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Fig. 1. (a) Zinc-blende structure and (b) band structure of GaSb.
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Fig. 2. The energy-volume curve of Ga; ,Cr,Sb (z = 0.25, 0.50, 0.75): (a) Gag5Cra55b; (b) Gag5CrsSb; (¢) GagasCr755b; (d) the

(a) Gag75Crg258b; (b) Gags5Crg5Sb; (c) GagasCrg75Sb;

FM is ferromagnetic state and AFM stands for two types of antiferromagnetic state for Gag 95Crq 755b.
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B 3 Ga; ,Cr,Sb 5 G5 & Cr-d #LiE Fl Sb-p #3851
R T 6 B A AR R A P ) — B 0 3RS e [R) — R BE A Y
& LRy =L BB 2 B Ros BREHE L Cr i1 d UiE
TTHRREAE A Sb J5T~ p Bl ST TG AR

Fig. 3. The total magnetic moment per formula and the
contribution of magnetic moment from Cr-d and Sb-p or-
bits as a function of the relative change of lattice constant
of Ga;_,Cr,Sb. The same color represents the same concen-
tration. The square, triangle and circle on the line repres-
ent the total magnetic moment, the contribution magnetic
moment of the Cr atom d-orbit, and the magnetic moment

of the Sb atom p-orbit, respectively.

SRIG Cr R 3 RECXY d LF, 774 3up MG
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1, W3k 1 fos. ATRESE HH TRl Cr-d il Sb-p
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AR B L.

T P PR P K A B 7 U — T OG- A R 5
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R REE a m AR, FRATR S Gk — By 1143
DTG T =AY 4 i Je LR R 162641,
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3
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o"BoC c
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BEIR 2GS H B, A Erm—arm 27 TR R ARG S F AR
MEASBE R 2. THR R EN I EA i =R
YRR GFEESCHER T CrSh B 2 1600 K Y JE L
T B, X —RE MRS G2 4 JE R A R YRR A
Ga, ,Cr,Sb (z =0, 0.25, 0.5, 0.75, 1) HyRE MR
T B L% 1.

3.2 HEFHER

RIGHHE T P4 T Ga, Cr,Sb (z =
0.25, 0.50, 0.75, 1.00) Ay HLF 254 . W&l 4 Frs,
Ga, ,Cr,Sb A MBI REH 4540, AT A EA]
H e M L RE S 25 BORREN By, 2&JEME; A
TET T M RE 7E K BEGALER A — B, B
SRPE, FFE A B BB EE A AL 1A 4 TT LA
FH, BFEARR Ga, Cr,Sb 2 S0k M g
e SR AR T A0 LUK IX. DX Rk, J@
FHEAH. KN ZB 4541 GaSb #l CrSb fb ik
MR CITY, FA TSR AT 1 7 ik 1
TARE TIEAM ZB GaSb, 181 GaSb ELA H %
R SR 1, R SE Ak Ga BT R R R
Cr ¥y ZB CrSb WY H 72549, Al CrSb 2 2kH4 14
Ja 1 6] CrSb AT AN A 4(d) B, |AITAYLE
5 SCHR P A R} T 25 R S B — 3L (Gay,Cr,Sb
(z =0, 0.25, 0.50, 0.75, 1.00) T3 B 5 ks 7
HSORN 35 25 Joi B AH 6 SCHRE WL 36 2). i 2 X b &
W, BT A CrJ5 GaSb H 908k 042K 4 8 1k i
H A% 2R 9 2 4 B Mt B IR AR Cr R
Fra .

TS 2 SR GaSb Ab TP S A% Kot
Ga—Sb HYHEK R 2.638 A, XF HiZ R Sk
MR R Z B R, gk 2 RS, RTLUR

#1 Ga; ,Cr,Sb (z=0,0.25, 0.50, 0.75, 1.00) BHESE M,/ Ney, Cr T d PUERESE M, Sb BT p LRI My,

Ja R EE, Horf SM 3R 0k, HMF 2R 8 R Bk A

Table 1.  Ga; ,Cr,Sb (z = 0, 0.25, 0.50, 0.75, 1.00) magnetic moment M, /Nc,, Cr atom d-orbit magnetic moment Mg, Sb
atom p-orbit magnetic moment Mg, Curie temperature, SM and HMF represent semiconductor and half-metal ferromagnetic,
respectively.
Mo/ New/ s M,/ g Mg,/ i JE B /K FEAMERR PR 5
GaSb 0 — — — NF SM
Gag.75Crg 255b 3.00 3.266 —-0.124 872 FM HMF
Gay 5Crg 55b 3.00 3.113 -0.143 1104 FM HMF
Gag.25Crg 755b 3.00 3.224 -0.176 1372 FM HMF
CrSb 3.00 3.154 -0.152 1600061 FM HMF
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(a) Gay 75Cr 955b; (b) Gag 5Cro5Sb; (¢) Gag75Crg 2555 (d) CrSh

Fig. 4. The spin-dependent band structure: (a) Gag 75Crg255b; (b) Gagy5Crg5Sb; (¢) GagasCrg755b; (d) CrSb.

*2

Ga;_,Cr,Sb (z = 0, 0.25, 0.50, 0.75, 1.00) FF FH IR TPE R, o 27 VM7 S H8L, Log 7R Cr—Sb K,

Leg #n Ga—Sb 4, HMygp #78 H HSE 51643 21102 4 @ GEBT (eV), HMppy 2/~ H PBE 5 145 2 (%) 2 4 8 GE B
(eV), SMysp #7R ] HSE J7 45 (2 SARRERR (eV), SMppr #mH PBE J7 453 121 SIRRER (e V)

Table 2.

Crystals Properties of Ga, ,Cr,Sb (z = 0, 0.25, 0.50, 0.75, 1.00), the equilibrium lattice constant ay, Cr—Sb bond

length Lcg, Ga—Sb bond length Lgg, the half-metal gap (eV) calculated by HSE HMygg, denotes the half-metal gap (eV) cal-
culated by PBE HMpgg, the semiconductor gap (eV) calculated by HSE SMygg, and the semiconductor gap (eV) calculated

by PBE SMpgg.

ag/A Leg/A Les/A HMpsg HMpgg SMysg SMpgg
GaSh 6.095 2.638 0.526 0.083
0.720[9] 0.11009!
Gayg 75Cr( 955b 6.210 2.652 2.702 0.137 0.121 1.275 0.637
Gy ;Cry5Sb 6.181 2.653 2.713 0.403 . 1.281 0.653
Gay 5Crg 755b 6.159 2.654 2.725 0.613 — 1.305 0.664
CrSb 6.128 2.654 — 0.657 0.750 2.327 1.52
0.774165) 1.64665]
0.75167 1.650167

W, BTHEALESE O, Ttk Rm
P P RLUE 24, Gay Cr,Sb H Cr ik
FEHE R AR A ThHFE. O TET R AR
H Cr BB T2F42 (0.615 A) Flrg 7k (1.66) /T
Ga B 72112 (0.620 A) A % (1.88). iF LA
Cr—Sb W& FHE AT Ga—Sb BYEFHER, 1M
KE/NTFIEHE. 4 GaSb 1 Cr BB F 1 AW
Jnest, fb AR FRAR /N, [RlET T Sb B
Bl Cr B, WrLAAHR ) Ga—Sb KR T,

1M Cr—Sb $K W B ALK, 3R 2 AT LA,
HMF Ga,; ,Cr,Sb (z = 0.25, 0.50, 0.75, 1.00) f¥
AT B RN 4 RE B AR Tk B HG RTE K.
B MR 4B BERR (half- metal gap HM gap)
EIEAETEAT IR ATET-REt h, TOKREIE B Ml i
BT G A T (] g/ M 108,

H T #E— 5% R 5 HMF #FH 30 4
JEERIERE, A Ga,,Cr,Sb (z=0.25,0.50, 0.75)
HL 25 % L BSAH L, BT DL BB R Gag 75Crg 95Sb
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Fig. 5. Total electron density states of (a) GaSb; (b) Gag5Crg5Sb.
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Fig. 6. Comparison of optical properties of Ga; ,Cr,Sb (z = 0, 0.25, 0.50, 0.75): (a) The calculated optical refractive index; (b) the

calculated optical reflectivity; (c) the calculated optical absorption coefficient.
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Abstract

As the demand for electronic devices increases continually, the spintronic materials have played an
important role in materials science and electronics. Spintronic devices have excellent properties such as non-
volatility, low power consumption, and high integration compared with conventional semiconductor devices. In
this paper, we investigate the electronic structure, magnetic and optical properties of the semiconductor GaSb
doped with 3d transition metal Cr, based on first-principles calculations. The compounds are constructed by
replacing some Ga atoms with Cr in zinc-blende GaSb semiconductor, where the concentrations of the Ga atoms
replaced are 0, 0.25, 0.50, and 0.75. We adopt the projected plane wave method and the electronic exchange
correlation functional PBE in the generalized gradient approximation. Band gap is modified by Heyd-Scuseria-
Ernzerhof (HSE06) functional. We study the equilibrium lattice constants of Cr-doped GaSb in zinc-blende
structure at different concentrations. The energy of nonmagnetic, ferromagnetic and antiferromagnetic states at
the equilibrium lattice constants are compared to identify the ground state. For Ga,_,Cr,Sb (z = 0.25, 0.50,
0.75), we find that the most stable state is ferromagnetic state. In the electronic structure of the ground state,
the spin-up bands pass through the Fermi level while the spin-down bands each have a direct band gap. The
Ga;_,Cr,Sb exhibit ferromagnetic half-metallic properties. The magnetic properties at different lattice constants
under different concentrations are studied. Our analysis indicates that the Ga;_,Cr,Sb have integer Bohr
magnetic moments of 3.0, 6.0, 9.0 ug for z = 0.25, 0.50 and 0.75, respectively. We find that when the lattice
changes fom 5% to 20%, the total magnetic moment for each of Ga;_,Cr,Sb still remains the integer Bohr
magnetic moment, and the magnetic moment of the Cr increases with the lattice constant increasing. We also
find that the ferromagnetisms of Ga; ,Cr,Sb have Curie temperatures above room temperature, estimated by
mean-field method. The p-d electron hybridization occurs in Cr-3d orbital and Sb-5p orbital, and the electron
state density distribution of Cr-3d is transferred, that is, the electron orbital hybridization makes the total
electron state density of crystal material redistributed, which is the main reason why Ga,_,Cr,Sb (z = 0.25,
0.50, 0.75) present ferromagnetic half-metallic properties. Additionally, the Ga;_,Cr,Sb have good absorption
ability in the infrared region, compatible with zinc-blende semiconductors such as GaSb, which makes

Ga,;_,Cr,Sb have promising potential applications in both spintronic devices and infrared optoelectronic devices.
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