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U B5IAX Ga-d H T H1 Sb-p HL T 09 S AR FI A RE AT B 1E . 115375 3] GaSb A5 98 B A Ak A% 4 4005 S2 50 (6 A0
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KIRFVINERSY 5|42 Ga SR FT b J ) 9 CobGa th A (RE LG E

B 1 GaSh {4 &1 ColGa A a0 B 145 H R 3 IFig. 2 The band structure of Co@Ga system

I'ig. 1 Structures of different Co@a defect sites in GaSh

NTJEM Co@Ga BRFE Fr
7 1 SRy SRR ) 23 [B) o A R
LA TAEE -1 Co@Ga Bl
B B L 1 E 2 B 4 A 1B DL
3,5 {H M 0.05 e/nm®. A
Kl 3 AT LLE W 5 0 ®
B Co JEF L. L 48
4 A~Sb J5 R YK T 4R 1 Sb R
T AT DR, Co@Ga °®
SRR BT 7 A B R LA R R )
SRR B E 4 B R B
B Co I+ 77 A W BE A
1,86 » i M B8 BVRE L (20D Y
93% 1 Co Ji& ¥ J& [l 3T 4B 1)
4 A~ Sb JE T 7R A R A B3 ST 0. 05e/nni H ColGa BRI RIY A Hea e 41
0.12;113 , ‘Jj M:/% E'\%%E E]/‘J 6% , Fig.3 The spin density for Co@Ga system, the isovalue is set to 0.05e/nm’
HAx 0.02p, MREH N Co JRF UL AFAHY Sh R PR, SRR BRI 1%.

FT H— M Co@Ga S5 R FE54 8 4 5 T2k R Co I T HIEL 4R Sb R F 1) 52
5% J# & (Projected Density of States, PDOS). K 4(a) FIE 4(b) A LLF i, Co-p T H1 Co-d HL T RIS
JEE KRR AT A, ik Co JRF B R =2t Co-p M7 M Co-d ML T I =4, MY\l
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2.2 Co@GafRFEF=EFEEEZ BNBEE
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F1JE i) Mulliken 7f J& 73 #7. Mulliken H fif 19 58 45 J& (Bond Population) £ B T & 44 b 5 i b 4 48k, 3
BUAEAE 0~1 Z[8], B0 B R 22 7 e H S B it 501 728 /0 U] 3R 7 B 1) 9 P A 4 184 0. TR 1 P o A S
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& 1 Gas, Shs, 1K &0 Gas, CoShs, 1 2 B9 Mulliken T B 2 #7
Tab.1 Mulliken populations of Ga;, Sb;, and Gaj;, CoSb;, systems, respectively
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Structures Atom Charge/e Bond Population Length/nm

Ga 0.09 Ga-Sh 0.58 0.263 2
Gajzz Shaz
Sb —0.09

Gaj CoSbs, Co 0.12 Co-Sb 0.56 0.269 3

M 2 ATLUE 450 S2) 1 2 A Co@Ga BRFEZ 18] AYFLET A 0.431 0 nm, Jay 8 R 22 ) BBk M
WRE T FRBEAGIRE TR MR 2 AE =FE sou —Eru 0 0.11 eV BHIFE SA2) A R T, Co@Ga it
B 2B B0 JRy S R A ) T FMUORR & AT A KD THRAR B Co 878 GaSh KR T B4 410 K45t S(13)
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H2 AN BREE Z A B ER B SN 0.746 5 nm, TR SRR AL T th Co@ Ga it [ 7 A2 Ja) Sk B AR 22 1) )4
BT FM ARG, HLJE BB A BEE T BAE R 347 KU LL B4 #T il LA H L Co@ Ga Bk [ B 85 22 10] f) 34
TN J BRG] B ML 5 5 B AT BT R ARG B DR 1 S SR A 2 12 FMLRR A3 B3 — e PR %0 B 45 2R
KW TE Co 87810 GaSb (A R A B T @ T2 A BRRETEF T 4.

LA B2 A A FHIASE 20 0 i) 4 8 Fh VPR R 0 3 A i R i A~ S 0 vl Jg B R 22 1 ) R 5 o L AR SR
Co@ Ga £ Jr 8 Tl .22 18] PR G AT LA e S 4 1 PR TR OR fige L B WL 1 LI 22 ] 4R AL & . Co@ Ga
BRBE T A5 K et e o2 et P e BB RS T B o5 T Y 1 R R SR B, — > Co@Ga
BRBE Y ¢ BUIE B R T ERIE R ) — A Co@Ga SRFARY ¢ BUIE LI AN 23 % 4R W1 1 S 1) B 4 00, BRI 2 4>
Co@Ga I 7 A Jmy B0 A0 2 0] B AR 5 0 MO X — BRIE 20 A FIAS SCHY THEE 45 R 2 AR AT 9.

3 4 i

iz S — PR LDA+U M EBF5E T Co 8% GaSb 23K (1 Hi 45 14 R REFe 1 . A3 B 250 an T
D Co 441 GaSb K &, 848 Co B T1E PR BEHAL 77 JR BURE SR, 24 T RE RS 3 TR BER . — 1> Co@Ga
SRBATT LA 200 B R BUREHE L REHE FE A TE Co Ji 5, Co@Ga SRIEHYHL T 4580 e e 2% 1% s 2) & —
A Co@Ga ikt [ BB & L B9 PDOS AT LA AL, Co J5U7-FE B B9 4 4> Sb 57 B8 i BB S & 15 1, Co@
Ga B BE 7 Az 1 Jay Jol i R 2 7 5 L [R] VE TG 45 21 18 2 19 Co JRUT 7 A B RERE A 1,862 » Co J5UT~ Ji] 1R 3 4 114
4 /> S F R 2B A Sb I 77 AR B BERE A 0.1420153) Co@ Ga Bt B 7™ AR oy WU i 22 ) 9 R 5 o FML AR
L FM GRS N AY To S ii 3 1 410 K, JR 3 2 8] 59 FM RS AL H Al L B4 58 A8 18 R figg B A
YT S R RWITE Co B¢ GaSh MR A BB 5 T & IR A ERRE M K 4R X g 5286 Bl %5 GaSb Sk £k
2 AR SR AL T — S A BLE A

K2 RGEHMAMGERET S(12)F S(B)EMNEEERERERE
Tab.2 The energy difference and T between AFM and FM states for S(12) and S(13) structures

Structures D/nm Erm/(eV) Earm/(eV) AE/(eV) T¢/K
S(12) 0.431 0 —68 585.35 —68 585.24 0.11 410
S(13) 0.746 5 —68 585.39 —68 585.30 0.09 347
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Electronic structures and magnetic properties of Co doped GaSb based

on the first-principles calculations

Lin Xueling,Pan Fengchun,Zhang Hexiang

(School of Physics and Electronic-Electrical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract : The electronic structures and magnetic properties of Co doped GaSh are investigated systematically by the first-
principles calculations based on the Density Functional Theory(DFT). For the exchange-correlation function, the Local Density
Approximation(LDA) +U method are performed on Ga-d and Sh-p. The calculated band-gap and crystal constants are in good
agreement with experimental values. The results show that the defect Co@ Ga can induce 25 local magnetic moment in the sys-
tem, while the Co@Sb cannot induce local magnetic moment. The magnetic interaction between Co(@ Ga is ferromagnetic,and
we estimated the Curie temperature of about 410 K for the S(12) configuration. The ferromagnetic coupling mechanism is dis-
cussed in this paper. The research results shed light on the potential of the system as a good candidate for ferromagnetic semi-
conductor with higher Curie temperature.

Keywords: GaSb; Co doped;electronic structures; magnetic properties;the first-principles calculations
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