R T
a e, Hoh B T8RS R O AL(100 nm) /MPV-
AQ(50 nm) /LiF (1 nm)/A1(100 nm), B2 7% g8 1F
454 TTO/NPB(50 nm)/Al(100 nm). #5722
T TR B L - R R R A 2(a) FIEZR, B LA
AIXTEL (InJ) SRR (F1/2) i, 745300
Kl 2(b) Brn B4 3, v LA, fER RS 1V
J& InJ 5 2 2IRARIF I REL R, X RHER
E L LN LiF /AL VEA S MPV-AQ 173 9X
MITO i A Z| NPB ARAF A L & ST RL. Xt
F Richardson-Schottky (RS) #HL ¥ & ¥, H i
J5HY F R ERR A 1
J = A*T?exp [-Pg/(KT)] - exp(BrsF/?), (1a)
Horr A™J& Richardson %480, TRIRE, &5 22
I, Brg=[€"/ (4me,e0)]?/ (KT). WIHLKE A" T2expl-
Dp /(KT LK Jo, W Jo AFEHEG T BT A R,
T2 (1a) XTLIFR K
J = Joexp (BrsF/?). (1b)

A (1b) 2UHLA & 2(b) H g sE sk, T LAFS
F MPV-AQ HHLTERFHY Jy M Brg 47014 2.8 x
10 *mA /em? f111.4 x 103 (V/cm) /2, 1fif NPB #zs
TCAE Jy A Brg 209008 2.4 x 104 mA /em? I
12.8 x 1073 (V/em) V2 HA &1 3]0 Bpg (-5
e, =3 M T=300 K FHFHAE 8.5x 1072 (V/em) /2
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MUZ R CERFEEHI N TTO /NPB(50 nm) /MPV-
AQ(50/75/100 nm)/LiF(1 nm)/ A1(100 nm). 7F
R RUZ A AM IR (V) AT R 2
NPB 2% 7U& 42 193 (V) Al MPV-AQ HL 1%
WZEE AR (V) Z 0, W42 ) o R4 T HOF
¥ 5IR R R, TR LIS

Vapp = Vi + Ve = FiLn + FeLe, (2)
Hrh By A E, 40000 NPB Il MPV-AQ J2BF- 1
Hidg, T Ly, M1 L, 4398 NPB Al MPV-AQ 21
JEEE. @ R MPV-AQ HYJEEE, ] LI43 2] A A
[ 7 FL U B RS A LR B i g B 14 3(a)
JEANA] MPV-AQ JEEREE R L - FU R I 28, 151 3(D)
SR J = 1,10 #1100 mA /em? I V,,, Al L,
EHENER B R WLEXR, BIE (2) AT
LS BN A F, 1 F,. T2 IR 3(a) AT LA 3]
J-Fy, M J-F, th2k, Gl 3(c) Fis.

A (1b) XX InJ-F,V2 1 InJ-F.12 A7 4
WE 4(a) FE 4(c) P, BIAS 70E AR R
RS A F R SIHLHE, Wi FEA S RS B F &
SRR Z AR R A 22, X 5 i e i i
EAMTERAE. BT RS A F K446, Fowler-
Nordheim (FN) F% ¢ 12 200+ 1 A 2R 12,
7E FN BREh J 5 F R38Ry b0

J = xoexp (—b/F), (3)
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Fig. 2. Characteristics of current density and voltage in the electron-only and hole-only devices: (a) J-V curves; (b) In J -F1/2 curves.
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> °®
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Z
3 1of R OQQGP
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[l 3

(a) IR MPV-AQ JE B I BUZ OLED B HLF-HLEFRE; (b) SN K5 MPV-AQ R R LR (c) NPB fil MPV-AQ JZH

IR (B R F,) SRR R; (d) W2 OLED MRER 2510 7 2 K
Fig. 3. (a) Characteristics of current density and voltage in the bilayer OLEDs with different MPV-AQ thickness; (b) relationship of

applied voltage and MPV-AQ thickness; (c) relationship of average electric field (£, and F,) and current density in the NPB and
MPV-AQ layers; (d) diagram of energy levels in the bilayer OLEDs.

Hort xo BT T, bpn=(8m(2m")/2A%2] /(3eh), m’
SEART R, A RSN S, e R
A (3) X In1/F F In -1/ F, - AT LA, 0
FEl 4(b) ME 4(d) BiR, 7 LA B HL 7 A S 4
JE PN BRGARAL 1128 7R AT AR FN R 545
ALl H T FN BRG] ¥, =2.63 x 107
mA /em? il bpy=5.96 x 105 V/cm, #& m'=m, M|
AR by =[8(2m")Y/2A3/2] /(3eh) W] LIS F]
TREFHBEE A = 0.23 eV, X —H 85 IR
T LiF /AL R4k (-3.5 eV) 5 MPV-AQ B #x
2583 (LUMO, 3.2 eV) AEZh [A] i 2.

i 3RS AT LIS AL, FEXUZ OLED , Hif
i LiF /Al 3] MPV-AQ Wi A Jr Uk 17481k, BRI
H LR F 2510 RS A T R 18 T FN RS 2F.
51X —E A B I R B 102 NPB/MPV-AQ St
AR T K M T (FEE2 ), i MPV-

AQ BET &4 T h, WE 3(d) B, XAl
RRRZE R 2 ) AR AR TREZER & 4. T H
BT MPV-AQ [ EF RN (K AE 5 TH R BES
EL #43118), hn iy f e R4 8 MPV-AQ )2
3, BXFE MPV-AQ ZH i 58 KT NPB
JZ (B 3(c)), T A R FRE 20 & A

3.3 BRSHEEZLHEE

H T W E T MPV-AQ Z A& Ll K v,
T 525 R A3 J1%%, 5F NPB/MPV-AQ XUZ
OLED Wyt EL ##47 7K. &l 5(a) 451 T4
[l ok e PR BB AS EL 2k, X HL NPB #1 MPV-
AQ BYEJEYI A 50 nm, HENKSE N 5 ps. ATLLE
#|, EL 5k Z A —ANEIR B E] ¢, 11 BB
FL PR3 K ¢ AN /N, 3 2 3R ) ) 32 22 oh 20
THEAHLZ PG E, 78 NPB/MPV-AQ X
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4+ J= JoeXp(,BRSFl/Z)
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0or @
0 100 200 300 400
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5
(c)
4+
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o

800 1000 1200 1400
F;/Z/(v]/z,cm—vz)

(b)

InJ/(mA-cm~2)
[\v]

0 1 2 3
Fi'/(10-4 V-1l.cm)

(d)
J = xoexp(—brn/F)

InJ/(mA-cm~2)
%

0.5 1.0 1.5
Fz1/(10-6 V-l.cm!)

E 4 NPB M MPV-AQ EF M58 (F, M1 F) AR (a), (c) InJ-FV2#iZk; (b), (d) InJ-F ! #iZk
Fig. 4. Relationship of current density and electric field in the NPB and MPV-AQ layers (F, and F,): (a), (c) InJF'/ curves; (b),

(d) InJ-F! curves.

0.08 6
(a) Vapp/ V' ta/us (b)
15 0.46 sl
£ i 14 050 =
g 006 13 0.54 .
8 12 0.58 Toal °
g 11 0.66 g )
= 004} 10 0.74 g
G 9 082 s
g 8 0.90 3
£ 7 1.02 =
0.02 | 6 1.18 =
2 ’ 2
=
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0 2 4 6 8 10 1000 1200 1400 1600
Time/ps F1/2/(V1/2.cm=1/2)
B 5 (a) XUZ OLED %4 EL Ffi 8 )T B9 28 4k, Hodh NPB #il MPV-AQ B9J8 #8% T 50 nm; (b) MPV-AQ M 7T B R 5H 5%
VLB

Fig. 5. (a) Voltage dependence of the transient EL from the bilayer OLED with the same thickness of 50 nm for NPB and MPV-
AQ; (b) electron mobility of MPV-AQ as a function of the square root of electric field.

J2 OLED 1, i T NPB ) 25 /X £ i it MPV-
AQ RYHLFAERIR, FTLA tg v LK J2 fL - AR
F| NPB/MPV-AQ FTa (1) e s [a] | 3 A5 58 7T DA
MR MPV-AQ W FEBR. TR LR
KAu = L) (4,F), XH LA F435] 8 MPV-AQ
HERE L, Mg F, R L, F1 Ly, AR H
F, it KT F, #1 (2) X118 F, = V,,,/L., TREH

FIEBRAURR U = L2/(14Vayp)- B 5(b) 2
THHEAFR MPV-AQ BHL T2, ATLIE FIH
FIEBRAE 4.0 x 106 cm?/(V-s) Z247, IFHEE
it B W BE I 202 34 0, 35X 5 R ZHA ML SR
MR PETARL.

TE X il Hy 23 ORI L - A% i )2 20 Y pn Y
OLED H, i H ARy 2 7 ORI 178 ) S b AR 2
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Fig. 6. (a) EL decay at the falling edge of a 15 V pulse plotted in (@) /2 vs time scale. The inset shows the corresponding EL de-

cay curve; (b) dependence of recombination coefficient on the voltage. The insert shows the external quantum efficiencies (EQEs) at

various voltages in the OLED.
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Abstract

Styrene and quinoline groups are commonly incorporated into the organic fluorescent materials for organic
light-emitting diodes (OLEDs). In this work, a type of small molecule derived from styrene and quinoline, with
a chemical structure of 2,2'-(2,5-dimethoxy-1,4-phylenedivinylene)bis-8- acetoxyquinoline (MPV-AQ), is employed
as the emitter and electron transporting material in the OLEDs, and its optoelectronic characteristics such as
charge-carrier injection, transporting and recombination are investigated by the steady-state and transient
technologies. It is found that the electron injection from the cathode into the MPV-AQ layer shows the Fowler-
Nordheim (FN) tunneling characteristic in the N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB)/MPV-
AQ bilayer OLED, which is different from the Richardson-Schottky (RS) thermionic emission in the electron-
only device based on the MPV-AQ single-layer. The difference in electron injection is attributed to the bend of
energy bands of MPV-AQ in the NPB/MPV-AQ device, which can be caused by the charge accumulation at
the NPB/MPV-AQ interface. The accumulated charges should mainly be the holes on the side of NPB layer
because the electron mobility of MPV-AQ is much lower than the hole mobility of NPB. Owing to the bending
of lowest unoccupied molecular orbital (LUMO) of MPV-AQ), the tunneling distance for electrons is significantly
reduced, which is favorable for the FN tunneling. The barrier height for electron injection is calculated to be
0.23 eV by fitting the current-voltage curve of the NPB/MPV-AQ bilayer OLED. And the electron mobility of
MPV-AQ is determined by the delay time of transient electroluminescence (EL) and shows field-dependence
with the value on the order of 10° c¢cm?/(V-s). In addition, the electron-hole recombination coefficient is
obtained from the long time component of the temporal decay of the EL intensity, and the coefficient is found
to decrease with the applied voltage increasing, which is consistent with the efficiency roll-off in this bilayer
OLED. This study may provide a foundation for understanding the electronic processes of carrier injection,

transport and recombination in the OLEDs, which is helpful in improving the device performance.

Keywords: organic light-emitting diodes, carrier injection, recombination coefficient, transient electrolu-

minescence
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