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A SRR 4y F M A 3,3-Di(9H-carbazol-9-y1)biphenyl (mCBP) #il 4,4"-Bis(carbazol-9-yl)biphenyl (CBP) 1
gk, PO-T2T fE 324k, DAL 101 645 T IR EE S S W a4, ITFAEAS RIRLEE Fnfw & B i 7 g8 44 1
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4,4',4"-tris[phenyl(m-tolyl)aminol-triphenylamine
(m-MTDATA):tris (2, 4, 6-trimethyl-3-(pyridin-
3-yl)phenyl)borane (3TPYMB) i = H &ML R
B (triplet exciplex, EX;3) BERT m-MTDATA
S5 URF 3STPYMB Z K1) T, g, T T —ES
B SR IR, AR THOEE S W RISC
R KA. N A SCHkHE T A, 3, 3-Di(9H-
carbazol-9-yl)biphenyl (mCBP) # 4, 4"-Bis (car-
bazol-9-yl)biphenyl (CBP) J& {1 & Fk i & 4] H 7.
Wil NPT i vy S 2N AR K (=T E DS
e — A B E K 67 mCBP Ayfkgi iy h
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T mCBP #l CBP NSRBI S s iy
O FERDG VR REA TR — D9, IRk, WLk
K ICRERIN (magneto-electroluminescence, MEL)
Ve — R4 fu . o O i 7 =X, mT LR R A
5% OLEDs W5 A e i) — RIS, 4
Z A8 (intersystem crossing, ISC) &1 2, RISC
N, SES-CESM A TEK (triplet-triplet
annihilation, TTA), = 8 &% T 5 faf i 28 K
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1 RRAE SN G 5 HRAG R A g SC g e iz it
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F PO RO PR RE, A SCa 0l DL B B L
A1:1 BmCBP:2,4,6-Tris[3-(diphenylphosphinyl)
phenyl]-1, 3, 5-triazine (PO-T2T) Hl CBP:PO-
T2T 1E R A OCIE T T AR A Y a ik,
I b TN AR EE T g R R R R O ) MEL it
2. LHAREN: BAREIR T AR
it I MEL #6553 (9 mT < |B] < 300 mT)
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# Tt (5 W PR MEL #h £k 2 38 TQA i
), 2 BN MEL {&# %% (|B] < 9 mT)
(745 Ak kB4 50 7€ 24 I . mCBP:PO-T2T #4411
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7 M £k (J 1 FR o MEL i 28 % 81 RISC i
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DA A0 3R 3 Sy B 1 37 48 o R 48 o, BV 37 98 )
(1 ISC R s a4 (JETRIFRY MEL
M2 B R ISC i 2 )P — 38 AR A Rk I T
mCBP:PO-T2T ##4f EX3 E 2 (194 24 B il i 12
THFEE A YT RISC W 21 % 42, i CBP:PO-
T2T #F I 7E EX; 8] CBP /9 T, MY RE &A% 558,
M TR A YT Y RISC iR, 3:80% RISC
R T A AL XY ISC 72, SMInwE
PR IX P I AR S 8 BN A5 I SR B ISC il .

w4 & A H TQA o # W& K 5 mCBP #1 CBP
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RN T AB LT 2 A S 2 R E
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% 10 K, mCBP:PO-T2T &4 ' MEL (1% 373
rHELT I RISC ad A ISC i FEAYHEAE, 1fif CBP:
PO-T2T #Fh MEL 1% ISC i #2408 55 )5
HEBR . B 2 RISC i F2 By W s 217 )5
R R 1SC i 2 ) SRR PP 2
FE 3N 09 Z [ 55 4. bsk, CBP:PO-T2T #&
i MEL B9 E347E 10 K f9RHE F&2ET TTA
SRR, XUH B IR T BE 5 S AE B 200 DX
N =SOSR A Y75 A 3G I B R T4
HHRIE RISC R LA e 2, AR SGR s T
mCBP:PO-T2T # 4 & )2 i 45 1R F 3z 4 iy 298
Lo, DAGiR T g o A B R IR
EAYEER RISC W Rl 2 28, i, 16
WHE G TIB A tetra(t-butyl)rubrene (TBRD),
£ mCBP:PO-T2T Ky AR A58 T 7.42%
# EQE, & CBP:PO-T2T A E/RA#HE: (EQE =
5.8%), 2 I00E TR AP AU EX,
A 8 PR X g A A R I . (A 5
A, AR SCR T MEL 8908 AR 78 3 T [F] 40 57
H{& mCBP 1 CBP 35S & W5 08 v el i AL
JEE AR ) R 3 A B LI PR A e TR DG 2 1
TESCHR AR IR A Al . AR, ARSI R G
FAUMGE T IR AW R ek R b P B AL
il ERAFE, I8 AR AR R 25 7R 5 32 (AR i 21 6 o £ o
FSCR L A R OLEDs $4t T FiE 552
6 L.

2 HEFHENE

R HT i LS A BL o T AR CRR B AR i 55 1P
MEEEE S WA R 0F 1 BYZEH S 1TO /poly (3,
4-ethylenedioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS)/Di-[4-(N,N-di-p-tolyl-amino)-phe-
nyljcyclohexane (TAPC)(40 nm)/mCBP(20 nm)/
mCBP:PO-T2T(1:1, 50 nm)/PO-T2T(50 nm)/LiF
(1 nm)/AI(100 nm); @+ {4 2 76 &5 74 100 B4l |
¥ mCBP 44 CBP, li 4 ITO/PEDOT:PSS/
TAPC(40 nm)/CBP(20 nm)/CBP:PO-T2T(1:1,
50 nm)/PO-T2T (50 nm)/LiF (1 nm)/Al(100 nm).
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Hor i ITO AR BB L ST A M RHE M
RO RIS, il 2 asFRT, B RN ITO e h i
172 U, P38 5 JE /K AP R E AT K
PEDOT:PSS J&ifi it &) e HLhig ik 2 ITO F iy, 1
HABA HLIHBEZ A LiF /AL 54 B AR i i 40 1
VTR A T8 MUY . A A HLERRZ A K
R K R T 5 INFICON 2 ) f I JEE 6 ) 4
(XTM/2) A7 AW, A A o e il 72 0.4—
0.6 A/s ZIAl, LiF Al Al {4 K335 508 0.1 Al
L5 A/s. BER RIS SE UG, B HIA F R RAT,
FEAE 12 h 58I

TE MEL M 5 #2 b o i 25 4 i) i 22 2R e
HLEER (Lakeshore: EM 647) Ak ] i H.25 PG
B HIZA S (Janis: CCS-3050 S) ¥k |, Ml AR
[l E R AN TRl L X 1 ) MEL ik, %l R 450
H T AL S Labview % 248 %) Keithley
2400 18 37 186 R R % | fE 6 H 35 L DL & Keithley
2000 77 47 S mp 45 . Horhr) Keithley 2400
ANAE g ARt O S, 35 () I 3 ok 4 2 %) HL
VL. O R S Tt 2 A R BOR 5 B O E ot
Keithley 2000 3S2HC. 7R ferh, g4 T
H e ERAS. SSERFLEUR L (electroluminesc-
ence, EL) Jifk i SpectraPro-2300i YEAH 15500
. WA EEUR O (photoluminescence, PL) £
BIGFBE ST REE T RO FLS 1000 |-
SE B o A AR AT B AU & 99 Y 285 nm
NG TN, RIS PL 80 # 2 7E VPL-
ED S 340 nm YGZ UL F &, mCBP:PO-
T2T A Wk K4 488 nm, CBP:PO-T2T #
FRE A W % 4 A 491 . 2§ kG Y HL R SR A
SR RE T Keithley 2400 FIEEEEHHIE, EQE
D238 A5 B 1 EL 3% M 881 RO - i
KARMAEAF.

3 #ER53b
3.1  SB¢F 1 FnSEE 2 MIBEREEM R it

K 1(a) JRIRBYSEE0E 1 FEF 2 BIRESLZER.
Bl 1(b) 4511 T mCBP 1 CBP fJ4b2% 0 F 4544
TAPC fERZs 7L 42 T DARRARZS 7O AR 22,
1l mCBP fil CBP 1 & 4 & & H 4 mCBP #l
CBP 254y i A & A R AT A R 25 /XY
i, PO-T2T 1R R 32 M2 Ry HE A #S  HF
TR, &R 7144 )Z; H mCBP, CBP 1

A A HUE (lowest unoccupied molecular orbi-
tal, LUMO) &% (2.3 eV) 5 PO-T2T Ayfcsn i
H1iB (highest occupied molecular orbital, HOMO)
AEGL (7.5 eV) AT LIAT 20 BH 4 H - F 25 o [ i
mCBP 5 CBP B-A A #Y LUMO #1 HOMO fig
9, DKo FEER M 1M 2 R S — 2L
#HE 1 IH—1k EL 3% DL KX 4l mCBP, PO-T2T
AR R 1:1 IR mCBP:PO-T2T AY1H—
b PL i ERAER] 1(c) . ATEBERAE 1 1) EL
7 5 LR I mCBP:PO-T2T i PL % L &2,
HAH T mCBP By &OGIEA7 (353 nm) il PO-T2T
B A& AT (385 nm) #A T B I 1Y 21 7% 1R 9
XYL T E 4 1 o mCBP HgZs /s PO-T2T
R FAIRZEHESER T HMEZ AP A
& 1(a) A LIE H, mCBP ) HOMO 5 PO-T2T
1) LUMO MIRES N 6.0 eV — 3.5 eV = 2.5 eV.
AR AME 5 LS G W A i a5 % 1B 1) O BE
i (257 eV) JLTF—3, X — e TS &
YIRIE AR 22, 2544 2 (I —1k EL 3% &4l CBP,
PO-T2T FHLIE M CBP:PO-T2T ¥4 —1k PL %
JR/RAERE 1(d) . CBP Al PO-T2T #4607 43
T 392 nm Al 385 nm. S5 1 —FE, #8042 10
EL 5 CBP Y PL . PO-T2T i PL jAH b th
BTSRRI ESE. AR 2 i EL 1%
HY&IEEN] (532 nm) HHIEIE CBP:PO-T2T Y PL
7% (491 nm) A—FHAEFEM 98 nm 4K 126 nm,
FRAE SCHk [23] HRAE PT AT, #40F 2 H 532 nm (9 &6
W AT RESR H THEBMIEE &Y. LAk, ol LIE 2
#1F 2 ) EL 3% 78 X) 2R i CBP:PO-T2T 1
PL jBUEA7 (491 nm) A7 — & BB AL, FRIFLRF 2
T R AE PP LS 26 R, RIS A
BT E Y, FOEBZ S0 E S Y2 F 2
4y . [A#E, CBP B HOMO 5 PO-T2T ) LUMO
M2EH 2.5 eV, XTI FIOEE &Y & &N et
fiefE (2.53 eV). MBF B mCBP Fil CBP (1L 245
MR, o KA [FAE T R AE Lo BB R 1) % 42
75 A F (kBT 18] 1(b) H B 20 (5 FT 28 € 5B 43 )
[0 7% 32 19 mCBP M X % 389 CBP T
FEAC T 300, S8BT S —ESHMTRER. MY
TSI S E AR R S AR
BRI 3t A B R . S ), 4 ik R It
fi%) MEL 1 DL 4F 2 W7 6 1 4% 356 1) 1 B
WLt FR, PRIHAS SO TR A58 889 MEL.
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Fig. 1. (a) Energy level structures of device 1 and device 2; (b) the chemical structures of mCBP and CBP molecules; (c) normali-
zed PL spectra of mCBP, PO-T2T, and mCBP:PO-T2T and normalized EL spectrum of device 1; (d) normalized PL spectra of
CBP, PO-T2T, and CBP:PO-T2T and normalized EL spectrum of device 2.
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Fig. 2. (a) The MEL curves of device 1 acquired at different injection currents at 300 K; (b) the MEL curves of device 2 obtained at

different injection currents at 300 K; (¢) MEL;pr magnitudes of device 1 and device 2 at different injection currents; (d) electrolu-

minescence intensity-current curves of device 1 and device 2.
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Fig. 3. (a) Microscopic mechanisms in device 1; (b) microscopic mechanisms in device 2; (c) transient PL decay curves of
mCBP:PO-T2T film, the wavelengths of excitation and detection are 340 nm and 488 nm, respectively; (d) transient PL decay
curves of CBP:PO-T2T film, the wavelengths of excitation and detection are 340 nm and 491 nm, respectively.
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Fig. 4. The MEL curves of device 1 (a)—(c) and device 2 (d)—(f) obtained at different injection currents at different temperatures.
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Fig. 5. (a) The room temperature MEL curves of device 3 at different injection currents; (b) the room temperature MEL curves of

device 4 at different injection currents; (c) the room temperature MEL curves of device 3 (1:4), device 1 (1:1), and device 4 (4:1) at

5 pA; (d) the room temperature MEL curves of device 3, device 1, and device 4 at 150 pA.
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Fig. 6. (a) Energy level structures of devices 5 and 6; (b) current efficiency-luminance characteristics of devices 5 and 6; (c¢) normali-

zed EL spectra of devices 5 and 6 and molecular structure of TBRb; (d) EQE-luminance characteristics of devices 5 and 6.
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Abstract

The mCBP and CBP are two kinds of isomers containing carbazole groups and often used as the device
hosts for fluorescence and phosphorescence emission. However, there are little studies on the microscopic
mechanisms of exciplex-type devices based on mCBP or CBP. In this paper, the isomers of mCBP and CBP are
used as donors and the PO-T2T is selected as an acceptor. The two kinds of exciplex-based devices are
fabricated according to a mass ratio of 1:1, which are respectively referred to as device 1 (Dev. 1) and device 2
(Dev. 2). Their magneto-electroluminescence (MEL) curves are measured at different working temperatures and
various injection currents. It is found that the low field effects of the MEL curves from Dev. 1 are dominated by
the B-mediated reverse intersystem crossing (RISC) process at room temperature, and as the operational
temperature decreases, the MEL line-shapes change gradually from RISC to the intersystem crossing (ISC)
process. Conversely, the low field effects of the MEL curves of Dev. 2 are governed by the B-mediated ISC
process at room temperature, and the ISC process first weakens then strengthens with temperature decreasing.
The high field effects of the MEL curves of Dev. 1 and Dev. 2 are both dominated by the B-mediated triplet-
charge annihilation (TQA) process at room temperature, but those of Dev. 2 at 20 K present the B-mediated
triplet-triplet annihilation (TTA) process. The completely opposite low-field line-shapes of MEL traces from
Dev. 1 and Dev. 2 can be attributed to their different structures of mCBP and CBP, which lead to the higher
and lower triplet state exciton energy, respectively. The higher triplet exciton energy of the mCBP donor causes
the triplet exciplex energy to be confined effectively, which promotes the RISC process (EX; <= EX3) in Dev.1.
Contrarily, the lower triplet exciton energy of the CBP donor causes the triplet exciplex to experience an energy
loss process (EX3; — Ty, CBP) , resulting in the suppressed RISC process in Dev. 2. Consequently, the
overlapped effects of the ISC process of polaron pairs and the RISC process of exciplex in Dev. 2 under the
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action of external magnetic field display the ISC-determined process at room temperature. Moreover, the
temperature-dependent change in the microscopic process of Dev. 1 such as the conversion from RISC to ISC is
because decreasing temperature is not conducive to the occurrence of the RISC process of exciplex states due to
its endothermic property. The low-temperature TTA process occurring in Dev. 2 is due to the suppressed
energy loss process of triplet exciplex via the Dexter energy transfer from the triplet exciplex to the triplet
exciton of CBP donor. In addition, when the mass ratio of mCBP donor to PO-T2T acceptor varies from 1:4 to
1:1 to 4:1, the RISC process of MEL curves of devices turns stronger and stronger, which is because the devices
tend more to balance, favoring the RISC process. A higher external quantum efficiency is obtained in the
mCBP:PO-T2T host than in the CBP:PO-T2T host when fluorescent guest material of TBRb is used as a
dopant in these two exciplex-based devices, which verifies the importance of the effective confinement of triplet
exciplex energy in improving the luminescence efficiency. Note that via the MEL detection technology, the
current- and temperature-dependent microscopic processes and their reasonable interpretations and device
performances from exciplex-based devices with the isomers of mCBP and CBP as donors have not been reported
in the literature. This work provides experimental and theoretical references for fabricating the high-efficiency

exciplex-based organic light-emitting devices.

Keywords: exciplex, magneto-electroluminescence, triplet state energy, reverse intersystem crossing
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