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phenyl-N-phenyl-amino)-triphenylamine:4, 7-Dip-
henyl-1,10-phenanthroline (m-MTDATA:Bphen)
WL AW tEh CT3 fil CT! [ REE 22 LT
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AIGE L #EH-S (magneto-conductance, MC, Cy)
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stem crossing, ISC, PP! — PP3) il RISC (PP! «—
PP3) JILE A% CT Z1 ISC A RISC., DI K =
DTS5 AT A9 K (triplet-charge annihilation,
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(RR A2, MC M MEL ¥ 2 A A TR AT
& 4. 55 48 MC Fl MEL — & 7] LL4yh 2518
AL 380 (20 mT < |B| < 300 mT, MCy
F MELy) F12RAS L R 80% (|1B] < 20 mT,
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IEL (Bf ELocn-1), H EL MR IREZ SR
2, K MEL ¥ MC FIEERCF (magneto-
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2 HirmdlE5NE

A SCR F#E i LS AL TR DU AR il & T
AN 2 A ) Z AR IER e R 2 & W) 88 OLEDs,
HARER 2584 TTO /Poly(3, 4-ethylenedioxy-
thiophene)-poly(styrenesulfonate) (PDEOT:PSS,
40 nm)/m-MTDATA (40 nm)/z m-MTDATA: y
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Fig. 1. (a) Energy level structure diagram of exciplex device; (b) normalized PL spectra of pure films of m-MTDATA, Bphen and

composite film of m-MTDATA:Bphen, the inset shows the chemical molecular structure of m-MTDATA and Bphen; (¢) normalized

EL spectra of devices A—D; (d) the EL intensity as function of bias current for devices A—D.
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2 R O A R T RE . B4, me
MTDATA Fl Bphen § = & i 7 & g & [E(m-
MTDATA) = 2.70 eV, E(Bphen) = 2.56 eV]>*-%I
HET CT3 SMAER [B(CT?) = 2.47 V)20 fEfg
BRANH LCZE T CT SRR TERZRTA
IRERIIR. A TUESEEH4 T m-MTDATA:Bphen
WS BWAMIE R, 400 T m-MTDATA
4li i . Bphen 4l i ) &2 m-MTDATA:Bphen {E &
JERYIH—1k PL 3%, 40/ 1(b) FiR. #HHTF m-MTD-
ATA (426 nm) Fl Bphen (385 nm) () PL {37, m-
MTDATA:Bphen {£ & I PL % (560 nm) & 3
R LAY, RZE m-MTDATA F1 Bphen
SRR T HIEE &Y.

PESCHR [27) A, AR CE AR S Z IR
LI LR ™ F 5 M 2 4 v ) O R TR
B R A A A SO 3 AR T AR A =5 1 EL 0%
W g AR RO R T A IR B A T AR AR/
ZARILIE LI AR G AR F (R 8 1F 251
DLSZERHRAY). B 1(c) JRR T #4F A—D IH—1k
EL it BE#& 7L ICE T m-MTDATA A
K, AR A% F B9 EL W47 32 87 N 567 nm #4555 5
555 nm, X FEW] CT! AMEEREE m-MTDATA
FEXT IS R K. — ST, R &
CT' BMRE R T IR R A hwer = In—Ay—E,
H A hoer 278 m-MTDATA:Bphen 32 &%)
CT' BMfe, I FoRBifb#ae, Ay FoRETHEM
e, Bc RRHEFEECWGIRER-2L [h— A, =
HOMO,,, yirpata—LUMOg e, = 2.3 €V, B¢ = €2/
(4meggr), e, €, g, T HIFR /N FEAHE fof 5, HHLH
BHO AT A FLH 5L, B i 2s B R 4, IE il
fr 2 6] B B 0L, B m-MTDATA fHk BERS &2
m-MTDATA 5 Bphen () B 2558 K RI -3 K, fiff
& Ec Y/, M Ip— Ap /&2 m-MTDATA 5 Bphen
() [ A7 T AN BE SN LR R AR Ak, L hoer 3R,
RIBEE m-MTDATA WL LR 5 CT!
SRERI R, SEEHMER BL WA & A R, K 1(d)
@R T # i A—D ) EL 55 B B LS
ALHIZL, I RPR R IR B ACE. B
H, #8F C BIRPRR T HARMIEE S W de i, a1
D 5 Bz, Migelh A BRPRERAR. X R UTEAH
TRE BT, #4145 C i BL RORR T HAMILE &
YiestE, #80F D 5 BRZ, Mg A B EL 8%
BAK. 24 A—D H HEUs T4k S 2 R 3R L

B, {8 EL RCR BN BORZE 5, X T AR 1F
AN TF B SO FR T 5 RS . S22 &, MC Al MEL
A LAt S A oS [ B U B e, TR
J SORF PR AR T 5T A [ SR 525 W 4 1 9 MC A
MEL.

3.2 HWESAWHRME A-D hERKH
MC %k

T R GT U I A R I HL U X MC R
Bl 2(a)—(d) 2l JER T #F A—D A N
WA MC HhZE. S FRE R § 2 LN Ov =
(Ig — In) /1o x 100% , Iy FIl I, 53 53R~ A1 TCHM N
Ui mE B . TLUER], 44 A 5 B MC i
BRI N ISC LA (WK 2(a) A1 2(b)), H
MCry, i LB i & R 38 1) 385 R AR G, B3R I
B AR Y MC 2 (WLIET 2(e)). 3G KA 2R
T AEI KA A I RSB, X 2 T 3R P93
HL 780, A T R R 35 (L3 PP A A
CT &) i s 3g5a 235 [ 1SC A1 RISC it
B 5. 2 CT A Atk PP BMEK 2—3 4
WY, WL, AR 8 h S EUR B CT 28
RISC i & (98 55 2258 T X PP & ISC 1 2 1 9
55, TR AYIR R, H MC #hZ 2k 3777
PP % ISCid 2 Ml CT 25 RISC i Ry &, H
ISC 1 RISCH A #H 2 1) 35 g . 308 5 B0 14
AR B () MCp RN fL R L ISC ki, B 3%
B SR B LK C R S a1 A R B RTEIY
J&, #E C 5 DAY MCp IhZRFE /N R YR BN
RISC, {H Bl 5 f B LI A 3G K HN A8 S ISC 2
(UL 2(c)—(d)). LRI ELAR I A T 1 O B FEL O
T, CT &5 Hh#ER 7 £4 TQA ifE, b CT?
PECH , 380 CT? ir2: 51 RISC i R Rl s,
W R B 75 1SC R i 2 SRy 15161,
Sk B4 X6 L AS TR #% 4F H MCp A 1 RN,
MOy, i {FL Fifl fi B R O 2 2 1) R L 25 7 1B 2(e)
o X AN R R AR ) B L R Y MCy, &3
MCry, {2 MCp, o < MCpp < MCpp < MCp 4.
XFEALE A D v RISC i FEHYR FIAEAELL T
X% RISCy > RISCp > RISCy > RISC,. 5
BRI, SRR A—D 1 MCy ¥R N1
riH TQA BYRFIEL AL, E A SCHk [31]) TRARFSE
TQA 270 Bifi i B HL I 1 AR 4k, AR SC EZRFTEAN ]
SR /S AR IR FE X TQA s FEAGEZ M, R g il
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(a) Dev.A m-MTDATA:Bphen = 1:1

MC/%
MC/%

MC/%
MC/%

(c) Dev.C m-MTDATA:Bphen = 5:1 (e)

1.0
0.5 F
X
~
o) e/./.
=00
m-MTDATA:Bphen
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Current/pA
()
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. osf
X
=
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—0.81 o5 nA
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Donor-accepctor blends

B 2 (a)—(d) T A—D PRI MC L (e) #41F A—D vh MCy, fif {8 BE & 7 i 281 it 285 (F) A IR 4i B Fi

T MCy WR{E B 25 4 /52 1A L 18 Lo 91 i) A2 fh i £¢

Fig. 2. (a)—(d) The current-dependent MC curves of devices A—D at room temperature; (e) the MCy, values as a function of bias

current in devices A—D; (f) the MCy values as a function of donor-acceptor blending ratio at various bias currents.

BT AR R E N MCyy MR {ELRE 25 A B 1K i
A £k, dniE 2(F) Fizs. aTLAE W 7R AR R O &
HLH R #5F A—D "y MCyy I {5 3% £ MCp ¢ <
MChp < MCyp < MCy . XEHLER A—D
Hr, # C 1Y TQA RS, ##0F D f B k2, 1M
AR TQA iR (B TQA: < TQAp <
TQAp < TQA,). CAMFBUIREY, 2w 71
PR AW, FEESR I RISC i 2 173X
TP s rh CT3 8 A B K A iR £
ECH , A AF RISC i 1) & 4. B48%, RISC i
5 TQA SRR TP XR, MOPAEFEHAH]
T TQA S RH LA, WL, 280 Wiestk A—D
) MCy, F1 MCy Hh 2R, & IAE X S IL T S WE%
fErp, 8 4F C B i i, 44 D 5 B
2, MiestE A Wk e 2=

3.3 HWMEEAWHM4 A—D PRERKRBH
MEL #0 #,; B %

S HN AT 1RO SR S W a P AL T
XFAN CT 25 A9 B S 2, A TAR & 1 AR
WAL S W TR A T LRI MEL £k,
WA 3(a)—(d) fras. HEUR G RE RN E SR :

Apgr  [peLB) — PEL(O)]
OMEL = =

PEL PEL(0) )

©rL(B) M @pLo) 73 HIRA . TCHMINEE ) EL 53
FE. XSRS S YA AN R B HL T B MEL
FIMELy 435~ A 1SC I TQA 2671 [ WA 3(a)—
( ). EARH, A, B A D ) MEL;, i {2 b f

FL AL A3 I/ (R IE 5 F AR i) MEEL iy
/;%), MR C (1 MEL;, W {8 b (5 F I 00 3 K
TR (RIS L AR MEL #iZ)[ WLIET 3(e)].
AN, Fe A FI B 9 MELyy B (ERE B  rs
AR, RIS K508, #34F C i MELy
W (R O PR 38 KT K, iR F D B MELy
R i LRI N [ D] 3(f)]. Sheng 4521
#i8, OLEDs i) L8 65 B 5 i i Uk He, B
e = nl/e, Hn WIMETFRHCR, e J B i far i
NN EL, n #1 I5X M0k, B ATES MG 5%
A SDEL — AI/T+ An/n, B ayee = Cy +
M- TZ/A\—t%%T S aMEL A Cut 5 M . N T iR
WL AW PO R B R A MEL fh£k, A
SO TS RIS P L SRR Y iy R (B2
FE T AR AR 9 MEL i), WnfE 4(a)—
(d) Frs. ATLAR ), X2 & Y e A

x 100% , H:
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Fig. 5. Microscopic mechanisms in balanced and unbalanced exciplex devices.
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Abstract

The reverse inter-system crossing (RISC, CT? — CT!) process in charge transfer (CT! and CT?) states is
an effective approach to improving the energy utilization rate of excited states, and precise control and full use
of the RISC process have important scientific significance and application prospect for fabricating and realizing
the efficient exciplex-type organic light-emitting diodes (OLEDs). The conventional exciplex-type OLEDs based
on m-MTDATA: Bphen have received extensive attention among researchers owing to the fact that the energy
difference between CT! and CT? around zero promotes the efficient occurrence of RISC process. But up to now,
only transient photoluminescence can infer the existence of RISC process in experiment, which is quite
unfavorable for the comprehensive understanding and application of this process to design high-performance
OLEDs. Fortunately, in this paper, a series of balanced and unbalanced exciplex-based devices are prepared by
changing the donor-acceptor blending ratio in the emitting layer (2% m-MTDATA:y% Bphen; 2%, y% is the
weight percent) and the carrier density flowing through the device. The RISC process of CT states is directly
observed via analyzing fingerprint magneto-conductance (MC) traces of the balanced device at room
temperature, and the balanced device has higher electroluminescence (EL) efficiency than the unbalanced
device. Specifically, the low-field MC curves of unbalanced device only show an inter-system crossing (ISC) line
shape, whereas those from the balanced exciplex device present an RISC line shape at low bias-current and the
conversion into an ISC line shape with the further increase of bias current. The line shape transition from RISC
to ISC is attributed to the triplet-charge annihilation (TQA) process caused by excessive charge carries under
high bias current. Combining the physical microscopic mechanism of device, the above-mentioned MC curves of
various exciplex devices can be explained as follows: under the same bias current, extra holes or electrons are
generated in the emitter layer of unbalanced devices due to the mismatch of donor-acceptor molecular
concentrations. These superfluous holes or electrons will react with the CT? state, which aggravates the TQA
process in the device and weakens the RISC process in which the CT? state participates. That is to say, there
are strong TQA process and weak RISC process in unbalanced exciplex device. Contrarily, the strong RISC
process and weak TQA process in the balanced exciplex device are beneficial to the occurrence of delayed
fluorescence, resulting in its EL efficiency higher than that of the unbalanced device. This work not only
deepens the physical understanding of the influence of donor-acceptor blending ratio on the carrier balance in
exciplex devices, but also paves the way for designing highly efficient OLED by fully employing the RISC
process of balanced device.

Keywords: m-MTDATA: Bphen exciplex, donor-acceptor blending ratio, magneto-conductance, reverse inter-

system crossing
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