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G B-FeSio & —FidEH G /IS I B2 T4k, H i T REHAEY, BT DR MR & 8= R B B
A B-FeSiz AHI A% %, R “BIAE + 8T SRR, Bt & T FesSisM (M = B, Cr, Ni, Co) &
ZICHEML. WFFLT FesSisM R = CEMIIEEM . By FEHURFIE. 25 R0, IR S AN AR 7S, £ 850 °C/4h
B KGO A, BININEE =400 M AR S5 mIE KR AR AR AN gh 55 &, Cr F1 B SR =41 ahd nf s
WE— B H, Co fERF =IO, ML, o HONERINEEEEE. B, Cr A Ni FE 058 =4t iR @ 2 SR R
A A [F R FE AR I, EAE LU T &, Feo.7Sis.aBo.o FEIEM Y SR M oy A R, HLAFHERN 0.17 Q-om. #R K
JEN 2.8 x 1020 ecm™3, ITEHHEN 0.13 cm?/V-s, HHLTEE LN 0.65 eV. FrABI A& =TT A 8 8 AHH X,
HRBAS =00 B MR LIRS =0 B-FeSio AT SARTEREAIL.
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Him p-Si(100) 2 v Bl T FesSisM R=JuH %
VLTS, W95 = A TGN N D S S B 1) 45 R R AR
J SR YERE, R K G, B i = A
TRIAER IS B A TR B S o FE P BE ) SR FRZRTE —
JG B-FeSip Ffih 5| X35 =40y & B AHAH X 1
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FoAb 7 B Lt o HAH gy, I8 3L @i ar. A
LIEHL T Cr, Co, Ni fll B 1F N #E# i ¥, & it
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B4y, B 2(b) N Fe-Si-M (M = B, Cr, Ni, Co) &
AW ECT B VL S FegSis B 45 1) B, AHEIH o
JIT A5 A B N BTt ) FesSis My (FeasSige.7Ms.3)

3 E 7k
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I3 HT, IXFEREA RO Si FEART R E R ST e RS
BRI, R 1 2K A Fe-Si-M (M = Cr, Ni, Co,
B) AT il R FL T AR A A I 45 R, &R L 3
B3 53 M sy SR B iR Aok R 7R, v BB H,
e Fe f1 M e & &IEA08 3:1, XM=
JTLHE P ICER & E A — 8 ER A RN
JCERFER T Si & EA ), XEEEH T T
FAN (R B S 2 . K1 R R
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)l 1 2 222 e d /N FUAE 9 B8 = 2 Jo N ] DA B IE
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F 1 RIS Fe-Si-M HEFRE S 10 B FEREHZ R (5 WA RTIRRIE )
Bk iy Fe-Si-Cr & Fe-Si-Co % Fe-Si-Ni £ Fe-Si-B &
R Feas.0Si66.7 Ms.3 Fea4.9Si66.6Crs.5 Fe19.1Si74.6Co6.3 Fe24.6Si68.4Ni7.0 Fea2.3Si70.3B7.4
(H#%0) (Fe3Sig M1) (Fe3.0Sis.0Cr1.0) (Fez.3Si9.0Co00.8) (Fes.0Sis.2Nig.9) (Fe2.7Si8.4Bo.9)
Si/(Fe+ M) 2 2 2.9 2.2 2.4
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IEAZE TR LI RE ) 2 Ak, A = AN B & R o 8
& Si—Ml. BKJE, BRIEFEIFE LIS Cr

FE A ARy B AHAN, 5 B 1 Fea 1Sig 4Bo.o i
HAR R JE IE AL 22 h i b, (H 2 H A m] DL A i
AN B AH, BEH B AT RAR R OK B OAHAHIX. T
$ Ni ] Fes.Sig oNig.o FEMTEE Si &M T AN
AR oo+ B AH, (HRIR KIS EITERL T ¢ + B AH, UiBH
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A7 A 1T 3% 5 T R UOWE AL Bl 6 2 Fes 0Sis.2Nig.o
M 850 °C/4h 1B AK J5 I A IHNE S BT TE S AN B
FHRIORL FL A7 5 B, b ] 6(a) (1) F1(2) #E
J& Fes 0Sis.aNig.g 18 KFE 5, P FE 117 9 7] 350 43 o2

Fe;Si52Nios
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Kl 7 J& Feo.7Sig.4Bo.o 8 I ¥ 8 11 2 4 FEL 85 T
SRR X & 2y HE R A0, EAE RS mT A, B AR
55 =2 O BIRE AR IR S RIX A% a4k, (H 2 AR
JGTRE/AN R JLEAgK, #E—20 s o ik AR
K Je R R R 2, RS T B A (il 7(b)
EoRn T WA ESINE B AHERD, B8 B A AR ik
ST I b 5E A (HRTEIL SR R I 2 50 B AH B
o N R A SR, s R HE R R A (i 7(c) N B
FHH O WL HE DR EEE S5 ) 25

FTLA, £ 850 °C Bk 4 h Jm, F & Wi ] DL 5E
A ditb, B2 YR ALV, SRR RIS R, A
WL RS #02 G K B 2 B H L AR 5 AN HE 22 R A
PR IR, AR ELEE B AE N EE = 4 oA 4k i 1 1
F. ZEpkt s P2 (e e R M, 16 (Fe,M)Siy (M £
IRARIEE =H0) —JuA &, ARMAH TR
i T BBE ) RS2 A AN [, TEAR ¥ 264~ B 1 Cr 11
WA R THE SRR, BESR B A1 Cr A F) T3k
o PR A 8, T8 R 0 79 o o 2% 1 T AL B i T I
K3k A B R XS AR T o e 2 VR A A TR
XA A A A TRATTLE SN B HIAE & A B8N
e R RS B R 7R A A IR KRR, R R AR
(1) TR B, YR R R STl RS, 3R B L &b R AR
U, FHSLFRILE R FAD AR KR T Py i o KR R i K

SR SA 257, & FECR RIS i .

BRI 9 AN [7) 6 2 %) i A T A A i s DRt B2 1)
SRR FE AN R S R Y, E— PR E T IRAT] R
T i) 5 = 70 18 58 00 470 A 3047 8 I e Rk R E
B

N T HER =0 A S R KT S 2 SR
RE, BEAT T SR T B AR R0RLAS W A B R R
B, O T TIE R AlLOs HRE 5 HET B R
A, 2% 2 & Fe-Si-M (M = Cr, Co, Ni, B) &
JER K AT J5 1) Hall R84Sl 45 5. I HL T Z ok &,
T S i (0 FRL B 26 AR /N T 1073 Q-om, 0 B
15 BT, 2 SR R R I A 2, (H 2
AN FR oG 286 S B B S A A — B, W Cr 3R
o VB 1) 5 R M SR . B K JE Co 1B 5 = 2 T,
HA, B 6 (1) AR A0 AN K, T At = ANV I 28 oo Fe BE 26
%Bﬁﬂﬁgzﬂ‘%ﬂﬁ’/l‘g/l\ﬁ%é&, jﬁﬁ% Fe, 7Sig 4Bo.g
v ER P R G B 0.17 Q-om, & & 2 54k u %
Ken-ichiro %5 24 #f 70 7 K45 4% B-FeSiy X (1] 5
R S Si/Fe HL I OC &, 800 °C, 3h iR K J5 i 13
FI4lfl B AH, {H A2 FRE M R A R A, =
TN HT RS R G Si/Fe bX B /N 10 B n,
KAEAEF 10 ecm?/Ves, Ff TR E AN 1020 cm =3,
MM £E 900 °C, 14h 3B ‘K 5, &b 44 5T & A 4 & %K
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TR E R B A SZ 6 T R B Fea 7Sig 4Bog fE
B KGRI TIRE (2.8 x 1020 cm™3) fIiE R
F(0.13 cm?/V-s) 5 FiR 4B —5, 8 B 1N

= JuI}, Feg 7Sig.4Bo.g = JG A
JG B AHAHIT B AR MERE. TR

KI5 =
AL R ] F AR

Kt — DR R R, S8 = e R SR
RE, AL T RIBE FUE . 25 LT J, B KR
J& Cr, Ni, B AE 95 =41n i I 3 vk RE A8
B ARk, (H B AR 3 =4 e i, R A 1
FAPERE.

7 Fea.7Sig.aBo.g M 850 °C/4h iR K5 I HIZE M BT A L # i T RBUES  (a) BUIMZEN BT, (b) 1 (o)
JIBE X 5 AL P 7 3% L SR RS 3 DA L R A e ] 13

%2 BARHIJE Fe-Si-M (M = Cr, Co, Ni, B) Z Ml 1) 255 Hall 248046 45 5

FEdh IR TIRE Jem—3 TR /(cm?/V-s) 2R /Q-cm
Fes.0Sis.0Cr1.0 6.7 x 1021 1.47 6.4 x 104
et 25 Fe3.0Sig.2Nio.g 8.4 x 102! 0.73 1.0 x 103
Fe2 7Sig.4Bo.9 8.2 x 1020 3.19 2.4 x 1073
Feg.3Si9.0Co0.8 4.7 x 1021 1.25 1.1 x 1073
Fes.0Sis.0Cr1.0 1.4 x 1022 0.34 1.3 x 1073
BKE Fe3.0Sis.2Nig.9 1.7 x 10?2 0.01 3.0 x 1072
Fe2.7Sig.4Bo.9 2.8 x 1020 0.13 1.7x 1071
Fe2.3Si9.0Co0.8 1.8 x 1023 0.03 1.1 x 1073
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P 8 & Fe-Si-M (M = Cr, Co, Ni, B) % i i
BKETE ) («T)2 A1 E IR REhLR, Hp T o8
MR, E R aeE ho. B KHT, 355
M AE 0.5—1.0 eV I & Y6 [l N, B A U8
Wb, BT DA S S 0 F O S HL &R S R
e, X SR E RN e g R 8% Bar XT3
i FeSix ¥ 52 5 17 75 - 5 4 B 2 A7 76 7 1
(9, 5 %38, Milosavljevi 25 1251 §F 52 7 9F & FeSiy
HA 5 AR 2 S 44 B8, T Naito %5 [26] /¢
IR, FHE TR A B VEAE Si(111) F& 7 F il
%K) Pe-Si dEfZH 2L BEF M, ARG LS
PR, AATTHED, JF 5 Fe-Si 2 b, ATAEAER
TR 7 45 MR T LR AS R (1) f AR Bk R, B
S5 A b AN ) Jd R AR B 2 B I 2 R
JIT LS A 4 A 1 7 9k ) 4% R B 2 5 1 A
5 B YR N BB AL Gl SCRR IR B o B-
FeSiy 1 K 5 5 £ 0.83—0.87 eV 3] 1 & 8(b) iB
KGRI 45 BB R Cr, Ni, B N5 =4l cit, 7]
DL BA S WU, A1 R K 4058 0.55—0.65 eV, Lk
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TG B-FeSiy I IR (0.83—0.87 eV)[1 =31 ZE i AH
HA T 5, B OAEE =4l nht, BB R e G BR
TEEZIN 0.65 eV), Cr iIR2Z. LA Co AZE =2 I0H,
oA U1 R A v B R 2 ) i R IR S R
K JE FE S AR AL R 0%, B ORI Cr i 58 =4t
(1 SR R Ay B 1) B R, T AR AT U6 S i Ni 1
NEZH TN B+ e AH, TR IS,
ifi Co fE N5 = 4L Iuif R o = B o A, RIN
NG BB A g, 2% ERTIR, 1B K G A
A, BARTE H TR K& T, f ik &I AR 2
1R, (HAZLL B, Cr A1 Ni /B N5 = uirt it B
AH BT XS L P 2 G AR o T A A R R B2 AR 3, T
A G W IR AFAE KR B A BB (2R R E A
25, S SRR R R, Bk,
M B RN =ML, RERILH S ot g A
B2 SR MERE. BT ATE 0 B-FeSip il L5 A&
TR =Hoor Ay R B AR X, AT AR A =
JC B HEEAL YL B-FeSio T FARYERE
M.

0.35

0.30
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(=}
N}
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Fe,3Sig0 Cogs

(b)
05 06 07 08 09 1.0
E/eV

8 Fe-Si-M (M = Cr, Co, Ni, B) RMEMIE KATEN (oT)2-E KR () TEH AR (b) 850 ©C/4h 3B K JFHE

5 4

AN T A 0 0% B2 IR T 45 iR R, DL Cr,
Ni, Co, B %5 ik #2 Ji -, R FH W 4% Wk 5 75 % 48
Ll Al,03(0001) ATHL § p-Si(100) 8 A 1 il #%
7 FesSigM (M = Cr, Ni, Co, B) Bl &4, AT 5T
T = TN N S TR ) 45 ) B PE e Bl R K SR A

ARk, 5 SR B, MRS A 0 = o AR &, %
HHULR A TERE. 1AE 850 °C iR K 4h J&, HR
Al Ak, HER RS EUN, B R, B AR
i AN HE D J2 B S5 AE A BRI, 28 = AN [, 1B KA
AR [R5 T KR AR TR, Cr AT B 58 = 4 e i ] 52
PLe— B AH, Co 1ENEE =41ooh, MLl o M8
RIUNEJEFE. B, Cr A Ni 1 N5 = 4o iRe
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Hh 2 S T T A S TR R AR A, (EAH L
Fey 7Sis.4Bo.o MR 11 SR VERE S A 2, FLHBH
FN0.17 Qem. HIRTIKEAN 2.8 x 1020 cm 3,

TEREEN 0.13 cm?/V-s, T B9 FE L8 0.65 eV. T LA
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[3-Fe3Sig M ternary alloy thin films prepared by
magnetron sputtering®
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Abstract

[3-FeSis is a promising environment-friendly semiconductor material. However it is difficult to obtain pure phase for such a line
compound. To investigate the solubilities for a third alloying elements, in this work FesSis M (M = B, Cr, Ni, Co) ternary alloys are
designed based on the cluster-plus-glue-atom-model. Thin films are then prepared using magnetron sputtering. The as-deposited films
are all amorphous and become crystallized after annealing at 850 ° for 4 h. It is shown that samples alloyed with third components
Cr and B can reach single [3 phase easily. However, the main phase is o phase and the films tend to exhibit metallic characteristics
while alloyed with Co. Of these films, the Fes.7Sig.4Bo.9 film presents the most prominent semiconductor performance, and it has a
resistivity of 0.17 Q-cm, a sheet carrier concentration of 2.8 x 10?® cm ™2, a mobility of 0.13 cm?/V-s and a band-gap width of 0.65 eV.
It is confirmed that doping a proper third component can expand the 3 phase zone, exhibiting a similar semiconductor property to that
of binary (3-FeSis.

Keywords: [3-FeSiy, magnetron sputtering, amorphous film, semiconductor
PACS: 78.55.Qr, 68.55.ag, 81.15.Cd, 32.30.Rj
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