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S v AT AT AR R, ATRRARCE S W s A i S
B RORM 9.7% M5 E 11.9%. Sheng 45 0 i ik Ha
o7 AP AR B 4 1 5 TR R RO 23 v - R s XY
Sa XS R, Fr LIRS A I ROLReR 1
K. BSRHATF-E 2 MHEE S W) ARG R O6AK
FOIFH L SCRE X Z I A TR, (B
AT b S RATSR T S — P R R

S0, B BT AL R R
B YRIIE RGBS RIDO GRS, AL T X Fnig
B G Z 0y BROU T BB 2358 ) 26 K 5
A RSP XX ROt 5 174 5 i IR AR /D Bl
1, A PLRERLN (organic magnetic field effects,
OMFEs) 28 1 A48 SC RN T =R ik 2
GV AL TR IR S S W R O i 0L

OMFEs f#it;H1F (magneto-conductance, MC),

i L EUE O (magneto-electroluminescence, MEL)
FIRERCR (magneto-efficiency, Mn). [AIE, i fbF
XA EZ G HR S BEEAREESY
“HEBHILE AW (singlet and triplet exciplexes,
EX, and EX;) FI#fb X7 (singlet and triplet pol-
aron pairs, PP, and PP;) Z[B]fR[BIEF#K (intersy-

stem crossing, ISC, EX; — EX;, PP, — PPy)[1012

JIa] R Ak (reverse 1SC, RISC, EX; < EXj,
PP, « PP;)I2B Fl EX; 5 Z R Z A 1Y =5
A-H faf 8 K (triplet-charge annihilation, TCA,
EXy + g — e+ h+ ¢)M5 PR Ay se o o /2
HA ARE M HE OMFEs fh£k, T AT OB HRAE
OMFEs M1 2 A by GO0 ik #4948 E 48 0K WL 25
PFr PP M EX 25 fr &8y i A2 ol . i 4n, 1SC
1 RISC i3 F2 AU 4AFHE OMFEs [y £k 43 7] J|& 7R 28 5
R 2R (mT) A9 EFIIEE Lorentzian £
HI00-18] PR I OMFEEs e WL A [ e, i - £
FIIEE S YA PP AT EX 2 A O FE ]
LA 7 LA S 00 247 A O RR 1 ) BEATL A
ASCAEBAHE 7 ARE IR 1, 3-bis(N-
carbazolyl)benzene (mCP) /2, 4, 6-tris[3-(diphenyl-
phosphinyl)phen-yl]-1, 3, 5-triazine (PO-T2T) *F-
i 5 Jii 45 OLEDs Hrid i i 28 88 4 1 25 7 A RE
JIRel g T B AR L R S
Yrast, SRIEFAH MC, MEL Fl Mn 1E R385 8008
I T 5T 5 F A P 45 52 1) 15 2O RGR I W)
FEHLA. AEF Ak MC 4 BR8N (low-
field effects, MCy, | B| < 10 mT) FlE7s0v; (high-

field effects, MCy, 10 < |B| < 300 mT) 4354 A
THERE S WAERY 1SC F1 TCA 1t 7%, Jf H MEL #
R MRIARN (MELy) Fz gl w37 08 45 1) 1SC 1
. HARPA 2 AR, P # F) MCL il MCy
43 E PR R 37 A 1 RISC 3o 2 RS- 11 28
W EA, 3 HH MELp £ 8\ ISC [5 RISC it
FRAY e (ISC— RISC). HAN, HARAE-fr FF- 1y
fr i Mny 2 IR0 (Mny) #6505 B8
YRR 1SC 12 72, (R PAF# 0 My, (1) R AE
R A B B~ 1 /4. T8 AT X R R HOR
[F]%) MC, MEL 1 Mn i<k, A& BP0 20 17
AR LIIE IS EX () TCA SRR G EX, 1)
B, MMiEGE RISC 1442 (EX, « EX;), HI-Ff
by RISC LeAEF A gs 44 B 5% . RISC 2o ##3
s, e EX) igE g hn. o B RISC E K
1) EX, 233 2 18 o ok & IR 26 (delayed
fluorescence, DF), I LIV-fiif &5 {4 (1) DF Lo AE - fiif
AR ETSR. DF B985, 4 0Rr 2 CRCRE .
IR, AR SCRIFH OMFEs #E— 45 ff B8 1 FEL i SP- i ]
SR BRI ROCRCR.

2 ABBHHEEGNE

AR BAT AR ) B 7 13 A RE 19 mCP /PO-
T2T V-5 5i%5 OLEDs H, i i U g 925 X
TEA SRR 7 EARE S, T & 1 2808 71E
AR B R 2 S s . B1F 1 2IRF
fif %% F: TTO /poly(3, 4-ethylenedioxythiophene):
poly(styrenesulfonate) (PEDOT:PSS) (40 nm)/
mCP (80 nm)/PO-T2T (80 nm)/LiF (1 nm)/Al
(120 nm). #5142 & P8 1TO/1, 4, 5, 8, 9,
11-hexaazatriphenylene hexacarbonitrile (HAT-
CN) (20 nm)/mCP (80 nm)/PO-T2T (80 nm)/
LiF (1 nm)/Al (120 nm). & 7% HAT-CN Xk
BT EAFEA/EM, ¥ HAT-CON i A 24
4 1 1 PEDOT:PSS 5 mCP 2 [a] kil 4 T #% #F
3. #4F 3 B #: ITO/PEDOT:PSS (40 nm)/
HAT-CN(20 nm)/mCP(80 nm)/PO-T2T(80 nm)/
LiF (1 nm)/Al (120 nm). B2, #40F 1 BARFHas
7, SRR 2 Fgeth 3 B, BT
A5 PEDOT:PSS, HAT-CN I PEDOT:
PSS/HAT-CN.

il & A% PRI, B 581 PEDOT:PSS ¥ Wié I
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TEHA TTO PR Y SRS IS b, SR 5 BRI
HAS AR IR 120 C &R T HLHE 15 min, &%
JE IR Z AN FRUIBUNRAE R A T (R
JE5EA 10 6 Pa) A HAA HLEIREJZ A LiF /Al [
We. R T A WU RS S A K AE A I L, Kbkt
FR A K R PERIE 0.1—0.5 A/s (1 A = 1010 m)
T FE N . A AL R A R AT WL RE 2 1 5
S — A T 5 SR B ) 8 R R IR 5 i
SR W, XA T TR e © R T HL
F XTM/2 Bocfsiil. #h bl & o8 iUa , #HE E
E— " HATEAIIR Sk [ (Janis: CCS-3508). Il &4
#1) OMFEs i, FIH]HL#E#k (Lakeshore EM647)
KL AP BESM MG, Wi 05 AT T AR
THT. S T A R 7 1) SRR 0 58 2 R — A T
PERHT A9 22 JR B3k SR Wi, Keithley 2400 507
2 PR 45 2 A B B iy R T ] B 3 SR A ok 4 42
MRS S — A 5 B TR E AR Sk
%) Keithley 2000 ZUFIRFHIRIC AT A 158
FE1FS. OMFEs Ml R 481 T A MR 2
Ml I B 28 4 I P2 P Labview 30 S k4745 1.
W 8 8 1) HL 2R (electroluminescence, EL)
TERF, SEFI ] Keithley 2400 85 R4 280t
T i, SR & R 52 2O A DR

WY (Acton SpectraPro 2300i) & #5{F19H
BORCHE A 2 mm x 3 mm. A HLE SRR
FeEU A (photoluminescence, PL) 32 F| & T
BEIEIEEL (FLS 1000) S

3 EBEHEREHITH
3.1 & 1 FIERM 2 RIBEREEMITNL ST

el 1(a)—(c) 4M IR R T 205 1 RZEHF 2 9
REZRAHEAT B LA LG WA g A HLRE R 145
L aF 1RSSR E 2 2 BA AR 2 7OE AR
(PEDOT:PSS fl HAT-CN) # mCP/PO-T2T ~*f-
T S B 25 2R 4. o mCOP0O AL i 28 o 45 1A
AR, SR PO-T2TM 2 &40 f 152K b kL
T mCP 7 7 3 i 1Y S AR R 5 4> 7 HLiE
(lowest unoccupied molecular orbital, LUMO) fig
g (-2.3 eV) Al PO-T2T 4 T " 8 B 1 B 1 15
P57 T 3B (highest occupied molecular orbital,
HOMO) REZ (6.8 eV) 73 B FHFI oL 1 F1 %5 5, BF
PUHL R T AR 2 mCP/PO-T2T Fiif. X Lbif,
fr 2t T DAIE i H -2 ORI B R BB LR R
EEY. AR RUGEIRR PL %L 1 Figs
7 2 1) EL 3% ] LAHIRAE B A~ g 0 ik 2

(a) #¥fFL (b) #¥ff2 (c)
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- > A NC CN ) @
68 = 68 HAT-CN PO-T2T
d f
(d) 1ok mep )] © (w) 150 [ st 1
é PO-T2T (PL) g Bepl: o
; w1 (BL)| & S 100}
By P ~ <
i o5l i 2 (EL) ?, =
£ E Z s0f
g o & 0
3 =0
= |
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K1 (a), (b) BERIEATIE; (o) AR 2> T2 () A VLR S AR PL & RIS AF1Y EL 35; (e), () MBS R R AL fL

KA EL 5 3 B i i 1922 1058 &

Fig. 1. (a), (b) Energy-level diagrams; (c¢) molecular structures of organic materials; (d) PL spectra of organic semiconductor films

and EL spectra of devices; (e), (f) current as a function of voltage and EL intensity as a function of current.
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EYIETE. AR, mCP:PO-T2T IR &Y PL
% (480 nm) FHH mCP WA PO-T2T il PL
HE (365 nm 1395 nm) EIUHLBEAETE (K 1(d)).
WNSCk [4-6] B, SEIE A MR RMEE &
YRR ST A RHE. X FR mCP:PO-T2T 1A
Y PL & Sk 7 B i AR S G W )R R
S SIRG R PL &SRR, g5 1 Fnds it
2 () EL % S (482 nm) 3 [ A E L E A
YRR ST, TEB T X PR IR E A
TE RS BRGSO 2088 TR S 2 SE S L e 78
(charge transfer, CT) & & ¥R B SRR, (H
JEES CT AWML TA L H) mCP/PO-T2T
TS A 2 F. Shen 45 IS RIE, LRSS
SR FZ R CT W 5 4R 50+ F i as X
MZEF ERFSTEE WS ER T 268
B CT E61. i CT Z-E8WIE LS 19, CT
HEWRNER CT EEMMMAES CTEAY.
BB CTH AN SRS 5SS ZEE CT &
B BUORAS CT 8RS MRS 5 A Z (A
) CT Z59, MEEE S, Fikasth CT &
GYRIES CT EEYIC WA CT ZEW (M
HZHEY) W5 R AR5 T 1) HOMO fEZR
FIZ AR5 F1) LUMO REZE 1319, WS 457K 7111
HOMO RBZ s T2 4485+ LUMO fedk, WTES
PRIy F RS2 R FH# AL T RS MG LT CT Al L
FI A AR R 2 A /52 AR S, TR L3S CT
EAEW. M, ARG RS T HOMO REHIK T
ZARSF1) LUMO REZR, W5 A0 IR B I
RSN TS Gy B AR5 T80 ik
RS FBZAES -, NITE SRS 51
Z IR CT e (MHEEY)). A
45K 23T mCP i HOMO fig%k (5.8 eV) & T
Z AR5 F PO-T2T () LUMO BEZ (-2.8 eV), JIF
PITE mCP/PO-T2T -1 57 Jit 45 5t i ¥ % 2 4
HEEY, MAREE CT BEA&Y. XAiefED
A mCP/PO-T2T - [fi 5 [ 4 #5144 b n] LIS
EUE/ﬁﬁE [17,20,21]_

AR, BARAHE 1 FEe: 2 HA MBI %
PEESFA EL %, (A28 1F 2 B9 FF 15 B b a1
L EEAR (] 1(e)). I LEARER A 1 FNERiE 2 he
Mg A RS, BB EA T AL B FE
A& (0.1 eV) FIARI R GEA S22 845 1
M PEDOT:PSS %] mCP 1 HOMO fE 2% 19 4 &

gz (0.7 eV) AFIF A 7GEA, SR 2
HAT-CN f# LUMO #| mCP ] HOMO 4 i %
2 (0.1 eV) AR FZITUEAL TEARREING, &
FOEABE IG5, MTREARER R T E R, BR T
TR TR U, 2808 2 R B et 1 S il
TRCR (K 1(F) AE 2). X H2 R gt 2 ey
WA LR 1 RS, BRgR R 2 has o
ARG FRTFEARLR, B 1 2K
P AR R F T HE AR L. BIRSCHR [1-3]
B 2R AT LGB IR SRR T E
B RCR I IR0 KRR, (AR R
IR B — 2 IR R . I R 3R i A
WAl X FIE A W T S8R J5 BI85 4 1 2
R, WA T X RS A W ) Z R B 3 R
LTSGR, AR LAy Pk SO AR 11
SEMIR AR/ DWARGE . M AL AL A RO
AR EEAR N ES S S EAWRL TR
AW ] ISCRoU 1 RISCI213] P Ky = T AR it
RAEYE L4l Z i TCAMSL 5|5 #5
JIr#EE], OMFEs 1] LAME R$ SR T Hok 2 45
H PR SO R, R, A T RS A g A X
SO 3k B (5 i, A A T SCo M fF 1 A4 2
i OMFEs fh4k.

10

Current efficiency/(cd-A~1)

0.1

Voltage/V

2 AR L AR 2 R 3 0 H ORI
Fig. 2. Current efficiency-voltage characteristics of devices
1, 2, and 3.

3.2 =541 Fn=5M4 2 B MC BhZerIRIRIRH:
XE

Kl 3(a), (b) 4RI 2I0 T 0 1 At 2 7F 25—
200 pA A T MC k. MC 24 M
Tohg B asfrh 1 R9RRAEER 7 B (1) &
I(B) — I(0)

MC=""T0)

x 100%. (1)
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MC/%

K3
Fig. 3. (a), (b) Current-dependent MC traces of devices 1 and 2.

(a) e Pfraet
®+0

MC
o T isc

PP, ¥ — >S5 — Y __Pps

ks kT
MCy, _
L_ : <« == EX;
{Mm_ RISC TCAlJr@
0+060+0
So

] —

S
Sk 4 AL
7 %%%

& 4

—0.4

Cmte“‘ ! o

0
B/mp  —300

(), (b) #H4F 1 AEF 2 o MC il 2 A0 B AR B G &R

(b) Pz
0+0
\
MCy, +
ISC v
PP, —% — —>» — —+ — PP3
HFI
M
ks M, + kr
MCy, -
EX) X+— <«—— — A A EX;3
RISC
My, -
I D 4 SEIR
N 2Ik
So

(a), (b) #8HF 1 FNgRE 2 o PP A0 EX 25 A1 8 1 e A% 3 1

Fig. 4. (a), (b) Formation and evolution channels of PP and EX states in devices 1 and 2.

Hrp, I(B) A1 I(0) 4 H &4 A MICHE S T i
AR FL.

AR, FRE 1 RIERE 2 1 MC EhERERH MCy,
I MCy A A A NV, BARAE 1 a2
BA AL 2S5 EL 1%, (B2 X A 281
ARAH MCy. #8411 MCy, 26037 e
F (18 E ) Lorentzian & K1), SR #5 7F 2 1
MOy, P R (1E ¥ B9 Lorentzian £k AY). 3T 3
fik [10-12] HE AERE MC 2k, 2505 1 Fnesid 2
() MCy, 43 51 I3 BB F 8 % 3 98 45 1) 1SC F1 RISC
FE. BRT MCrp, #4 1 A 2 iR AR MCy.
a1 MCy 2218 T [, SR A5 1F 2 19 MCy TR
AR, ARG REAE MC 42 1001 2544 1 s 14
2 1) MCy 3l VA R T8t 7 )8 45 1) TCA 3L F2 Al
SEAT IR T AR, A 1 AR 2 HORTE
) MCyy iE—E B ERF 2 W far 30 F B TEA L
i 1R XA R B MC Fl MCy #23
TE G SCRIFHAE 1 RIZHF 2 Rl fb 75 Fig 3t &2
EYIRIE RN AS EE (] 4) R TEANfR R

AR 1 F025 14 2 F MEL B &L RO IR
Kl 5(a), (b) sl T4 1 Mg 2 76 25—
200 pA AR T MEL th4k. MEL 2 A 73
FITCHES T f i EL 58 B2 fAIXT AR (LR (78] |
_EL(B) — EL(0)

EL(0)
P, EL(B) #1 EL(0) & A & A w3 MEwi s
AR EL sREE. ATLAE S, #8418 2 1 MEL
£ HB 2 R38N MEL; #5345 MELy 41
. 7E 25—200 pA FEAHG T, #8014 ER
Pk ARy MELy, #2812 119 MELy. #4JE3C
ik [10-15] #RIEAIHERIE MEL #hk, #$44 1 /9 MEL,,
1 MELy 43 51 3 B 8 6 37 4 4 19 1SC 3 72 A
TCA iFH2. BARE 2 i MELy (RIH K TR
PR TCA o2, B2 TR MEL, 2301 A BR1Y
k. BEE AR T 200 pA J/NE] 25 pA, £
4 2 i MELy, 7R M ISC 3 216 RISC 5o F2 1) 5
i (ISC — RISC). A7 R 5 AR A STk

3.3

MEL x 100%, (2)
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. 8T ERERRE 1A 2 PANFEIR MEL, K
SAE N R A Y A FOR M MEL 2.

3.4 2314 1 FNEFH 2 Hh My BIZ&RIERIRART
Sheng % 22 }i38 , OLEDs Y & Yt & EL I
i ad A P R AR A K EL o plfe. Hofr,
n AT M FRCR, TSR AR FLR,
e (RFILA AT, KN HMINHES) 22 U2 28401 EL,
n T2 20 FIRTLIASH AEL/EL = AI/T+ An/n,
an (3) XPiR:
MEL = MC + My, (3)
Hrh, MEL Fl MC #BJ2 52 50 0 5, S8 70 Mny J2&
FIH MEL 3 2 MC 73 2 FISTHEAE. (3) Uk
7~ MEL 4/ MC e Mn theny &, Bim]
DLl iR MEL 20y MC it 20 M il £
Kffks MEL. 8 T i BeasF 1 Aas i 2 iR my
MELy, Se X 2 1:) MEL {8 (K 5) A& B
114 Ar MCE (& 3) A5 2] My {H, 2R )5 X

$E My (28 HRAE Moy H125 () 6). 20k
LRI (2 B9 Moy 2% R % BB Mo, A Moy,
BV 1 THAG Mo, FIZERD [ THG Mo, A3 [9]
SRR B REE Moy 12, 3 F5AS B2 RS Mapy, 1 Mg
S BIA BE T SR T FE G 1SC A TCA . (A%
VE BB, A TR B LA RN R T
9 Tt My, B9 29 0 30 119 1/4. 38 R A B
Ny, 46 S AE G SCRIFHAAE 1A ZR0E 2 b AL Tt
TS AW T ORISR (1] 4) AR,

3.5 FFEMEHREGEHRBEF-ZSNANH
IR I 72

h T B R RS 1 AR 2 R MC, MEL
M 2 LA OC 3R, Bl 4(a), (b) 400l
IR T IX AN B R AL R R A Y
AR AR IE . Fed), 250 mCOP JZ2 28 7O g8
PO-T2T |2 HFTEECW S| T & & B B0
Feh 25% 1) PPy AL HA 75% B9 PP52L [FISh PP,y
Fl PPy J& 4T [ B 25 7k, IrLAEAT T RES

200

MEL/%

El 5 (a), (b) #¥fF 1 Fi##E 2 i MEL [ £8 i fL AR 316 &
Fig. 5. (a), (b) Current-dependent MEL traces of devices 1 and 2.

0
B/mp  —300 c

Mn/%

K6 (a), (b) Al 1 AIEE 2 Mo 22 A0 AL AR A OC 2R
Fig. 6. (a), (b) Current-dependent M traces of devices 1 and 2.
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BRIFR. B4, PP, FI PP, FR LT [ €T LLIE
i B 40 A B AEH (hyperfine interaction, HFI)
KA B 2RI PP-ISC i3 72 (PP, — PP3) 1 PP-
RISC i$#2 (PP, < PPy). I NECWSIMEM,
L PP, fil PPy —4E A WA FIAAY EX, Al EX.
PP, fil PPy W& G #50 H ks I kp 7. HH
T by — KT K272 BF Ll PPy 5 PPy Z [0 A
H Rl PP-ISC i # F%. 54rF R PP &
FHARL, 43T IIE) EX, F1 EX, REZ LTt 2 & )
[y 02290 EX, Al EX g HE 1 [ et AT LIt HEI
KA 0, B EX-ISC 1% (EX, — EX;) Al EX-
RISC #1#2 (EX, < EX;). BT EX; (0% H & EX,
() 3 5t H EXs fZ4r (100 s) H EX, (107 s) K
3 ARG PO EX A YA B B R EX-
RISC i#FS. 4T EX-RISC, d-E#rgsbay EX,
WS Z RN THEAER, k4 TCA
iF#E. &= F PP-ISC, EX-RISC Il TCA i 72 1y 45
TERERON TR, EATRIE B C 284 SCHk [10-15]
Hh Bl AN A R AR X 9 7 37 R 45 1) PP-ISC Al
EX-RISC s FEAfRERE, T LIS H #8140 MCy, J& %
AT PP-ISC 51 IE MCy, 58 miis
) EX-RISC 52/ MC, B93 0. [HHE, My, &
e SRR PP-1SC 51 MY IE Mny, 5950574
P2 EX-RISC 51 71 Mny, BIS0.

WE 1(a) FiR, ek 1P E AR L
(0.1 eV) iE/NFARIHEAFR2 (0.7 eV). XER
HLF I ARE T Hb s s TR, BIER 4 1 240+
A A #5451 H 22 43 1 FLAr B T A L T
w1 ERHE TS EXgHEEM, 5
TCA i3FE (e + EXy — ¢’ + h + e) &, 2%
LS R MCy K5 T TCA SR A4,
WE 3(a) fios. N TCA 20870 EX B8R N
M EX-RISC i #, fr s 1 7 EX-RISC
[ L PP-ISC AU SS. I, #3444 1 /) MCy, &
H B g E 4 1 PP-ISC 7.

5 1 AN, S8 2 hEEAS (0.1 eV)
T2 AL (0.1 eV), T 1(b) Fizs.
TS AT M R A S 22, TLAgR A 2
BT IE AL P AR, BN 2 S P 1 o
. XFRAE 2 LT3 24 fL e 3800 1
JEH EX3 A2 TCA i #. W&l 3(b) FiR, 4
5 2 vrobRE AR A A MCyy E A T A5 B 3808 T
AL CYERE 2 R TCA 72, KEN EX, il

it EX-RISC i #2464k EX,, FrlA#sfd 2 # EX-
RISC A5 b PP-ISC WY % . I, #8F 2 19
MC;, H#REEE ) EX-RISC £%.

WSCiEk [32,33] Frdiil, EX-RISC Al A fEiR
PR ST EX B 00 BB WU 9T ) EX, AR )R
EX, it iR AR R & 5 DF. B 2 1) EX-
RISC LA 1 AR, BT LAgs 4 2 DF Y5
Fe#fE 1 R, R, #54F 2 b BL (R RACR
Fegsh 1 R, R 106 AE 2 s, BT
B MCyp, Fll MCyy, #5841 28 2 38 BA AR Y
My, BIgRF 2 o Mg, BOIEE ek 1 A4, an
6 Jis. X2 R B g S 45 ) EX-RISC 5]
g Mg, {8 B4 I Has 4 2 1 EX-RISC H#§4F 1
[ B 5.

R RE NG R DN L AR SR TS S S U o
F4) FEL BHL 2 5 B B () AR, BRIV PN 8 P 44
T 3G A PR 2 O 45 R EX 1Y 7 sl ek 2>
EX, B85S RISC i # . FLiAH, $E4 fin
[l A, b s B AR . R s 2y
S EX BYFEFRS R0 ), BT LL EX 1975 i 4.
HandE s n, WA EX, 35 RISC, 3 RISC
SRR, T3 A, AR B I AR R 8 2T,
1 NS A T 2 3R B MLP SR R B 3 Ak
TEARIR . Zhu 45 PO HGE , AL SRR R B
IR BRI B S AL AR TR 5 A AL S R
R IBRFA . 1KLL A 23 A AR far B0 1
FIRABIE, s/ b F ey 20 7 A gk, RO B
DY H B AT R BB EXs, FTUL EX; 1)
B /b, S8 RISC 1 R

3.6 =M 3HIBEREH SLEFEMEN
WG

J TR HAT-CN X i A iy
YEH, ¥ HAT-CN #i A 21 254F 1 # PEDOT:PSS
5 mCP Z Akl & T4 3, E 7(a) ik, 5
A 1 AERE 2 1) BEL &SRR, #8143 A9 EL
AT (485 nm) ok F B S FIEE AW iR
f5t (B 7(b)), WEBI T #84F 3 il EZ A e
B AEAFE R, S 0F 3 B AR S 4k 2 A
W, (H 3 155, aniE 1(f). & 2 A 7(c) Frs.
B R AR 2 g 3 B AL 25 70 ARE
TR T ARE Sy, BARH, 280 2 FIRS M 3 has
TR AR T HAT-CN/mCP - 1 5 i 5 1 > L 7

107201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 10 (2025) 107201

(a) o —2.3 — (b) (¢)
2| 0000 o g LOF £ 150
— _ =]
85 g 6| 6 —28Th ] el
a ﬁnsc/ LiF/Al & 8
= EX;<—EX 3 5 100 |
& ' ’ 205 >
ITO —5.1 . 3 Z
292 -5 g L
® 057 550 & 2 g 50
e 000 o = E
= =
CZ-,) ~v = =) 0 =) 0F
) 68 . . . . . . . .
< 320 400 560 640 0 50 100 150 200
7? 5 Wavelength/nm Current/pA
(f) 0.8
0.6
X
= 04
=
0.2
0
300
0 0 s
By —300 B/ —300 owr

Fo7 AR PF 3 IREZLA A R A MLEEBUN  (a) BEZRESH; (b) EL3; (o) 8% -H bRt (d)—(f) MC, MEL Hl My i £k

4 HEL VA 2R

Fig. 7. Energy-level structure, photoelectric properties, and OMFEs of device 3: (a) Energy-level structure; (b) EL spectrum;

(c) brightness-current characteristic; (d)—(f) current-dependent MC, MEL, and Mpn traces.

FEA T, I B AR LiF /Al I A %] PO-
T2T JZ. Ji4h, TE4F 1 i A HAT-CN J5 25X
FE AR ST AL, 200 T
ARG I, AP S, EX 1) TCA
RIS, SR E 2 EX, it EX-RISC i #4%
4 EX,. th EX-RISC JE R EX it iR #dm 4
K&l DF, MIiE5% DF. DF B35 J5, #%0F A
AR . BT E WA, 4 3 1 MC,
MEL F1 Mn figti 5880 1 f9ARF. #4481 5 MCp,
Al MEL;, 7€ 25—200 pA HL T R R 98 1 3 8 3
) PP-ISC (&l 3(a) #1 &l 5(a)), #& 1 %5 7F 3 1
MC|, Al MEL; 7E 25—200 pA HL T R $RE
W) EX-RISC (K 7(d), (e)). 4k, #1F 3 1Y
My, {29 %8 1E 100 1/4, t0E 6(a) FIE 7(f) BF
. AR, B 3 B MC, MEL #1 My i £ A H
—UEMIIMA HAT-CN A LU S s 8 FiEA
AT EX-RISC 2, A 350 3215 T 44 2
(R SCEREE AR

4 % i
AR SCE LA F - HE A BE 169 mCP /PO-

T2T V-1 5545 OLEDs H, i it A8 28 70 A RE
Jrifil & T B EAAR ARG R &Y

T, FHAH MC, MEL F1 My /5 A8 20085 T
FLRATFFE H A -7 52 Wi i 2 2 3503 1) D BRATL
L 230 MCyp, A MCyp 43 9VA R Tk #4374
21 ISC F TCA s #2, I HIH MEL;, 2 M7
PHFERY ISC i 8. SR as AN ], S g R Y
MCy, il MCy 439l V3 B F 89 i 3 W 45 (1) RISC i
TR B 20 T 1A IF B B MELy, 23
ISC [w) RISC i #EAYFE#: (ISC — RISC). 5i4h, H
SRAEE AT RIS AT 2 09 Moy, #8051 T 9 S e
1) ISC s 2, (RS A #5440 Moy, iR {29 ek
AT AR RAR 4 4%, X EEARTE] % MC, MEL H1 My
11 £ Sz WS- A7 A 28 3 AT DA S U BX Y
TCA BRI EX, (%R, ISR RISC i
T2, RIS 2R B RISC H AR i 2 1) 5 5.
S RISC B B EX 2338 i 1R 4R 59 % &
DF, FrlEdr g Fi DF e AREdrgsFr 8se. DF
SRR, IR R OERRRE . M2, ASCHH
OMFEs X i faf V-5 52 i 5L 52 & W ek o essi o
AR T — P .
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Abstract

Charge balances can influence the emission efficiency of exciplex-based organic light-emitting diodes
(OLEDs), but so far, the physical mechanism behind this phenomenon is not fully understood. Here, organic
magnetic field effects (OMFEs) including magneto-conductance (MC), magneto-electroluminescence (MEL), and
magneto-efficiency (Mn) are used as fingerprint probing tools to study physical mechanism of influence of charge
balance on the emission efficiency of exciplex-based OLEDs. Specifically, low- and high-field effects of MC traces
[MCy, (|B| < 10 mT) and MCyq (10 < |B] < 300 mT)] from the unbalanced device are separately attributed to
the magnetic field (B)-mediated intersystem crossing (ISC) process and the B-mediated triplet-charge
annihilation (TCA) process between triplet exciplex states and excessive charge carriers, whereas those from the
balanced device are respectively attributed to the B-mediated reverse intersystem crossing (RISC) process and
the balanced carrier injection. As the injection current decreases from 200 to 25 pA, low-field effects of MEL
traces (MEL;) form the unbalanced device always reflect the B-mediated ISC process, but those from the
balanced device exhibit a conversion from ISC process to RISC process. Furthermore, although low-field effects
of Mn traces (Mmny) from unbalanced device and balanced device are attributed to the B-mediated ISC process,
My, value in the balanced device is approximately one-fourth of that in the unbalanced device. These different
MC, MEL, and Mpn traces reveal that the balanced carrier injection can increase the number of triplet exciplex
states via weakening the TCA process, which leads to the enhanced RISC process. Because RISC can convert
dark triplet exciplex states into bright singlet exciplex states, the emission efficiency of the balanced device is
higher than that of the unbalanced one. Obviously, in this work OMFEs are used to provide a new physical

mechanism for charge balance that influences the emission efficiency of exciplex-based OLEDs.

Keywords: organic light-emitting diodes, magneto-conductance, magneto-electroluminescence, magneto-

efficiency
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