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Fig. 1. Structure of GaSb supercell, where the big green
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fh 7R, ST AR Sk TR AN BN 34N, il
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G Ci1 —Ci2+3Cu 5(C11 — C12)Cua

10 8Caa 1+ 6(Ch1 — Cra)’
CRIT1: Ci; >0,
CRIT2: Cu >0,
CRIT3: (i1 —|Ci2| > 0.

K2 25 T 14% 5% R A8 X (8] g 2 Fa e
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2.5% B, GaSb PSR HARE R I 2= HRE. £ 1
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Fig. 2. Criteria of mechanical stability.

F 1 NAET GaSb MEFE R B, 0PI E G,
AR 1 B/ G
Table 1. Bulk modulus B, shear modulus G, Pois-

son ratio v and B/ G under strains.

Strain/% B/GPa G/GPa v B/G
-6 148.21 37.67 0.38  3.93

-5 129.66 43.08 0.35 3.01
-3.7 109.93 43.85 032  2.51
-2 90.03 43.30 0.29  2.08

0 68.77 47.21 0.22 1.46

0.5 68.73 47.17 0.22 147

1 64.26 45.47 0.21 1.48

1.5 61.35 40.38 0.20 1.52

2 55.49 38.02 0.20 1.53
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Yk, TT SRR .
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FILLE ), B/ G R FE N A8 o AR i 38 K1
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Bt 5 e I 78 34 K, GaSb ARHR 4T Mg 0 | %
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MIFETE, XX GaSb P RIRTEN i AR T R4 28
PERE I RRE M A R

e SR M R £ Bl R, — AT AR
W, AT ARG 5354 Ry BC R S T2t 55-50)
EITRAEA R NS I AR R AR s b AR AR
A5 170 ] FH A B P RIS s Ak SR ORI A A A 2
Fe 4 KA GaSb # i _EUTEL SiO, Wi, 38 i i A8

VB DTRU B9 T 2041, A SR I L SR AR
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7 LB KRR I 1o A% B8 7 AR A A4 5 7y ok A
ME LS, A SC F B -3% 2% W AR T T Y
(Ga, Mo)Sb & & [~ S ot2E 1 RE.

3.2 MIT (Ga, Mo)Sb ByREZF45 14

9T T A RN AR F A & — A Mog, B9 (Ga,
Mo)Sb 1A F [ HL T 25 ¥ FIRGRE 1. 1A 25 3R
M ARTE-1.1%—2% 3 B N AE LI, (Ga, Mo)Sb
KRS FEK (density of states, DOS) Fl#EH
oA BA AR LEE. 8] 3(a) 1A 3(b) 45 T &
5T (Ga, Mo)Sb 1A & i S 25 %5 BE & (total DOS,
TDOS) 1 Mo-4d ML F I #52 S% E & (projected
DOS, PDOS). & 3(a) \TLLEH, FERAE T (Ga,
Mo)Sb {4 Z 1) F i€ [m] - L~ F1 e ) T FL Ao
BT S PORRERAE AR, B4 T AR,
UL (Ga, Mo)Sb /R Z ™A= T i sE. 18 3(b) 4
HT Mo-4d M, Y PDOS, Mo-4d 1 (5 ¥ A fiE
i AR FEE Z T 58 ABEm AR R4
H, & (Ga, Mo)Sb {K & H1 1) Mo JEF /"4 T A
BEm b (IF) A, B 4(a) 450 TRRINAE T
(Ga, Mo)Sb & Z HREAE 9 0 A K IR, THE 45 R 8
N, FRAET Mo JiF 7 3.04 s FREHT, 5 4B
Sb Ji 77 4 -0.13 s MY REHT, A W8 RO 28
Ga JE T FF5THk, —A> Mog, /A= MG I K/ NNy
3us, I LLE HRERE 3222 #8244 Mo Ji ¥ BT sTk.
KT IR RRBUIE X — 10, B 5() AT
1% RAE N AL —~ Mog, B9 (Ga, Mo)Sb & & 1)
273 ] e %5 B 43 A L, T v i 6888 3R R R
Mo Ji 774 ) A A e, @32 Mo 4R
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Fig. 3. Density of states (DOS) of (Ga, Mo)Sb in HSS and LSS: (a) TDOS and (b) PDOS of Mo-4d without strain; (c) the TDOS

and (d) the PDOS of Mo-4d under —1.2% strain.
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Fig. 4. (a) Magnetic moments contributed by Mo and neighbor Sb (N Sb) under strains and (b) AFE of S(12) and S(23) under

strains, respectively.
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Sh R ZR ;= A 1 BRERE A 1 s . N 3(c) AT LA H
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H AT E e T g H A A, SRR R b

AT . B 3(d) 45 th T Mo-4d HLF1Y PDOS,
[FREZR B2 2 b Mo JE 17748 1 1E S RE S
FLEE 3(b) A1 3(d) ATLAA H, HSS T Mo-4d
FAEF S TOKRREHAL 9 —A> BT - (0 25 B 0
JEFRAY AR A, T LSS T Mo-4d HLFAEZR \S 9%k
REGIL A —A L 3840 i 00 B g 1) T A%
g NIE 4(a) FTLAE 1, -3% 2-1.2% WASTEE T
(Ga, Mo)Sb & % i 74 0 = 5t Mo J&UT Ff 5T ik,
Mo JiiF 348 Sb J& 7728 A BEm] T e, H
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BAEAR /. LSS F Mo, HY23 1] [ i %5 B 43 A 1A,
UL 5(b), AT LA H, Mo JA-F & Bl 4 A~IE4F Sb JiR
TP B REFEAR /N

@ HSS

B 5 ST N 0.01 e/A3 25 (8] H BE % E B (a) HSS
T Mogy; (b) LSS T Mog,; (¢) HSS T S(12) %5 # FM #84;
(d) LSS & S(23) 45# FM F &

Fig. 5. The spatial spin density for (a) Mog, under HSS,
(b) Mog, under LSS, (¢) FM coupling of S(12) under HSS,
(d) FM coupling of S(23) under LSS, respectively. The iso-
value is set to 0.01 e/A3.

AR, BAH Mo JRF7E—ERE LR T
GaSbh - TR H BEM AL, N X Mog, 7 £E 1Y J&)
SRR R/ IR A3 AT E A 52 Mog,, Y, Mo 5+
FEl e T S8 1 4 A4~ Sb J 44 )1 E DY i 4, Mo J5§-
N FIEP AR L. DUOESL TR A S IR, b
JE S T IEST AR Gy, AARIE A 5 1E ST T IR
BFATI I A, LA 6. 4 It 4B Sb R
TIESL T REAABE 4T b, d,, d,
d,, iX 3 % d HFHIE M I 0] 1E N7 7 R B i
Hul, FEES 44> Sb R FH, 32 B R B HE R 1R
FERERE SR TR, /351X 3 45 d LT HLE
MRERLFEIIT, FIRFE AT S0 b Ul S 5hmA
d.2 il dyo o BIUIE (90 RS 1] TF ST 5 MR Y T O, B
B 44 Sb R FEGE, ZEMHF 18D, Bl be
HEIERD, SRR X P AHUE YRR R T I, 15 R
e HUE. WHEAFIHERT d FHEER /2R
Nt BIER e HUBZRIMRERL 22, IC K A:.

Mo J5 1 HL F 20 &2 [Kr)4d®5s!, >4 Mo J5
FENR Ga i T 5, Mo JEFRE 3 M1 5
R4 4 4> Sb - Bie, I Mo B F iy H
AN [Krjdd®. Mo-4d HFHLIE 7 U i 14 %

PIVE R T 73 24 L RE FE FAIR Y e BILIE R BE 53¢ i 1Y)
to BL3E , Mo A 34 4d L T B HEAG A P b ]
fig: 2 A FHERE ATER LAY e BUE, 1 A~ FHEE
HRER T8 e B, B 45T LIRS he™ (156
N EBER T, LR AEER T BT, X
75 :KFR A LSS, Ui H - o 2 58 i i BE Ep; A
T REGSXTRE, 2 ANHFTE A e B e PE, 14>
HLF-7E FHBE M B0 o BEE, P25 T LLRAR N
et X AR A HSS. AR, 24 A, > Ep B+
HEA R LSS, 2 R H HSS.

6 dHL T Y A 37 05 2R
Fig. 6. Diagram of Mo-4d orbital splitting under tetrahed-

ral crystal field.

—1.1%—2% RS JE T, Mo-4d HL 7 By s
e Al < Ep, Mo-4d HLF4bF HSS, IEH (Ga,
Mo)Sb & & i gt 25 A I WLIE] 7(a). AT 7(a) 7]
LB, to, (“+7Fom ABER L AYHE) s i
THFTORBER (B L), XA 3(b) HaE 5 3%
KB AL Bl B 384y o 4 0 A e AL 3% —
~1.2% IZSTE R, Mo-4d HL T-HYBLIE 43 2LRE A, >
Ep, Mo-4d B, F4bF LSS, IHF (Ga, Mo)Sb 1k %
FRREHF 45 4 I8 DL IR 7(b). ML 7(b) AT LA MY, e
(“—“FIN ABEM T FIE) PE B S AOKRE
G, YR 3(d) hE R SORRE AL B TR
P& A e T A5, Mo-4d HLF M HSS 3| LSS %
A5l TARE AT Mo JiLFFUT4R Sb R Ty
RN AR 2% £-3% B
R, Mo JEF 1 4 UL 48 AY Sb JFF Mok il 5%
% 31 DU ThT AR T 37 1 52 T R K, L FRL TR 1 43
ZAR R R, N AR IR B 1.2% B, 44
A > Ep, X J& Mo-4d HLF 1 HSS [ LSS #4811
I SRR A%

H T ST Mog, 7= Az Ja Y pi 48 22 1] B 5 & 4
M, EALF 64 T GaSb #8454 5| ABIA
Moga, A T kG 55 —PE JFE 3 Hh SR Bl 2 1R
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AN G AHEAE AR5 R A2, P4 Mog,
Z [B] A FE B AN N I8 A B A U 3R s B —F.
WA T WIRP 5 A Mo JR ALK 1P
15 M 2% Gali 7, id HE MW S(12); H ™A
Mo JETFHAR 2 5 35 Ga JEFIEBUZEH S(23).
ZREF, S(12) Fl S(23) S P Mo Ji T2
B A BG4 30 4.180 AR 5.912 A, Hirf S(23) 4%
PR A~ Mog, #R7E (010) AT Y. 232 BRI S5
T Mo 57 BIWIAG B E, WEnT IS8k (ferro-
magnetism, FM) #5 F B (anti ferromagne-
tism, AFM) #E5 RS TR R EGER, Mog, IR
R FEPE T DRSS FMOIRAS TR R SR (Erm)
FAFM RE T AR S (Earv ) BIRES 22K H
Wi, AE = Eapm — Epm, #5 AE >0, £ 1\/[0(;&?K
A B RISREFR T T FM ARG, 2 AFM Hi A

Energy/eV

Energy/eV

Bl 7 (Ga, Mo)Sb & R BEH KBl (a) % N ZE T HSS;
(b) ~1.2% JWZEF LSS. B S48 ABEM ERREM, 4L
(LR IR A BE I T RYRRA . TERERE N 0 AL MK i 6 1
LR VOKTEY

Fig. 7. Band structures of (Ga, Mo)Sb in (a) HSS without
strain and (b) LSS under —1.2% strain. Black solid lines and
red dotted lines denote spin-up and spin-down bands, re-
spectively. The horizontal blue dotted lines located at 0 en-

ergy are Fermi levels.

Kl 4(b) 4518 T AERERNAZ RS, AET]
AR AE Jry sl i 22 [ 40 R 5 5 B ARURH N 1
FEME. E 4(b) ATLLE ), S(12) Fl S(23) M4

MTEARR AT, AE>0, AE#M KR XK R
FM #54H H AR R ARGR, T w2 & 4(b) fI4h
REBW], TCeE LSS i J& HSS, B4R R JmBifi s
Z B ARG ER A T FM ARG, 2 FM EA L
AT LA d-d 28 A B0 AT p-d 38 i B 0 Ok figt g (9,
3% £-1.2% W AS{EF T Mog, 4bF LSS, HiE T+
kR e e BUIEFS I M POKRRYL, WAL 3(d)
&l 7(b), A[F Mog, #e_ LB I HL 2 [A] [} 32
HEATE YRR 1 A E 19, Hitk LSS T Mog,
P A SR Z T R G FMORRG, XAl Mo-
4d HL T RS B AR AR EAE AR d-d BS#fE
M. —11%—2% N A8 Ja T Mog, Ab T HSS, HH
TFEEH N e 6, BB B T S KRR, L
&l 3(b) Skl 7(a), to, PLIE L2 A 1SR
(d-d ZSHAEH) S5 Mog,, 724 1Y JRydsl i e = e 1)
AR FM G, BAR HSS T e BB &1
P, A F ey PUEN FESTORBEHR T-1.25 eV
b, W 7(a), it ey B13E BB TFIA S H
TR SSHAEH.

B 4(b) PRI S AE LRI T 2R AH 25 8%
KA = AH 22BN RE A B 4(b) FT LA
3% F-1.2% NASVEE T, S(12) 25K AF (B
TrHER) BN, —1.2% WA T BEE M 122.3 meV,
MRAR AR F] 1% B, AEBRAEF] 212.6 meV. X}
FLIEl 4(a) AT LI H, Mog, HH1 LSS #4745 ] HSS.
XFF S(23) 45K, 3% =-1.2% MASTLREN I AE
(LLE RS ZR) IR T [N ARSI S(12) 251 AR,
—1.2% R AR F A B A 75.8 meV, 24N AR K
1% B, AEBRAE ] 179.6 meV, AT S(23) 44
Fgrf Mog, H1 LSS #7242 # HSS. S(12) #il S(23) M
FREEFI7E LSS T (3% Z-1.2%) 1) AE X /)N
FHA HSS T (1% 2%) HIAE, XK A LSS
TRy 2 (B A ELAVE A R gl it d-d e E A
R SHL, HXTF HSS R, BR T d-d ZHetEH, i
H Mo-4d H1 Tl i #5 48 Sb-5p HL 1774k 1 [l $58
B, X P ASHAE PR p-d SSHAE. 1K 4(a)
BT 25 SRR B, LSS T2 Mo i T3 4 Sb-
p BT R B REAE (-0.05us) /N T HSS F i 4B
Sh-p B F 7= AL B REAE (-0.128), B HSS T J5)
B REAE Z [ FM ARG S d-d SSHRAE A p-d 22
et AL R S RE A 25 5, HSS T FM fll & A BAE
FHR SR — R TR KM AE. XFF LSS, Al
N S(12) Fil S(23) PIFPESFIAR R I AR FHZEAL
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K, X2 d-d ZSHAE R RS T S 3,
S(23) L5 T Mog, IR B AGE, d-d S8#fE
FR B B TR U 55 . X T HSS, MR ZE T S(12) Al
S(23) MR &5 R R 19 AEZRfEARXT /DN, 3=
i HSS FER T d-d 24/, i A p-d S84,
1M p-d 2/ HA KA W, Bk HSS F Mog,
F14) B 3 X R 7 A= Jeg 3 R 2 (B R 5 B )52 e 1%
A LSS THRHERA . (HAR M, 7£-1.1%—0%
IS TG B P, Mo 4b T HSS, 1 I Ry S8k i 46 22 1]
FM #5658 B B 5 K T2 Ny AR B 118 L, U P AE I
N AE Y R AT SRR T AEEkREYE (Ga, Mo)Sb
e AR HAT R

X -V R BEPE S AR 25 il 30 5 1) i g
Dietl 55 260 #3577 %59 (hole, h) #ii T 5 2UR1
b e REPE AN BLAE TR~ Y 8. IR 4(a) AT
PIFBH, —1.2% 725 F Mo 7= A BTG N 1.03 us
~1% WA Mo A I REH A 3.01 us, B (Ga,
Mo)Sb {& F& ' Mo Jit F 41 & 4 +3 fir, IH Mo-
4d EFECE M 34>, AR Hund &0, 2P0 d 5%
2 (54> d T S ERRE R, Bk Mog, HrtaF
WA 2 AN FAE 4d 52)2, B b 2 AN ESREm 2
TR AR S L3RR R, eI Mog, YL T35
AY(d+2h), X A FoR B G, X Mo i
TR 3 Ga Jiv, BEEEME T Ry A e, X
FEft T @ T, BT p-d 224k, Mo 2% BT R
TR 2 A TES Mo JRR A BE AR, T
ool B R AL LAY R, — s T LS —E B H
() Mo Jaydk I eSS &, 2428 7O B R A5 = B, ]
PLy AR Dhas 78 1 0 i 1Y B e S e 2 [R] Y
MEAEH. 76 (Ga, Mn)As BT SAES, Mo
B M43 4, Mo AL Ga BFE (Mng,) H 0 RO H
TR A(d5+h) 6192 ATLIE H, AT Mn 7T,
Mo Ji 73S R 25 78 Uk By T S HAA 3
OO T2 5 GaSb JEREME P RIRE Te BN A
F.

Kl 5(c) i T HSS T S(12) 5 M4~ Mog,
P R AR FMORE G R B S [R) 4 AT 1L AT
DL IR 22 18] A AR A58 2 Mo-4d HL 1%
PRELIYAE S (d-d sZ#EH]) F1 Sb-5p HL 7~ R
& (p-d ZCHAEA) S H. AR 5(a) FIIE 5(c)
AL, 5(c) FRYBES Mog, #I4bT HSS. [ 5(d)
Y5 T LSS T S(23) 85 WA~ Mog, 7™ A= Jey S8
T FM #8519 H e 25 B2 25 (8] 73 A 8, LSS T Sb-

5p HLFXFREHE B BTERAR /N, Mo, 72 RERE Z (811
AHE AR i d-d S8 E A Al p-d A8
FAASZE. Heg &l 5(b) A1 & 5(d) AT AT, & 5(d)
A Mog, #140F LSS.

3.3 MZIT (Ga, Mo)Sb Byt 45 1%

GaSb H T HBALW AT SE 82, fEHAT DL 5 2
FhARSHA R ETEAIDCEL, LA GaSh #181 h Jad
BB FIASE] T ) Z T 0364, R Tl GaSh
FEPOGAR F B G b 5 30 R A I A R S S AH DT,
BF GaSb AHGH =7, WUoT ULV EL& Wk
BRIV EBOER B . B ARZTT GaSb HHEAk
B EE T v AR B T 0.53 eV, AR T
ZL AN e R S L H i RO 2R R Al
T B T I L e s5OR 1 i — 25 T 6-67 H i
HFHOLR A1) GaSh 2 AR B A 1E
AR TR IR, A BEAR I M AN IR S 28 AH VT i ) B2
SEPREE PR = A L, A B EFIE (Ga,
Mo)Sb (R R AR, #iE GaSb e 446k
TELLAMASEAR F D | L4902 P RO | 028 55
I .

e S AR 2P ) 1 3 L 7 Y 2 ol o 2
L RS e(w) = e1(w) +iea(w) KA, Hirf ey (w)
FOREA B R RS, FR A A PR LE FEE
A7 PR IAE 22 (B A BRAT R R &1 (w) R B AL bR
B SEES, e (w) T 2 1Y Kramers-Kronig 8L
K Z M 108, BLARpRBERE AN

2 [ seq(s
el(w) =1+ ;p/ = 2_(032 ds,
0

2w [ e(s)
eo(w) = P 5 _w2ds,

b p AR EAH, W AAGDETRIBIFER, s B
oy By EE p BREECN

oo w—0 oo
p/ = lim / +/ .
0 60 ( 0 w46

HI S AT Fi RS AT S R 2 ] ) R RO
((n(w) +ik(w))? = e1(w) + iea(w) ) Ml Kramers-Kr-
onig O HC R 1l DL B M R ow) ) Bk
S IF

a(w) = 2wk(w)/c
rf e OB, T 5 2 n(w) S 52 4T 5 3R 0 5
8, PRAE SN ko (w) R YT L.
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Bl 8(a) 45 thh T W22 T GaSb #1 (Ga, Mo)Sh
MM, 7T LLE ) GaSb /R R (BRB504R)
XFIELLAME IO GF A WM, HOGA MRS (Wl
VEAET 1667 nm &b, BT X5 B 19 BE 1 2
FL - A 0K A 1) 5 7 IS T 7 2 1 e /D RE i
Bl 0.809 eV. —2% 2% I 72 {5 Fl N, (Ga, Mo)Sb
TR R AR T 300 nm 1 [ P XF A S 6T 18 R AL s
JEM L F A AB AR GaSb R RIAMKMIET, HH
G IGE R MG TR TR T IRLL AN, BRI T
ABME. N 7 LA H, Mo 845 A4k
REGAL T F1- i Z 0], Ho 0 2% 9OK R,
L FR AN T) Sy BRI B DA 2% SRR B 2, BRAT
fr AR B RE AR/, HIERETH T (Ga, Mo)Sh 1A &R
XU ETF M RE 7T, XS (Ga, Mo)Sb K Rt
WO A I Gl K AR LT RS B R R AL 8(a) I8
AL, (Ga, Mo)Sb 4 2% 1] WL X FIZL 4
DX B WS WA s ot 5 17 28 3 R T3 K, Bt
J I A (1R 14 TR /). 33K 8 B R AE X (Ga, Mo)Sb
TR PR AT R, 35 2 i AR A R TR
T+ (Ga, Mo)Sb &R X 0] WAEX FLT A X AT 1)
WS

S L PRE I ST €1 (w) FRAE 12 I BHE
SNIGVE TN IR AR B, ST A (B R B IR R
() F B AL RE D R, 72 A6 S 2R 0 Y
BB S E L B 8(b) AT LA Y, R AR
T GaSb &A1 HL RS (BB SEL) fEASDET
RERE S O I AYEUE K 19.43, BT (Ga, Mo)Sh
TRZR (BB SEER) T X N AU R 32.84. X 14 B
Mog, T LAE SR E (Ga, Mo)Sb & R R/ H 1 fE,
B2k 2 A A BE 7 (R 48 T RO AR F 37 0 B 1 7R
KA R A B T-28 7O TS N4y B, 4 T
BARR RN K PO R R RE 1. 2%—2%
N ASVE RN, (Ga, Mo)Sb KR 7E 0—1.75 eV [X[H]
() SR A ME 44 K T2 W A8 GaSb 14 28 I Xif 1oz 5234
{H, H (Ga, Mo)Sb 1A R M#HAA v 5 Bl & hr
I AR (R HERTIE I, Bl R 0 728 3 SR ). 3
[AREULIA B 8% (Ga, Mo)Sb A ZR [l G FERlR
A EZ, 1& PN AS A AT (Ga, Mo)Sb &
R PEREEETT.

S L BRE HE TR 22 (w) SRAE A 221 AR N 7
TE R RAR F PTIEFE R RE I, R AS(E A R B B Ay
LA TR S H 2, ROt 12 bk
HL I SZ R R . AT 8(b) AT LR th, 2% —

2% I AF L N, (Ga, Mo)Sb AR 7E 0 1.51 eV
fiE 1t X JH] 4 B AR AU K TR RN AR T GaSb K &
(A ) XoF 7 B e DX J) 7l R AR M, 3R (Ga,
Mo)Sh A 2 XF£14h | 1821 406 X6 T B W I e
W, FRAE (Ga, Mo)Sh K ZR 1 M (LA EL)
TEETFRER N 0 AN 0.87, 117 GaSb 4 R4} 1
HERBAIEUE A 0. X UL (Ga, Mo)Sb {4 £ X} E
9 0” BG TR m E, HE AE T Mo Bl A R4t
TR o 4R ) ELES S R SR RE S, H T TE
8 I 119 2% Jot g 4 =2 1) BRATE I AN T ZE MOt 7 B vl
KA, IRV B IR, B Mo #8245 A4k
JOE R L LT AT A R O G 8 2 (R R 1 2 I
H—E N2, & EZER N E R FEAFRHRZ
V) F4) B REBRT 109, —2%—2% IASYE I, (Ga, Mo)
Sb R R TEARRE X 1B B 5 7 1 722 PR3 RS K,
Wit 0 722 ) 398 DR BAAR 100 B 1 A8 W] LR T
(Ga, Mo)Sb 1& & LT W 2 ERE R B, AR T4
ROEAEIEPERER IR T

30

(@) — GaSb 0%
. 25} — (Ga, Mo)Sb —2%
TE ---- (Ga, Mo)Sb 0%
S 920t — (Ga, Mo)Sb 2%
5
Z
= 15
8
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& 10t
)
172}
)
< 5t
ou : '
0 500 1000 1500 2000
Wavelength/nm
40 L(P) M GaSb 0%
M (Ga, Mo)Sb —2%
g 30 R W (Ga, Mo)Sb 0%
z \ ‘,’\\\‘ M (Ga, Mo)Sb 2%
= 20F 3
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£ 10 S
B
9]
5]
2z of
a
710 -
—20

o 2 4 6 s 10
Energy/eV

K 8 (a) WiZEF, GaSb Fll (Ga, Mo)Sb 1/ 2% W Wi 1% ;
(b) W78, GaSb F1 (Ga, Mo)Sb A5 /i B R %L, 524610 %
FHR, ML AR AT

Fig. 8. (a) Absorption spectra and (b) complex dielectric
function of GaSb and (Ga, Mo)Sb under strains. In panel
(b) solid and dotted lines denote real and imaginary parts,

respectively.
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(Ga, Mo)Sb & Z 2z B o i AR L
18— Mog, 1 64 R+ GaSb i it i 45 #4 14
R, MHHBZE Mo BT EE /R RN 3.125%. #5775
J& (Ga, Mo)Sb 1k gtk IR AR EN T,
Mo J5LF 1 #8 22 W JE R WA T 6.25%, iX A 1F &
S(23) Z5HHh Mo LT IIB IR E . HARIB IR IE
B, POKREGUb A e LR FRIELE 2, ART
(Ga, Mo)Sb K R XLLAMEIX | FELLAME X LT 1Y
W (A HORFI Y — T, fB e R 5] AJ4R
RS BRI A AR FH I 28 5 A — T A D 174 o
008) VR BB AR T B AR A Mo JEF AT LA A
T2 O I B A o, TR 2R 3 7 1 754
KRB, SR G2E M gE. SRR T
ANIEA: R Tk, MR RIA 25% Y (Ga, Fe)Sb A
SO b LA R 167 BIE O TR E TR
B B ik 50%1) F LR A 25 JE (Ga, Mo)Sh
TR R B RE2E A2, AT UK 7R 5148 A i 4
T, HRE B AU BE T LA AR 2 b 128 73R T
WRE, AT LAGRE G L -2 o O A L AT 6971,

DL AT as R W, Mog, B2 FI T4 &
GaSb = FAA B BRI T 10 Z BT R, R
Bk Z 0 i AL BE T R AR F A B () B SR
I -2 SO I = A FAT B, M T (Ga,
Mo)Sh 4 & i LEALRRE, 37T (Ga, Mo)Sb &
ZXF A ILIEIX L £E AN X6 B O 8 AR
A48 (Ga, Mo)Sb AR AL PERE.

4 %

iz S — MR LDA+ U B 7 EWF5E T AN
N Mo #8524 GaSh [HLF25H) | fE2EFt2E 1
.S58 1) 6% —2.5% % A5 Y5 Fl Y GaSb
e AR EA T B 1 2R RE. Bl R AR (3
K, GaSb BHRHEPT R Fa] 38 P, bkl & A
i U 24 ) T BE R AN 3 S R N AR A R
GaSh 2 PR R S # PR &, XX GaSh 2f
SRR S PR 5N PR RS S W B R R A
FIRG. 2) WAEXT Mog, B HL 4546 7G T 2 A 2.
3% Z-1.2% WA JEHE T Mog, 4T LSS Jf /=4
1 g B4 J SRR A, e S R 22 ) R 5 2 FML AT
B, R EERCES, FM R A SO0 2 BE AL AT d-
d A R RS e . —1.1% 2% R A8 JE Bl
Mog, &F HSS If772E 3 us HRERE, 7T H] d-d 284k

VERRERUR p-d 344 FHASE U K fift o Jed 3 L 2
[ FM ARG, HSS FREFE Z B FM & HA
R R E . HSS N AY FM HE 4 3 & i KT
LSS T FM #4580 B, X+ HSS, AEFEE N
ASERITAE R, 1% WAE T B AE ik 212.6 meV,
FWIXFT (Ga, Mo)Sb 1A F i 4 (1) He i 48 ] LA fiff
Mog, 4t F HSS, H Mog, /=4 J&) 38 # 55 = 8] /Y
FM #4550 B S B 5% . 3) Mog, 51 ARIZ% I
REZL AT LIRS HL - DAY ] S BRAE IO A 22, LT
AT ] BRI X BT e B O T R B B AR /N, AT 44
T (Ga, Mo)Sb & Z XK OG- F I RE 11, S
MO B WS PR TE T IR ATAMG X, A A
T (Ga, Mo)Sb & RZXHEF R IGE R ZFRAE T,
Mog, i GaSh - 44 iy i A f v £k 19.43 $2
Th 2 32.84, £ Mog, BI5I AT LR KR (Ga,
Mo)Sb & Z M ALEE T, A F] T (Ga, Mo)Sb &
FA -2 5O P2 AR50 55 (Ga, Mo)Sb A&
R B R BT B 3 KR A T 2
AR W Y A2 R R . Mog, #2757 (Ga, Mo)Sb
PR Z SR AW R O G R R sl o 3R T
RS E A A R It Ak, B0 AR AT pE— 25 T
(Ga, Mo)Sb TELLAMNGIX OG- PERE.

HIEXHAE T (Ga, Mo)Sb 4 & R~ #FGA 1
JOT R M B A A3 AT, FRATTIA R ZE A il A A K 7R
BN — 2 B AR FTHE T (Ga, Mo)Sb 4 2 (1
2 ROGEAVERE, WIEBRATAIEIT L b £ B
) GaSb Fb SRR EHE L —E I 5%
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First-principles study of strain effect on magnetic and optical
properties in (Ga, Mo)Sb®

Pan Feng-Chun  Lin Xue-Ling Wang Xu-Ming '
(School of Physics and Electronic-Electrical Engineering, Ningzia University, Yinchuan 750021, China)

( Received 15 December 2021; revised manuscript received 13 January 2022 )

Abstract

In recent decades, as a kind of critical material in spintronics field, the diluted magnetic semiconductor
with high temperature and intrinsic ferromagnetism has attracted extensive attention. In order to explore the
approach to enhancing Curie temperature (7g), the LDA+U method of the first-principles calculation is
adopted to study the effect of strain on electronic structure, magnetic and optical properties in Mo doped GaSb
system. The results indicate that the structure of GaSb is stable with strain in a range of -6%—2.5%. Plasticity
and toughness of GaSb increase under compressive strains, which is conducive to the improvement of the
mechanical properties. The strain affects the electronic structure of Mog, greatly. In a range from -3% to
—-1.2%, Mog, is in the low spin state (LSS) with a 1uglocal magnetic moment, while in a range of —1.1%—2%,
Mog, is in high spin state (HSS) with a 3 ug moment. The magnetic interactions between Mog, and Mog, are all
ferromagnetic for LSS and so is the case for HSS, although they are different in coupling intensity and
mechanism. In particular, appropriate compressive strains can improve the strength of ferromagnetic coupling
effectively and are favorable for the preparation of the GaSb-based diluted magnetic semiconductors with high
Curie temperatures and inherent ferromagnetism. Moreover, we find that Mo can greatly improve the
polarization capability of GaSb and play a vital role in forming and separating the electron-hole pairs, and thus
further improving the photoelectric conversion capability for long wave photons. The energy required to absorb
photons for inter-band transition of electrons decreases because of the impurity levels induced by Mo, which
leads the absorption edge to be red-shifted. The optical properties of (Ga,Mo)Sb in infrared region are further
enhanced by the tensile strain.
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