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M EY Zn,_ M Te (M =V, Cryx =0.25,
0.75) P W HEA F L@ SR T -V Sk
PR e T ARG ZnS L0 =Jeib &K 4 R Bk
WEPERBF T IR e DLARGE . AR TAE R RHE TR EZ
RIS ( DFT) (91 I I8 )% 35 )5 ¥ (PWP) | X 3 T
ZnS 12 x2 x 1 8 )5 i i B 404 1 R 1Y ZnCaS,
IR FIR R AT LTS5/ 04K, DF 55 B 10 FL T 254
FREYE P FT 45 SR ZnCrS, 24 B ARt .
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2.1. itEFH%

AR AR Y T 5 2 35 T 1 T iz 6 2L 1) i 3%
MRS R T SR B I 1) ( generalized gradient
approximation, GGA) ] PBE & 41 &b #f B8 -] 1) 28
HOCHRRE. XTI I ZnCrS, A IETT LT AL,
AR AT RORS B - T I AT E X 420
eV, K SRR B R/ANA 2 x2 x 5, J7 ) A7 BAE H
SAREN 0. 01 eV/nm, FJ 5 BE S LS bR #E N 5.0
x 107 eV/atm, J& F fe K £ #8 W 8% bx i
0.0005 A, S P S SkR i 0. 02 GPa, RE &
SPEBH R T U RE £, B 450 V. 25
AN AR TAH S:35° 3p*; Cr: 35" 3p° 3d° 457,
Zn: 3p°3d" 45>

2.2, g

ZnS HA IR AR J7 INFED™ (B-ZnS) Fly i A
ANITEER (-ZnS) PR AR SR S INBER 4544
ZnS FHEF] 1020°C B}, B[] 75 J7 2 5 0 45 1 5 2.
T B AR RS AATE R IN BRI 254, AR SOt
R B 2T 7 N S5 84 () ZnS LR F #E =TT
&Y. AT BEFEAS A7 R o 2 4 & B 1Y) 5%
M), 54K i 245 0 s A i 285 1) BB i v I, DA AR
RIFDS TTERTLL ZnS JF A FERE I 2 x2 x 1
AR, B SR 4 A Zn JRTF T4 S S TR
T, H WM E B a = b = 0.764991 nm,
¢ = 0.382495 nm,a = B =y =60°. 3%}
AENLER Zn T Cr R Pk i, B s ir
=tk B s amE 1 R,

iz a (0 (CANEN 1 (a) fis ) B i — ook
B InCiS, WZSIRIEEN R3IM(160) XHFRYER C2V-5,

ARG H A EHR @ = b =0.764991 nm, ¢ =

Zn°

Cr.

E 1 =JeAba W) ZnCrS, AR B LSRR R

0. 382495 nm,a =B =y =60° AL JG H AR HEHN o =
0. 783969 nm, b =0.766787 nm,c =0. 382875 nm,«a =
59.8815°,8 = 60.7470°, y = 60. 8435°. 4% b fii &
(N 1(b) PR ) B die J5 At 2 = ek &) ZnCaS,
M 25 B P-4M2 (115)  XFRYE R D2D-5 Ak )s
HmAEHEECH a = b =0.784726 nm, ¢ = 0. 378911
nm, o =B =61.0065°,y =57. 7036°.
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FHEEFE5 M s2m, BT T ZnS JRR Y BE
W ah b 25 RN E 2 PR AH N R S A28 B RN e 2
W 3 iR,

NI 2 AT 4l ZnS LA TR S S
v R P S I A 2 34 T G N =
PR BAE N 2.23 eV, [AISLE{E 3. 68 eV H Ho i
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3.2. Z &YW ZnCrS, WREH AHMMETE

152 a, b IR A& B ) H R 45 51
P B ZnCrS, RURETH 250 an &l 4 KL 5 iR,
L2 M S B B SR A i an sl 6 1A
7 Jin.

A5 A% Zn, S, FEAT T WA 1(a), (b) Pifh
ANTRE B R e, PRl AN R 57 5 B 5 ZnCrS, 11
SERRAESY A C2V-5 5 D2D-5 | XF W Fh A [ v & %5
1) ZnCrS, PLAL S 1Y fA% & 505 LR AT b A
ARG R X F B TIIAR Cr i
BRTF Zn IS 21 N ARRE B E A 4%
N1 AT AL, a AV B R B B G S RE R LR
BRWERERRAI 0. 155 eV ;b i B M kG A e i 1L
FARRERERR 0. 131 eV. TR, SR EREN
EE O mE1ETED a7 BENRESERKD
PERHRAAE AR 0. 129 V. i a I EE b &
HRRE.

W 4,85 B, a, b BRE B [ g L
HLFRE Y BULT-AHIR, A IE W) T 7 2K 1 B i
M T B e AL AE T, Be i A — 2 A2 4k, Horp 4
JURgEH IR H T A b 7 BB R Cr d 6B
W a L E WK, U b M ERBMG, 5 G
AHAR A ] 1) 8 S K, AR FE TR, TE 2
T Cr d &REW R 5, H KR A% 2, 2 42 4 Bt
B a B/,

mE 6 &7, R E R S IR 7E oK R
WP TR, b A B R T A BE AL Cr d 2 Zn
s A& mALBEm A ). IEFA Cr d AW KEE5 5,
FECD AR G R AT BT /N (0. 7556 V) | X [F]
RET 53T 4l R — 35

HRYERET (N 4 B 5) 5A%ER(E 6,
BL7) ATAR3, a (BB E &R BT R, JfFH
a (BB IE EARRUE RS, UL, AR 5 AT
THE a BB A R

F1 =JubBY ZnCrS, PIARFRIHAL BT 45

fir g/eV M, /1y M,/ My, /iy Ms/py B/ eV Eg./eV
a 0.9631 8.0 4.32 0 -0.04/-0.28  -9472.089727921 -9472. 2450298
b 0.7556 8.0 4.28 0.04 -0.16 —-9471. 985546122 —-9472. 1159768

HEERIRER g, BB M, , 501 Cr,Zn, S JRTBERE M, My, , Mg LR BRREAS BREEL B, NERREAS B RERE B,

K 4 Jits , = JCA B W) ZnCrS, 72K T H
B E i ) b R A R A B 1] T R AR

IR ATBE S X AW Z v B H e o S 4 A A
WAL T FREA I HES. AR AT B T Ok
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WEAT R, 1€ —5— —1.3 eV RERVEL I LA, H &
BES 3p T oTEk A& Cr 19 3d & DTk 7F
=3.4 eV TABER A T S 3p &8H Cr 3d &,
THETEMRA AL, el LA, S JRF S Cr JR
FAEEALE .

[FIAE N EL 6 FhmT DAAS 3. [ i ) 15 2t 3% oK 1w
HF 2l Cr 3d HLFoimk, A0 & S 3p T K
WA Cr 3p T 0Tk, -5.0—-4.8 eV iR
JERE, FEh S 3p Ml Zn 4s HL T TR, - 4.8—
-2.0 eVEER B, FZH S 3p MM/ =¥ Cr 3d
T 5Tk, Zn 4s 3p SHETH RN T, -2.0—
1.5 eV RER B[, FZH Cr 3d A1'S 3p HLF ik,
TE2.0—5.0 eV REEVEM, 2 Cr 3p LTS 3p,
Zn 4s 3p BHFTTER, AT DAY Cr 4s B A 5T
Wk, 7E -4.0 eV, =3.4 eV FIFKMAL S 3p &A1 Cr
3d BAETEMHARRUWUEAE , i UL AT B AT Z A AE
AR

R ZnCrS, WA, T4 i T ONR
ER A Bk R 7S R Bk A TR A L BE
ZnCrS, KRR ERER N - 9472. 231 eV, Rk
WEASHY B BE BN —9472. 064 eV. BRELA ) EBE &
Fo R BRREAS I B BE SEAIG R EE R R = ook &
ZnCrS, MRRE AR ERRE .

3.3. =Tl AY ZnCrS, BRI

M1 133, ZnCeS, AT W PE iR rh s
A Cr P RIRERE R 4. 32 g, B8N S SR T IO RE4E 12
-0.16 p,, A Zn JEFBIRERE R 0. BT ZnS

Zn JETHS JE TN R B R, e nl e =0T
AW ZnCiS, WREMERB T5IA Cr R F R4 A
TEMALARAS , Cr 3d 7 S8 K I A 2B A8 e B 24k 52
LAY,

LEGHTTH ATTE , ZnCrS, BT 45 P 23 A
Em] LA EE R T T A A, R 2R
P 115 45 B R S8 G AR N B R WG AR Y 8 £
ZnCrS, W 4B I S ARRRAE , it = oo fe &
L ZnCrS, ik PR EEMEE HAENNESR
B e 1 B R ) A JEALRL. SRR R D
T BB, il Mo, 3R (0 15 e 2 10 1) RO
A ARG ).

4. % #®

AR SR BT B2 R RIS ( DFT) 19 1 0
BEH(PWPP) Jr ik 56T BRI (GGA) , 1T
BT =Iui B ZnCrS, WIRETR S5  H TS,
WF9E T L FE5 4 @ PE. @B A B, a (7
Bei iy oF 4 B AE B (0.9631 eV) &8 b i B i
(0.7556 V) =, 1T SR A3 3 0 5 1 J BLIR a1V
BRI M AE R (- 9472.245 V) B b i B B
( =9472. 116 eV ) K, a 1V B BB LS T8 AR E /Y
A 0B ZnCrS, BEFE AR B e AR, B
AT 100% 1) A TER AL R, fe 4540 F1 255 5 K i
BEXE N 8.0 o, #P 7R 2P & JE FRAE. HRE M BE
J& Cr JE 1Y 3d HL 76 2K T B i & 2B 5e e B5 2d.
AL, AT O S b Y AR S S R B i R
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Abstract

The model of the ternary compound ZnCrS, is constructed by replacing the Zn atoms in the zinc-blend phase ZnS with
Cr at two different positions a and b in a ratio of 1: 1. Then the electronic and the magnetic properties of ZnCrS, are
invescigated by using the plane wave pseudopotential ( PWPP) method with the density functional theory ( DFT). The
results show that both kinds of ZnC1S, are more stable in the ferromagnetic state than in the anti-ferromagnetic state, and
are half-metallic ferromagnets with half-metallic band gaps of 0. 964eV and 0. 755 eV, respectively. The comparison of two
different models reveals that ZnCrS, in a-position replacement is more sable and also has a larger half-metallic band gap.
Furthermore, the spin-polarized electronic density of states, the band structure and the magnetic moment of ZnCrS, are

analyzed in detail. The present results should be useful for the future experimental study.

Keywords: ZnCrS,, electronic structure, half-metallic ferromagnetism, first-principles
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