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HIE

(2014410 A 6 HU&HI; 2014 4 11 A 1 HY R E8H )

R — MR BE ST, WEFC 1 DUJT MoSio WS PR, 15545 AR, 5 Y i AT A
JEYER, If BLREE 5 5 A0, FLAs# 5 5 RE 45 F BB ML T MoSi SRR I RFPE. 38 Id X MoSio R
YRR T, I =R T2 BRI E A T, F R IR 0.33 pps 10 4 I Y B 2K T =AM 7 2 I,
WA BATENE. BRAh, BE— 5%k SOl v A LRSI S A S5 T = 5 2= Mo 5 (0 HL 5 i ik
AT THRTE, BRI AN 1 =57 )= MoSia M EATRENE, H IR MF RN 0.26 e, MW NS A=
JEFJZ MoSip #HHE 2 ARREAPE . XU R AN 5 SN S A ) =I5 = MoSio HEIE T B et At 3703 9 30%
AN 33%. XLEHFFLLERRY], =57 R 1 MoSio AL &2 8Os A K TR L B S muire,
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A O] Z RO VR R 4 T SRR A KR
25 [ MoSi, # . & B 7 TAEE B, MoSis fig
i DLy JEE 1) 7% X2 TE R RS A FL i R VR R
R A 2 . RRAE B2 (K B AN . 1R 3% 2 T e
Ay B 9255, Bl A K MoSis #1878 3=
A AR S206 b MoSiy T ) 45 A1 45 Ky A 45
D50 B2 %o FLAROUE 235 44 R0 R SR LB T A 7
AR, T H, B R A R TR R A,
FORSF 4 2OV R g ey P R AR B3, XM
M BE RS2 MK, (L H FI R = X6 1% L 5 A (1) 4 2
PR B FLAN T AR

AR — VR T, KRG TR
SEHH C11b DY J7 Befd 45 9 MoSiy 1815 1) JR 1 45 /) 1
JOT L A O R I R R 6 LA B T .
JE IR T YA MoSiy 194 J8 2 22 3 HLd it 56 3F
R EERA WM. YA MoSip iz b, W9
MoSip AR 25 K 1) (001) THIBEAT VI E, /3 2] T AR
JERE R, BT T AT TR, BRI T
—ANEBAOME: =R T2 R 2 R
PE, KT =ANE T2 R R AR A . i
WFE T 1 R T A AN B & A0 AR A
SR = )5 ¥ JZ MoSio MR 71, RILETR
FM AR A SR = R 7 )2 MoSiy {8 15
S HETER, SIS = R T2 MoSiy 2
ARG 7).

2 FiEEBA

AR SCR R T P R F A PSR — R
HE AL VASP (Vienna ab initio simulation pack-
age) BEAT THEL P91 5 22 e R IR AL FH K 2 )
UK FE I AL Perdew-Burke-Ernzerhof (PBE) 2]
2 BRI, R - T S IA)AH ELAR R AR & P
T (projector augmented wave, PAW) 127 J573:3k
ik, Z 5 E R R TSRS 3s23p® M1 Mo
5stad®. K- T BT BE Eew = 400 eV, X T
AR 1) MoSi di g, %A Gamma /7% 10 x 10 x 4
() K AR5 IR S AT B XA, 6 T AN [R5 R
FEIR K RS, B30 10 x 10 x 1. XSS ffifg
R SRR EISAEN T 1073 eV /atom, WK 1 A
AN, R IR T R R R A AT IR, SR
WS AR R T (152 73/ T 0.01 eV /AL 7EH
LTI SRS, R AR SR 5 v, B s 2K
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(a)
—46.40 |-

—46.48

JRE/ eV

—46.56

—46.64 =

—46.72

1 1 1
200 300 400 500
HINEE eV

—46.515 H

—46.550

/eV

& —46.585 -

—46.620

\  m —a—a—a—n—n
_./.
—46.655 | ) )

4 6 S 10 12 14
K kA

Bl1  Hifk MoSio S BERILStE (o) B BERAENT AR

1k (b) MBERE K S M AR4L

() (b)
2 (M) (a) PUJ7 MoSia Hefk&sH; (b) SMS i
BEORLEEL; (c) SMS MEBLIRLE; JCh4r o NERFLE Si 5
T, Wt R Mo T

7£1900 °C LR, MoSi, PL C11b M7 1E, Cl1b
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fITH SSM A1 SMS 43 7l # 7 Si-Si-Mo M Si-Mo-Si 45
M. B TR LR T A EE R B S5 A RE, K SMS
SERI L SSM st e, At DAFRATT A B 9T 7 SMS HE
PEGE M BT, 2 (b) A (c) 43 ) /& SMS 7 JiES f1
R BRI AL 1. FE A SR S, dR /N BT
SMS 4t 5E XA 1Atz H L3RR, HARERE
JHEBL AR DAL 4544 8 07, MK IR R IR A 2L, 3L, 4L,
5L, 6L.

3 #R5T®
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BATH AT I C11b AH 1) MoSig [ 45 ¥4 2 BRI 3
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HMEE R, NER1TLUEF], FATKH PAW-PBE
T3 543 2 (¥ 45 5 A0 DL AT SCER R F PAW-PBE 1 5
gt RAE R — 5, i B 5 seie i P R A E AR
UF, R AR 8 A R 2 43 S 298 0.53% Al
1.43%. ORI L (LDA) #1 PBE 29 () 45
S ECR I, R PAW-LDA J7E15 3451351
55 S MH iR 22 L PBE BRSO, e 5% 5 orn
SRR A B 1R 2 43 9 240 1.30% F19.05%, TG4
TR K3 2. L 4K H PBE B #4453 21
e A% A SR BB RS K, 1SR A LDA 15 21 (1) & 4%
W K L SEIG BN, IX R 5 BT R AR Y — A
AT

#1  Clib Al MoSiy HIBLHAPER: 1477 & i 5 4% 2 50

(a, b, c) FFVERE (B)

a/A b/A c/A B/GPa
AILTT 3.215  2.592  7.864 208
PAW-PBE[?9 3215 25592  7.865 207
PAW-LDA 291 3175 2562  7.778 229
S [28] 3.198 2618  7.859 210

Bl 3 (a) A1 (b) 23 931 52 VU 75 MoSi B 44 i) e 77
LA T A L B R AR R BE S
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ZIE. B3 (a) ATLAE H, FOKBEL I MoSi,
A 7 A G T AN AE T B, R A i A 3
WHEEE, RIM R BATTHE T Biekit
SMAEE M. B3 (b) 4 15 & B el
(spin-polarized) & T+ 5 13 2| 1 A& 34 R R 23 %

FER A%, RBLE A A RS e A
HEW, 53 A RIS P 0L B A —
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T 53 BT MoSio S AS 5 BE AN 43 P A % BE VT LG
VU 77 MoSia B b kHE 9 K B8 2 B i 47 75 — 1~ R
X 3 HG BE B X3 —4.5—0 oV Ml 5 A e it [X 42k
0—3 eV A, HEER AR EHEANE (L
0.32 eV), 2 I8 T BT U B R AT L X Ul B
G AAEAE RS oAb, dik BE S o A
HEEEEULEH, £ -7—0 oV X
F % Mo 3d 8B MISi 2p BB K, IF HAESEIR
K RE LR R BE X35, Mo 3d 25 M1 Si 2p &A%
JEUERT A B — B AR EREES, KW T
Mo—Si Z [AIJE R T 8GR SL i, £ —10—7 eV
IX [ P Si (1 2s F1 2p B 1) 2 8 4 A0 6 Si—Si Al
FETE RRIL A B, T 7E 5 X S A8 2 252 Mo
3A A Si 2p Z AT Bl FRATTI T 5 45 BRSOk
(22, 30, 31) 45 RFFA RUTF, FRFA SR TS

==y,
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1)) MoSiy 78 B [ 45 40 R0 REL 7 11 5, 79 8L 1) &5 A4
BEEILE 2 (b) # (c). BT HEAEEE 7 (2 77
] ) AN T ELA R A, 3 T 51 2 1 G P T 5t 7
T, 2% 5| S A 3 B T V5 52 7 1) (y V- THD) B 465
R AR, BT LA, AR SO RS R B, AL
TR E, 1 HE Al 7 R vy T AN
oA AL THRAE AR, BEE R R R,
FEE Py 30 1 R S B 4 T — B (R R
BT ) S R R A A A B . 2 . B A R IR
T A/ K i 78 B 52 2 9 A2 A, Horh Mo—Mo fE K
3t A VB AE ey ~F- 1T PN ) i A S 2. AT 4 AT B
EH, RN 1L Mo—Mo # K fe /N, N 3.182 A,
F L 78 5 5 3mSR A s T — B
(3.215 A). 45 %1 Si i T2 5 ) Mo—Si A Si—Si
SRR AE 1L 5 R 2 die /DN 1), T L o 0 B J5E 2 1)
0wl T 2.585 A F12.513 A, X Eb ik MoSi,
(B /N, IX 3R B AR I T S R IR, R
T JER 8 1) S P S s 5.

FEWT T MoSio M 1) HL -V BT I, FRATT6 AN [
JEL 5 B S JEE Sl T AR AL AT E B e AL (non-
spin-polarized) TF5. I 4 W BN 1L I, 2%
JE B e AR A 5 T ) A BRI T AlE B AR A AR B Y
KRE, IF HAR A MEAE R, TR 1L R B AR H
WERALFNEE B e A TH B 25 T 15 B RE B # 2
—FER, I BRI AN 0. BB, MoSiy HETE =
MR R R AR, KT =R 2 EE
AN R, R =72 R AR R
%) J5 - 16 2 2 Bl 22 S e BRI /)N 5 2 TR (1)
FHEAE FHIG 58, T AE 1544 5 H far 20 A R AR ARk,

8

BEM S TR A N T DR RIE TN
1L (¥ 98 S R A £ 47 25 PR AT LR, JRATTRS B ) 7
i BT R T C AT B0 2 T R R XU T o A
FIE AT THEFE. 9 T ik J5 8, FEASC o) 5l
R bR R AT SR AN U] 2% T e A
(1 = A5 T J2 B I B A & 3% 75 9 SMIS, HSMS,
HSMSH & %&. il LEALAR & B AL A B etk
ETH S R RE, R I SMS R HSMSS 14 & 7E H IE i)
R RS E M T AR B ek AL, T HSMSH 4K &4k
H e A AR E 1R v T B el AL,

3.25

3.20 E
—=— Mo — Mo

—e— Mo — Si
—4—Si—Si

5l =
2581 h_—./~\~_’__/ -
2.52 b

1L 2L 3L 4L 5L 6L Pk
MoSio s 5

K4 MoSio FMEREFR I T A8 I Bl AR 2 RE AR 1L

Bl 5 & b 2T A LRI 1L MoSiy 5 ) H
FHTTESE R, W45 AR &8s
B W 24 SR A1 1A Mo JR 5 2 %
JE. MR 5 PR R 5 TN, R SOK I, B
Jie ) A T ) R I Re A A A, ISR,
MR RATE. %0k R0 B el A% B2y 30%, &
Wi 9 0.3335 pp, Hrr, HA4> SiJE A1 Mo J& 51

sk ]

_12 — i) |

BAE 1 2si 1 Mo ‘é
>
o - 4 4
~ 4
1 —s, FE L
r ] 1—p. ATE L
L_— ] —d, A I

— | A 7 s, 3
/ —\ ﬁ s BT | P ET
i N [_ . B F 1, Ee

— B D l!zllggl;ll% Y EEITﬁIDJJ_ . Bl T
1 " " — 3 1 1

5 (MITUR) b 2R A = J 7 2 WAL B R AL 25 A T R RE Y G5 A AT JEE
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BEAE 52 51 psi = 0.0804 up, pingo = 0.1743 pp. I
Ab, BN EA R T REA Y Il TR RE L,
iR R SRR, N B BRI S 25 % A
AAEFEEFRIL, FEREEKT -8 eVIEEEX
B, BTAEERRE SR T sHUE. fEREREA
—8—8 eV X[ [ L T2, FZHE Mo J& 11 d i
HSi I p HUE I TR, (R B ARAL /D B ) Mo i Si
s 4. MEFOKAEHIUT —1—3 eV X 8] P fEZ
EE LR LU BRI, SRR BB PRI X RS 25 1) T
BRET R E T Mo Ji 7, A 34 Si i 11E AL
X R IR R R F 2k B Mo JE T Tk, X5
THEAS B R 45 R — 30

BI6 M 22 2 45 43 ) =2 B ) D & v R ) 1L
MoSiy I 1) B 15 45 K. o 25 55 DL R st v 1
AR SR - 1A i & A Si S 5 AL AN Mo
JRF 5y A% L. AR B 6 T Re T 45 1, [FIAE
A DA B HL T 7E 9fOK T FHE R I H B Bgm B
JE ] P AR A X BR RS, T H B e RS ATE
e R A B RT3 5 oK AR g, 1 B HSMES &
AR AN, RIS EE B
SR = 5 R ) B A A 2N 33%, M
FM0.2612 pp, Horr, ARnE AN SR 7 B N
0.0793 g, HA Mo J5l F#F 4 0.1835 up. [FFER]
DL Y, HSMS 14 1R 14 = BT Mo Ji+, T i
LA Si R TR LW R, KA —0.0016 pg.
i3 A M B ML I B S A B K,
REEALT —8 eV X, & FEEKHESIH
THIsHUE. fEREREN -8 8 VXA TE, &

B Mo J& 1 ) d B3 R0 Si 1 p PUE B sk, R
WAL /D2 (1) Mo F1Si s 7. 11 7E 27 K BE K P il
—1—3 eV X [H] N RE B LU I 2, PR oK B 4 b
IR A B B DUmk 2ok B T Mo Ji -, /b
5 Si s IEH.

B 7 MZE 2 A5 AR R U S A = R T 2
MEAE B AL SR NIRRT S5 SRR
JE 2 AN I AN Si R 1A Mo BRI 73 A 5
JEE. R g B R BRI R R e RS
[, 252 B B A B i ) AT R R ES 2 8 AR
(), 43 2% R B Aok B2 B e m) RS A ) T B3
ALV SR, vl Wz /A B, T H Az
RIS PR S A M A, & EAETK
REPHITARAR, HEAAE, 2IH BRI ER. 7£
=R 6T NS AT ) Si R L
T S, T A AU RN Y Si R B R RERE, T bA
MNP HEAT SR B A, Si RO HEL 7 45 74 R 3s23p2,
BANER AT, M SUE T FHEA 44N HT
K5I B, W24 SR FHEANH
. T Mo K B F 27 N 4d°5st, | AMZERAB 64
HLF, BT LA AT, BT W A8 T A 6 R R
XTI, NI S5k R B A, SR F11H
I, B R AT, A Si R
T A, B At BRI Si R A jE
BA AN Si R HA R, XU A, %
AR R BT IR L e A AN B X R —
ERIFAE T, B S 8 A KA R Rz b,
=52 JE K MoSi, 7 5 2 A i

~

F
R — s, FUiER L
i) N — p, FIEN L
T —d, HIT'@I"-'JJ:

K6 (MTIRM) RO =57 2B B e a0 T el g A 5
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2 Si-H 1 Mo
B 17
4 & - -
o 1 —
2
i) 3
=
—4 F — .
—% — s, HfEA B
L ) i b B
2 SURRE (e
sk | — p, HEm L _\? P e
/ P, Hier) T
- — [ I —d, HE T
— B
12 s s s 1 s 1 1 | 1
r M F r -3 0 3 0 0.27 0.54 0 1.2 2.4

7 (TR Q) XU AR = 572 B AR AL 21 R ety

4 %
AR SC R A — Y SR B 7 R 9E T DU J7 MoSis
FHRHIG TR, W%, T B DY 7 M MoSi,

(1) &5 A6 12 5 FH F 1 i, R AR RO &R R,
HHA B R, M2 A1 1B 45 J O K S 45
B3 fEHA MoSi, H3ERE I, A LT H etk
AEE B e AL THE, BEFE T VU5 MoSiy R )
TR, S5 R, &P R R A R 2 4 R
PERY, JEHBEE RN, A% E S ReH it
HIZ L T YA R R L @ X MoSiy R
FEME BRI A i, R B = )5 T 2 R I T R A R
LR BRI bR K /NN 0.33 up, T 24 78 f 5 K
TEAEFER, EEABG M. tah, AT
FU T HAN N A A DA R XU D e A s R R = R
T2 MoSiy 8 I [ HL 1~ 1 0, R B B o & v A
= JE T JE MoSiy R & A REPE (1), I M 4 R
0.26 up, TN S LA = 5T J2 MoSi, 2 IE
R ). T L, BUN A v A0 5 ) i S L R ) = R
+JZ MoSiy B 1) 5 HEk 253 71 28 30% 1 33%.
AR FE 4 BRI, =R T2 )5 [ MoSiy i 1
JEAE B2 B A K TR B B & muirE, X
FEYHK HL 0 [ T H 7 3 0 55 5 T4 9 78 1 B
F AT

SE
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First-principles study of electronic properties of MoSi,
thin films*
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Abstract

Electronic properties of tetragonal MoSiz thin films are studied by the first-principles method. The results show
that the MoSiz film is always metallic, and its density of states and electronic structure are gradually close to their bulk
counterpart as the film thickness increases. We further show that the three-atomic-layer film with the lowest energy is
magnetic and has a magnetic moment of 0.33 up for its unit cell, and the film becomes non-magnetic when its thickness
is more than three atomic layers. Moreover, we investigate the electronic properties of the three-atomic-layer MoSiz films
under unilateral and bilateral hydrogenation and find that the film with unilateral hydrogenation is magnetic and has
a magnetic moment of 0.26 ug, while the film with bilateral hydrogenation is non-magnetic. The spin polarizations for
the films without hydrogenation and unilateral hydrogenation are 30% and 33%, respectively. These results suggest that
three-atomic-layer MoSiz film is metallic or magnetic when it is under suspension or grown on substrate, indicating its

potential applications in nanoscale electronic and spintronic devices.
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