F43% 4 K Ot ¥ W Vol.43  No.4
2022 4F 4 H CHINESE JOURNAL OF LUMINESCENCE Apr. , 2022

XEHES: 1000-7032(2022)04-0482-19
BERE S Mn®*-Mn® " 251X KA1 W iF o ik g

KRB, REWE, Ams, »F M
(1. AR BT MR S TR, JOME S SRR E LR,
JTRB I BB B R SR E, 7R J7M 5106415
2. JTPERA: BRI SRR, [P S m R AR T SR, TV BT 530004)

T SR Mo’ B0 A A B AN R RO PRHE SR | R A T, M B FEA 5 A
ARIBASE) d HLT  IBAAE RO R P R A R TS FUAR o) ST AR A Mn®* B4 A S 5 sl S e/ T IV REAT
HAER], AR EAE R FIAE 7 RO T LT A S A AR R A R BE ), (A RERR & Mn® " -Min®* B X9 ) 21T
AN TFARSL M B TR RA TR IS A i i () A ST LR/ R W R AR S B RE T
5o (Hi TR BRI B TR RER L A5 AT sp-d SR FIAE SN Z A2 LS AR
FBRAR, Xk Mn®* -Mn®* 8 [ REAH ELVE IR A B O A 6A T A B A A 2 s, BEE RIS I AR AR
— SO FRAE T BUUDCREN ARG A, _EIRIRRE AT ARG BRI, A SCH e B 0 P B 7 R AR L
VEIZEARL BB E SRS 2354 Mn®* -Mn®* 8 IREAR S RO HIR OB R SHOGiE 9E0 75 dr MR G800 i
MR JFE HLUBSRDT T REIE] Mn® -Mn® " REA AR TR SR RIZE B AN RIBOR B B A T R A5 0 1k
FBHE LED S FAEaUs R e T TS,

x 8 i\ Mo’ WEMEAER, &k
HESZES: 0482.31 kFRINED . A DOI. 10.37188/CJL. 20220006

Progress of Luminescent Behaviors of Mn®*-Mn*"
Pair with Magnetic Coupling Interaction

ZHU Xing-lu', SONG En-hai', ZOU Bing-suo’*, YE Shi'"

(1. State Key Laboratory of Luminescent Materials and Devices and Guangdong Provincial Key Laboratory of Fiber Laser Materials and
Applied Techniques, School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China;
2. Guangxi Key Lab of Processing for Non-ferrous Metals and Featured Materials, School of Resources,

Environments and Materials, Guangxi University, Nanning 530004 , China)

# Corresponding Authors, E-mail ; zoubs@ gxu. edu. cn; msyes@ scut. edu. cn

Abstract : Transition metal ion Mn®>* doped semiconductors/insulators as luminescent materials have
found significant applications in the fields of light-emitting diodes and displays. Due to the five un-
paired electrons of Mn’* and normally the high-spin state when used as dopants in luminescent mate-
rials, the exchange or superexchange interaction, i. e. , magnetic interaction, should easily take
place between Mn®* ion and the nearest neighbor Mn®* ion. The interaction can generate a strong
binding force at the molecular scale to the spin of electrons, making the luminescent behaviors of
Mn®*-Mn’" pair different from that of isolate Mn®>* | like the shortened decay lifetime, abnormal
redshift/blueshift of the emissions, multi-band emissions and unusual magneto-optic behavior. How-

. . . .. . . 2 2 . .
ever, the confirmation and assignment of magnetic interaction in Mn" " -Mn~" pair and its effect on
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luminescence behavior is still controversial because of the interference effects of concentration

quenching, defect, phonon coupling, energy transfer, the sp-d exchange coupling between Mn®*

ions and exciton and the limitation of testing instruments. With the deepening of research and the intro-

duction of some new techniques(like the photomagnetism measurement) , the above issues can be partly

solved. This review firstly introduces the fundamental theory and knowledge of magnetic interaction be-

tween transition metal ions. Then the effects of magnetic interaction of Mn>*-Mn>* pair on the absorption

spectra, emission spectra, decay lifetime, and magneto-optical effect are reviewed. The virous measure-

ment methods were emphatically compared and discussed to prove the existance of magnetic interaction in

Mn®*-Mn’" and assign the type of interation. Finally, summary and some outlooks are given,concerning

the potential applications of such materials in the field of LEDs devices.
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(a) Schematic diagrams of magnetic moment arrangement of Mn®* ions with antiferromagnetic( AFM) interaction( i ),

without magnetic interaction( ii ), with ferromagnetic(FM) interaction( iii ). Schematic depiction of 180° type(b) and

90° type(c) superexchange interaction between Mn**-X ™ -Mn>*. (d) The splitting of energy levels of Mn®* -Mn>* pair

in ‘GAlﬁA, > and | “A*T, > state.
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Fig. 8

(a) Magnetic field dependence of DCP for different < ny, > Mn®* : ZnSe/CdSe nanocrystals'"®’. (b) The absorption

(black line) and magnetic circularly polarized luminescence( MCPL) spectra(red and blue line) of Zn, s Mny o5 Se with

the magnetic field of B =6 T and the temperature of 1.7 K( the inset shows the magnetic field dependence MCPL curve of
Zny gsMng o5Se). (c¢)The magnetic field-dependent Py, and Py, curves of Zn, _ Mn Se(x =0.52%, 1.5% , 3.5%)

and the Brillouin magnetization curves for S=1/2 to 5, g =2( dashed lines). (d) Illustration of MCPL transitions of iso-

late Mn’* ( monomer) and Mn®*-Mn”* pair(dimer) in Zn, _Mn Se system
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