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THE YIS S RIHOR SAR MRS, SRS =
WO R BT (RE & 2£2<0.37 e V) FIERIT 1
TR CEL 25 M ) (R BRI 400 ) S 2 PRI, BT B A 2k
KA LT, DrwalZe NPVeEst LR A7 A4 2%
B-ZRAREMAES,-T)) 5%, RGHRT T H AR
S T ORBRRISC BV E . B T8, @ik
TEASHRAS FRER 22, 1T Bk E BER LI AE(S,-T )
M. 24HOMO-LUMOR #efR 4 e /N, [ el Ak T
{HAE(S,-T))F%1%0.2-0.3 eV, X J9BRMES,-T, B AL H2 it
THEMAHEEHKYE. ChenZe A'VL HLOBLIATE 13537,
4 J8 B 7 (Fe* . Co*'. Ni*") R & H g (High
Spin, HS, S = 3/2); M SELATE ik, T80 1 R IK
H fig#&5(Low Spin, LS, S = 1/2), NiFIE T &R E T
() e A BB T 20 T BT 5%, Schafers AMiE
5] N ISR T B (A R, YD H T3, FREH SN
R T 158 R 7] & B (Inter System Crossing, ISC)RH
M5 B, U0 ARSIEINA(WH . HBimEg
REOMER T RSN, ¥R e & MR
B2 Ak, (EREH BT TR 510, Liuge AUk
DG5S RE A = 2835 (Triplet, TT)RSM MR SRR
T2, WESAIG RS A R BUR o, 1K e I I
STRLFTTA, #8n T EE L L& = &=
4 #4518 K (Triplet-triplet Annihilation, TTA){E Zid #2H
MEEIEA. Xue NIy ORI 58U A e
AR M N EBE R, B Re 0O Feli s M
& e R B EE A g vy L EAA Y, s o Je it d i 7 11
. SR, TEREAHIER T B e L i) J oot
BT A5 A RIS AT A A B A R () D B 2 1),
R LS [T HS [ A8 el i 12 7 I O R A 72,
Bk Z 2250 10 S50 50 UE A HR AR

Fik # 4% (Cobalt Phthalocyanine, CoPc)!'* '3
HCVE B 5 R A B RO AR R, AT AT IE D5 T4
. EEZE N, CoPe/y T B idn-ntERME 2 IR 45
140, B2 N 19 23 T OR A5 A 1R S T . 6 AN RN R 3
WS, CoPcH 4 B T AA (EHSRILS B fh B e &7
PRI A LS, fERRSAR T, B EE T A
REEBUMRIIHIE, TERLSE; MTESS fMikyh, By
5y R 2 BE R AUE, dPUEREA D, T TPATHER
JEHHSHS. CoPciX PSR I 14544 . SOCHFHPEAIA]
PR iR, ARTIECT . HSFILSH A [ g 2 1A
(A LA FH AL SR A T — PR AR ik £

AHJF 7T ACoPeAE NHS RILS B A H e 2 1 5 5
T, #1147 45K HITO/MoO5(5 nm)/NPB(60 nm)/CoPc:
Alg;(1:1, 5 nm)/Alqz(80 nm)/CsCl1(0.6 nm)/Al(120 nm)
HIAB HLHEUR Y6284 (Organic  Electroluminescent De-
vice, OLED). g6 R — M RIETT %, RGTHE
W3%(0-300 mT)AIIE (145295 K), 454 BBk G
K, IRAIRFLCoPely T H e e #0174 H R %
BLIL 5238 R I, Wi 3 LS —HSH A (he'eg’) &
HOR 1A AR, SBURLSECT BRI

2 FHHESNE

ITOB AT IRMKIRAE NI . OB K& T /K
FEIEVELS B, Fm R R SRIErh TIRG, fERN A
TEPR A TR AR 1300 B0, DAIE NI TOZR 3 v 1
A S RE. R B #ZE R E A & OLED#
T, EEAERT2x107* Pali&l: T, KRBT
HIREZE. LS nmIMoOs )2, T4 3l B8 v
60 nmfINPB 7 /A& 412 . 5 nmffJCoPc:Alqs(BE/K b
1) EBESHEAEZ . 80 nmiIAlqs BT £ 512 -
0.6 nmffICsCIHE TN JZF1120 nm AL AL, I8 A
B 42 1) 7% 2 3 22.(0.01-0.03 nm/s) FIRFA], S22 i 2
JELRE SRR R . A e 3 M JEL A SIE N I S A
BMEE . FlHKeithley 24009 £ FIPR 655 GHEAX
MR RS, W& AR - FUR - RO RE
PEI-U-L). 1 HIf (Magnetizing Current, MC)FI 55
& H:(Magnetic Electroluminescence, MEL )R TE FL#
2k(Lakeshore 643)FI{KiE 5 (CCS-350s)— 44k 5258 &
Grrp AT, iZBEE AP AEE350 mTYE R &S K
Wy, WisnormaEE T, S256id #218 FH Lake
Shore 335%4iR 4%, HAZFEFE M. HEA
5 JE AL K75 (Resistance Temperature Detector, RTD)F!
P, IR EREER0.01 K. MCXMEL4y 3152 X 21y
1(B)—1(0)

MC = =755 X 100%,
_ EL(B)— EL(0)
MEL = == o= < 100%.

I(BYFIEL(B) 43 RN AL % B4 A 1 FEL UL 38 &
MBI, BRI NIMINEAB) T, 284
TR BE (D AN R 68 BE (EL)BE S MINRE 37 A3 A2 4 1)
Pofl. @i Ll g-e- AR R4, nTeLAE B
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FERMMC S MEL S .

3 HREWE

N T RS, X BAESE NTTO/MoO5(5 nm)
/NPB(60 nm)/CoPc:Alqs(1:1, 5 nm)/Alqs(80 nm)/CsCl
(0.6 nm)/A1(120 nm) i) 54+ (4n B 1 FroR) fir 4 N A SR,
BB R CoPc X L 28 FITO/MoO3(5 nm)/NPB
(60 nm)/Algs(80 nm)/CsC1(0.6 nm)/Al(120 nm)# % NB
M. BT CsCUEEAN0.6 nm, AL 51 J5 i
120 nm. EIH A H — N /R R IECsCUAL

B2 BN TAEE#295 K& T, #RPEAAF &
Hi & FMEL HI 2R BEREIA R (B, P AL bR R
W75 g . EARIEZ(<50 mT) N, MELEAE b Tt
TE = HEA(>100 mT) N, MEL_E 72218 3445 153722 H
TR (EfSERNZ, Ski% FMEL EHIRERE Sk
o EE P B3 KT AR /N, ER, B AN R A
K, MELRZ M2 8B U R L PR FFAAS. fE R —
Wz ~, B HE R/, MELTEEAE ARG K. 5
i, EIEM#E3%200 mTF, HJES. 9. 108111 VAT
N AIMELAE 73 511°80.74% 0.63% 0.49%4110.41%, &
AL EFRA 1T HE AR 1

CoPcr (&2 (a) i 7~ ) H K (Pe) R ER A &5

CsCVAI (0.6 nm/120 nm) |

Alg; (80 nm)

NPB (60 nm)

MnO3(5nm) .

 TORBNE

B 1 (Mo E)a AL /7R &

Figure 1 (Color online) Structure schematic diagram of device A.
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B 2 (MR B S ATEA R B R EIMELBH 4. (a)
CoPc/r A5 IR EE B, (b) ColH g4 LS AT HS 4 B A4 (1)
Bk PR Aok L SCHR[21], ELARAFHERAL)

Figure 2 (Color online) MEL curves of device A under different
voltages. (a) Schematic diagram of the molecular structure of CoPc; (b)
specific energy level diagram for the conversion of the Co spin state
from LS to HS [21] (The image is reproduced from ref. [21] with
permission from the publisher).

THIR, AW B R, B RN,
OO EN, TE K& K- O, X R
{1221 CoPe R EBCo? A NCo> . Co* [ T-# Ky
3d’, Co*"A3de, HAEL i E2(b)n. H ek TAL
K375 8 (A) 5 BT O e (P T2 4 2122, St 8
AR (A > P), HE 2K B IE, B0 SRR g
. RSB < P), R A= BE, B
AIAE YT Z AR UE DR E CHE . BRH R T 50
WBCAR(A =~ 2.7eV, P = 1.8¢eV, A > P), PR KM
Bethdz 3. R, fEFMA T, SIFAKRIEERICoPe
S H R LS & g eg?).

I IIREN T, #81FEA R TR0 S BE R AL Fr ik
ERCERBE SRR T. WRIE A g i)
BT M =R ET ARG 813, AR T
WILOLED, HERLRE ratwEdEREAR
HBY BEE RIS OR LR W AN, %E 2 (Zeeman)fE /> 5L
MEEPERE I FEIEHAE = A—P = 1.6-1.8 ¢V,
ST HiEegHiBE L HSE (bg'eg’), CoPcH iERS
MLSFHEHSAWH AL, T Hied 580 T 2 [ 058 ik
M HAE, CoPcHJHSHILSA N LRI T =44
PP A b AR R R R ans(1), X
A8 3 AH ELAE FH B ()0 WA AR LR A 7 125200,
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Horh, H JoRAEHAE ELAE VA B0, S\ RIS, 53 3
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FELSA N, CoPcl) e 51ENFAL T A Hfl B
TEMBES, WnaQ2), MR A s ARG e,
BT A B Ry

Loy St = L = 25% @)

T

HCoPcH ANHS A, H A e 5 BT 1) AL
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U RAEE. fEAHLR G 8 F, Gans NP¥5]| i
TP EUR R T = RSB R m50%LL b 78
CoPc/rFH, ColfR ¥ P Hmik27. HiMi#s ik &Nz
H I CoPcRE IS M K1 s SOCHR ) ek AL ZR(S))
B = 26 85(T))ISCId 2.

K32 ARIBI ZE BET LU . 72 [F]— FL i 5
100 mA/cm?® R, 2415 AR FEE /254.6 cd/m?, #31FBIISE
JEES5052 ed/m?®, Ji5 & HISERE T 1992565, HIkAT
., CoPcEH KIISOCIEH, SE#MRIEN T KE
FLR A IBITISCHLE N =26 5.

FEWEIZE F R, HSASCoPelf) FL T 2540 A 43 R AE Wy
B S S SOCHR FEIk TS, PR T BT I =43
B MISCIE S, T He S R AW IR, (E159%%
SEA GG, TS EAR R RR, &R
i IEMELIEE M RE3A 8 N s K. 28 FA S KEM
SR, FETTAX SR MRS B3, TTAR
WA =S T(TOMEER, £l NRESET
(SHOFM—AEES TR, @), ERIFARNZE
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Figure 3 (Color online) Current density-luminance relationship of
device A and device B.
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M, #ZESI8 nm. (HiZE, AN 0T 2
120 nm, #R{FBIIY-IETE /288 nm. —#FH MLk, Z/1FA
208 U5 FE R 532 nm. W ERISC £ %, HT #N4S,
P TR ERIE, MAS SRR, wmfe
TTAN F T, A RUH 0 2R STl & R AR IR 1R
o ig, BIRIEIEE R0 R 50 i kaT , e 8%
TEARNE, TTAMLE & T U NS T
1 5 AL

TEF—HE R, JMmkgs 2 e R T8 4F N
TTAISFE, 1S3 1F e B3, 20 £BIMCHE
s ETE, WAEREZ 200 mT, HUE N9 VI, MCIEE
1K0.12%(anES). ER—Widn T, HHEF R, #i
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Figure 4 (Color online) Normalized electroluminescence spectra of
device A and device B.
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Figure 5 (Color online) MC curves of device A under different
voltages.

Kl6A27E = 295 KN, HUE A8 VI 234 MELFI
MCHIZE. M E6(a)rT LLRH S E2 5, 7 R KR /N T
40 mTHE, PEZEAEZRMFIMEL 2 %5 £ BUHGE -7+
fadh (B, UiEE45 mTis, 28 8 FBIMEL L
FHaBE AL, (H— B AT P LT pkass. 2R,
5 4 CoPc I 2 4- ARIMEL Hi 28 b T+1-22 ik 2Bl
A IRH, TEE—R7 T, SEARMELE RN, 61
i, ERE%150 mTHE, A. BEsfHIMELAE 7 52
1.903%710.693%, J&&ICAHTE1/3. BT EMEL
MG IE T, BEE RESA I ASBIE N, CoPel) H g
AN HSES,  FLR ST RO AR X IR B S 1,

300 -200 -100 0 100 200 300
Field (mT)
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B 6 (MashikE)=R295 KT, HENS VI FIIMEL
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Figure 6 (Color online) At a room temperature of 295 K, MEL (a)
and MC (b) curves of the device when the voltage under 8 V.
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P BIE 25.167%, HASGIHRENE. Foh, #H1FA
A RAERRAT R, X R AH I RS 40 T AR
(Hyperfine Interaction, HF)FISOCT il fr) B2k 45 - = 2%
A8 K (Singlet-triplet Annihilation, STA). TTARI =4k
Z5-HLfnf 8 2K (Triplet-charge Annihilation, TCA)%§ 2745
TE g B0 T R R R AU S S SOC L
B, 1O R RS, 1] = AT, ) R ] Rk, A
MR = HAB IR, #mmEITTAS TCAE 2 1)
o4 AR N, HFMEHEISC, SR T, =
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SXof i B 1A K R B S B 0, 7R HR R AI10 VIRE, MEL#R
KAE M E 295 KN IL10.7% 52T+ E 145 K 1%,
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Figure 7 (Color online) MEL curves of device A at different
temperatures.
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Figure 8 (Color online) /-U characteristic curves of devices at
different temperatures.
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Figure 9 (Color online) MEL curves of device A at different voltages
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This study focuses on the regulatory mechanism of magnetic field and temperature on the spin state transition of cobalt
phthalocyanine (CoPc) molecules and its impact on the performance of organic electroluminescent devices (OLEDs). By
constructing an OLED device with the structure ITO/MoO3/NPB/Alq;:CoPc/CsCl/Al, and combining optoelectromag-
netic integrated characterization techniques, the regulatory mechanism of CoPc spin state transition on exciton
distribution was systematically investigated within the range of 0-300 mT magnetic field and 145-295 K temperature.
The experiment reveals that the magnetic field induces the transition of Co®" ions from the low-spin state (LS, t,g eg?) to
the high-spin state (HS, t,g*eg?), which significantly enhances the exchange interaction (EI). This enhancement increases
the generation proportion of singlet excitons from 25.00% to approximately 25.17% and effectively promotes the triplet-
triplet annihilation (TTA) process. Magnetic electroluminescence (MEL) tests show that the MEL amplitude raises
rapidly at low magnetic fields, tends to saturate at high magnetic fields, and decreases with the increase of voltage.
Device A doped with CoPc enters the saturation state more easily than the undoped control device B.
Electroluminescence spectra confirm that TTA is the dominant mechanism for exciton conversion in the device, and
the magnetic field improves the luminous efficiency by enhancing TTA. The study of temperature effects indicates that at
low temperature (145 K), the probability of exciton generation in the high spin state increases due to the difference in
Boltzmann distribution, and the MEL amplitude increases by 43%. Meanwhile, the weakening of carrier thermal motion
prolongs the spin coherence time, but the space charge effect at high voltage leads to the saturation and weakening of the
MEL signal. This research provides a theoretical basis for the performance optimization of organic spintronic devices and
reveals the influence mechanism of tunable spin states of CoPc on OLED performance.

cobalt phthalocyanine, high spin, low spin, exciton, OLED
PACS: 72.80.Le, 71.35.-y, 78.60.Fi, 78.55.Kz

doi: 10.1360/SSPMA-2025-0294

274211-9


https://doi.org/10.1360/SSPMA-2025-0294

	磁场与温度调控CoPc自旋态对OLED激子分布的协同机制
	1引言
	2器件制备与测量
	3结果与讨论
	4结论

	Regulation of cobalt phthalocyanine spin-state transition by magnetic field and temperature for exciton manipulation in OLEDs

