Chinese Physical Society

Mi!ﬁﬂ Acta Physica Sinica

€D Institute of Physics, CAS

PHES F == (A AR e R

ERA HREH R4

Study on magnetic moment of cation-vacancy

Pan Feng-Chun Lin Xue-Ling Chen Huan-Ming

5| 5 & Citation: Acta Physica Sinica, 64, 176101 (2015) DOI: 10.7498/aps.64.176101

TE 25 7% 32 View online:  http://dx.doi.org/10.7498/aps.64.176101
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/117

B RERSLBME S

Articles you may be interested in

He 5748 H8 6H-SiC 5 N Bk 1SR 7L
Spectra study of He-irradiation induced defects in 6H-SiC
Yy 2422014, 63(21): 216101 http://dx.doi.org/10.7498/aps.63.216101

UUSE TR ZnO Hs 80 T 5 B 22 1 AR H UM R ) B
The effects of precipitant on the defect structures and properties of ZnO varistor ceramics
YE = 4.2013, 62(22): 226103  http://dx.doi.org/10.7498/aps.62.226103

Er3T 75 KPboBry f A i G B A x4 K e il 1 5w
Influence of site-selective doping of Er3* on the upconversion spectra in KPb,Br;
PP 2EH%.2013, 62(21): 216101 http://dx.doi.org/10.7498/aps.62.216101

BB IR e NI VR 7T
The magnetism study of N-doped diamond
YHE%4:.2013, 62(16): 166102  http://dx.doi.org/10.7498/aps.62.166102

ST B B 10 NG B B 1 2 T T 350 R 225 46 £10) 5 i)

The influence of deuteration and helium-implantation on the surface morphology and phase structure of
scandium thick film

PP 2EH%.2012, 61(17): 176106  http://dx.doi.org/10.7498/aps.61.176106


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.176101
http://dx.doi.org/10.7498/aps.64.176101
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract61546.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61546.shtml
http://dx.doi.org/10.7498/aps.63.216101
http://wulixb.iphy.ac.cn/CN/abstract/abstract56614.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56614.shtml
http://dx.doi.org/10.7498/aps.62.226103
http://wulixb.iphy.ac.cn/CN/abstract/abstract56523.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56523.shtml
http://dx.doi.org/10.7498/aps.62.216101
http://wulixb.iphy.ac.cn/CN/abstract/abstract55097.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55097.shtml
http://dx.doi.org/10.7498/aps.62.166102
http://wulixb.iphy.ac.cn/CN/abstract/abstract50592.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50592.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50592.shtml
http://dx.doi.org/10.7498/aps.61.176106

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 17 (2015) 176101

PRE F = R REE E R

&R A&

TR

PR e

(TERFEWEEAE BB, )11 750021)

(20154 3 A 17 HU&H; 2015 4 4 A 14 HI R EM8H )

ZHARER M THOEBEAR K TT %, RGBT TT 1 ARB 2 WNE - T O BB T A A AR A R SR A, O
AR ER AR W] T 2 )R A SR A LR, WU BH B8 7 e R MR PR DR/ 5 o 90 R B e LT P R T
X LT HCR SR, TSR BE REZR A 20 AT 5 A B R R AR TR R 9% B IR R ) SRR A RV BR REIR S T O E
BEMFEZHAE R o, HAE R B Jo (915 50RT DLRI SR IR 2 TR RO AR 5 02 5 N ERBERR &2 Jo > 0,
VU 2 B R FE 2 T (RO R 5 M BRI 5, I 2N CBRBEARR & R e 48 B AL ) LRI B i ZE B A2 (John-Teller 2K
JS2) PR JEERL - SR s B R A T I B AT PRI 5 o 40 SR RE R U P P 1 (O 8 H AT LR IR R AR,

KRR PHE 70, WA, BT, WRRE

PACS: 61.72.-y, 71.15.Pd, 71.20.-b, 71.22.+i

1 5 7

W L1 A MR B i S T A AR, [
B BRI RE B R PR 2 AR ) B s 1 i
(R B~ A4 B i F - SR A S B A R, AR
HA7 5 BN A A S VB R — A Y e
B e R R WA I DA RN (15 1 7 S X N
Tz M B Ak, R SRR R
RPN =24

1) KA T 4K (magnetic semiconduc-
tor) AR}, 1] W A AL ) AT T AR B R A R
B IX ARG A S I RE T T R, SR,
XA RL I S AR 25 K G G 1) 2 AR A R R R
AN, 1T LK S it A 10 A A R PR HE AT AS BE
RN SRR

2) I AEAL G TR R B dk Fe, Co,
Ni, Mn S C, NI TR, XHER
L3RG Ml S 44 (diluted magnetic semiconduc-
tor) MR E R E. Munekata %5 P T 1989 £ 1
URINAE Mn 204 « < 0.18 B Iny_,Mn,As 4R

DOI: 10.7498/aps.64.176101

Tk & R I B WA, 4k Ohno 25 1 R I T
HJm BUREE N 75 K MM L (Ga, Mn) As. B
FACI 7 T HRAMEF AT KRR, ANATE D gk
TREME RS FAE TV R S R I A FE R e R
RELGEHV- BT ZMEEHE, H TSI, Gelf)
IV TGRS A T B A de A I g e AR}, Park Aiff
T B SE—UARIE T Mn, Gey_, BT, T8I
Ao EE R DA% ) B i R T L BF 7T 4 O 4
Park I 70 BCR ERE A BSOS 25 3, X 7 T
TAEAE ——H3R 710, BEF IV R TG S
AR ) 2 E AL AR — BRI A,
XA I T Dietl £ U (8 72 5Tk, 441 Zener
B E BRI EREEGER p M ZnO
JERREEE T ER. B AR, £Zn0 %
A Fe, Co, Ni, N Ju R T LIS BIWEA 7 1) F 44
FARE 0213 O T AR, A5 3] T SEa A Ep
HIE 1= 18] et D90 SR Rk b s URR (PLD) (5
& T Cr: ZnO i, 203 i 2R 1 5 B 2
P IR SC. T4 O] S [ M 2 I e 5 v il 4% T
Co: ZnO # i, KIUFEmhAE = I T R I AR .
3) I B VRN R B AR R K

* [E X HRBIAIES (MHES: 11447160) F17 2 & S AR AR RTUE (bS5 : NGY2014048) 55 Bt U,

T #(E1E#. E-mail: 13995116713@163.com
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

176101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.176101
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 176101

2 A AE 2 AR ) rp P A B B AT DA R A
RIESS 24 WA 2 S4K (defects induced magnetic
Semiconductor). S5 b AE B % (1) % IR 2k L 1R A4
B2 Venkatesan 25 P12 S5 78 HEO, & B,
Forb RN SO T NATTNS R 2 5 AR e v i
PRI RGNS, T T 51K T At ot mg ik
P FARTE TR A, Liu %% P43 — A TR St
f SiC B LI B T e, RO R
WERA K. Song 55 P9 £E Al #5511 4 H-SiC i
ME TR, IV H A R BRI 2 sp? /sp® 5
GEAL R R IL R RGN, B A — Se s 06 A B THE
W BRHENE B RDY  h  HEL T A SRR AR ) B S
TAENA K. XTS5 AL A R B SRR K 2
N ERARRIERE MBS 2, FLRL S i SR R T S R B
FLT AR B B A RERR AR, TR R REZ SR )
RS FRIE B DDAH O, XA R A SO 1R B

2 WikEER

LRI AR R, R R, &
GUIRZS LB R BORFNIE, 12 A SN AT 43 0R
AR AT P AL B 5 AN A AL AE,
N [A) g A AN S5 A 2R K P A 25 R AR A R
SEBOS PRI AT 7 2 TR AR AR OR 1, T B A T A
T R BT LU 73 1 S5 R i s R AN AT 4
FORIIEE. AT FHOEIIR T, &
G TL 1 AR B A WA A AR P B T 2 AL AR
PR IR, I P AR CR AR TR ] W) RGO 2 A] ) A
BB G UL T i B ATRE M2 (L S5 48 1R Bk R 73
R AR B s 1 A A

2.1 BBET; MRS AIgER

A 3C-SiC A, —A Si a8 frH Bl AR 44> C
7 BA ETHARS M, BT T, 8, 2 IEmmiEss
AN FRIE R, 24 N E LB T AT LUy N 5 2K,
BT LAFEAT 5 AN AT 29380, FLRFIERR R AL
1.

NTAETRER, AT 2460 Bl Py A C R
53 AR Cq, Co, Cs 1 Cy, A I T A4 1) H 0
AL TAbRE AL, T Cy JEFALT 2 Bl B, il 1 B,
117 DA C B 1~ (1 =2 EE B 4 (spd $LiE) 435 F S,
So, Ss F1.Sy KR, ARG MBI & SR PAR I — A
SRR ERVEVE F 2 IX L0 S .

1) SR B, XA TSR TE B A o
B, PR EAR TN 4, X(E) = 4.

2) Gl A 5E i B B 45 AE Ls, LASE Z e %
NG, BT Sy A BAE A B K R AE bR I ST R A 1
Gb, HR Sy, So 1Sy 3o B 3 M A AL B, Pk
X(L3) = 1.

3) B ANRAE, X (L2) = 0.

4) ot S RAE, X (Ly) = 0.

5) 5% 10 G A, Uhoxz MIHI, Sy, Ss i E A
A KRR B DT R O 2, LR A B Y 2, BT DA
X(My) = 2.

R Ty LR
Table 1. The feature table of T; group.

Ty E 8L3 3Lo 6L4 6My
Ay 1 1 1 1 1
Ay 1 1 1 -1 -1
E 2 -1 2 0 0
Ty 3 0 -1 1 -1
Ty 3 0 -1 -1 1
r 4 1 0 0 2

Bl1 C-SiCH Si A gittn s B, AEA Ty MFRIIE
VY TRIAR 244
Fig. 1. The structure of Si vacancy of 3C-SiC, with

regular tetrahedron structure of Ty symmetry.
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ATUEW, BT =181, R =LA
HHEFMPERE, R B <0, frlEEsFEN L
(BT B AR A BE

N AT L ZnO, SiC, GaN Hl4x N A [25-28]
i A R AS TR A7 EOIR S R B BE S S A R AR
FE AT 43 MBI, 5k [ g 2 1) LT S5 A 3R 2 BT
R, HA R RS 4+ 5 = A BIER R B e S E e
ERE
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(AL 27 1
Table 2. The electron structures of different charged

cation vacancies in ZnO, SiC, GaN and diamond.

R Prig e BTHH RTEN BFERD us
ZnO 0 Ty 6 a?t3 el 2
-1 Ty 7 a?t3 62 1
-2 Ty 8 a?t3 t3 0
SiC 0 Cay 4 aZb? 0
-1 Ty 5 a?t3 t0 3
-2 Ty 6 a?ttl 2
GaN 0 Ty 5 a?t3 10 3
-1 Iy 6 a?t3 el 2
-2 Ty 7 a?t3 12 1
EWE 0 Cay 4 aZb? 0
-1 Ty 5 a?t3 t0 3
-2 Ty 6 a?t3 el 2
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i, B TR Ty XEARE 37, BREERESAE
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H, X SiC A NIk B, TR Si A LA C 2= A
1 Az John-Teller 8N I 43 45 % AR VE FEAK, B
J& KN Coy, LI SRR AE J2 42 80 B35, Xl 2
FEH PR Si A AL C 23 AN 237 AR R A iR A
Z T bh4s KA John-Teller 2B 448 /& R 4k 2 i
A ZR, BATHR AT LN, HH T H 54
T B BE A PIE R A NI, fR T A R O
H s FRA, X2 John-Teller RN A AE [ 5% 4.
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HAFIEARR WA 3.
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Table 3. The feature table of C3, group.

C3y E 2L3 3M,
Aq 1 1 1
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E 2 -1 0
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1
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Study on magnetic moment of cation-vacancy”
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Abstract

We use the group theory and molecular orbital theory to systematically study the origin of magnetic moment
of cation-vacancy in un-doped magnetic semiconductors, and illustrate the mechanism of exchange-coupling between
magnetic moments by Heisenberg model. It is found that the magnetic moment is related to the number of unpaired
electrons, and the distribution of defects energy level is correlated closely with the symmetry of vacancy crystal field.
The exchange-coupling coefficients Jy is estimated by the energy difference between antiferromagnetic and ferromagnetic
states. And Jy can be used to predict the magnetic coupling. Positive Jyo means the ferromagnetic coupling between
magnetic moments, otherwise the coupling is antiferromagnetic. Moreover, we indicate that reduction of degeneracy of
defect energy-level bears a direct relationship to the electron number occupied in the defect energy-level orbital, and

therefore results in the structure distortion (John-Teller effect) of a cation-vacancy.
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