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Fig.1 (a) M(M = Mn,Cr,Co,Ni) doped Fel of 3-FeSi, ; (b) M
(M =Mn,Cr,Co,Ni) doped Fell of 3-FeSi,
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Table 1
(Ref.15) structural parameters for undoped and impurity doped
B-FeSi,

Calculated (relaxed) and experimental (unrelaxed)

Samples a/nm b/nm ¢/nm V/nm?®

un-doped FeSi, (SZHE)5) 0.9863  0.7791  0.7833  0.6019
Feo s75 Mny 125Siz (Fel site)  0.9902  0.7791  0.7856  0.6061
Feo.g75 Mny. 125 Sip (Fell site)  0.9878  0.7803  0.7859  0.6057
Feo.575Cro.125Siz (Fel site)  0.9902  0.7826  0.7900  0.6122

Feo g75Cro.125Siz (Fell site)  0.9895  0.7831  0.7894  0.6117
Feg 875 C0o.125Siz (Fel site)  0.9940  0.7802  0.7873  0.6105

Feg 575 C0o.125Siz (Fell site)  0.9972  0.7801  0.7870  0.6121
Feo.s75Nig 125Siz (Fel site) ~ 1.0226  0.8027  0.8094  0.6643

Feg 875 Nig 125 Sip (Fell site)  1.0257  0.7848  0.8174  0.6579
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& 2 24 Mn fll Cr ﬁ%u%%‘f Fel, Fell ﬁiﬁj‘ Feg. a75-
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Table 2 Total energy and difference of energy (AE) and the
stable site of different substitution sites

Sample Total energe/eV AE/eV (RIS
Mn-doped(FeD) —11227.9581
0.0093 Fel
Mn-doped(FelD) —11227.9488
Cr-doped(Fel) —11030.2780
0.213 Fell
Cr-doped(Fell) —11030.4911
Co-doped(FeD) —17710.525
0.125 Fell
Co-doped(Fell) —17710.650
Ni-doped(Fel) —18326.483
. 0.914 Fell
Ni-doped(Fell) —18327.397
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Fig.4 Total density of states (DOS) and partial density of
states (PDOS) of Feg_g75 M0_125 Slg (M =Mn,Cr)

Co . Ni) 2 K T B i (1 e 454 . i &1 3 a1, Co. Ni $&
A S BROKTH 0] 55 A A% o 2 K TH A 7E Sl g ] S
FITH M RB % 3-FeSi, MAEMW 4540 A EL, 8 Co Ml
Ni J5 9 B-FeSi, Al {87 2 3 A 5% 10 80 OF 2 Sk i
- B RE AT TR O B 4G O 7R 2 oK TR O L BB Y I RE 0
(EEMFH Z.

[l 4 25 Mn FI Cr 482% 3-FeSi, 1Y.G % N
SRy . B 5l Co Ml Ni $584% B-FeSi, 1Y 524555

PR



1144 e

=M 5520 %

80 I
Co-doped |
40 |
0 1M
4 s Il
_____ P .""I,| Fe
Pl
w 2 d ' il j
L v
= ool
e w e
i 0 1 1 o {f i A |
A S 4
3 4t i Co
g | P |
A » i
2+ oo L
"jlf "I
0 et L eenel .J«'U'lft'_A
—s
20 1n Si
i i)
10 1‘“ | |'J H’ ‘ﬁ
a ' M 1
-15 -10 -5 0 5
Energy/eV
80
Ni-doped

TDOS

=

40
== L —
----- P 3
)| ERENEE d i
:ng dl;t:r :llrl:
% _____ p J:}, | Ni
A 1 1
|

— )
= o S
[ [
\
\
y
o @
=
—— oy
F — —= b gt
.T_"'A_A ___‘-
- S Al
e ——=
]

-15 -10 -5 0 . 5
Energy/eV
Bl 5  Co il Ni #8241 Feo.s7s Mo.125 Siz (M = Co, Ni) ¥ B 45 % 8 K3 0 &
Fig. 5 Total density of states (DOS) and partial density of
states (PDOS) of Feg g75 M. 125 Si, (M = Co, Ni)

%FF Mn fl Cr ?2‘%57"‘ Feg 575 Mo 155 Si; (M = Mn,
Cr), i T Mn f Cr M % 4 " + H fi Mn
(1s*2s*2p°3s”3p°3d°4s*) , Cr(1s*2s*2p°3s*3p°3d°4s' ) 5
Fe %40 T HE i Fe (1s?2s22p°3s23p°3d°4s?) #H Bl . d
JEMZE—DE T EE TR R B IR B-FeSi® %
JEN R Fe 19 d J2HLF X B-FeSi, 19 REZS 2 1 52 mi 1R

. PRIk 7E Fe fill48 A Mn il Cr J5 . B3 T Mn Fil Cr /19 d
JZV—AH . Mn 1 Cr J5i7 5 32 3 T 45 Mn
Fl Cr #7% Feo.srs Mo 125 Siz (M = Mn, Cr) (1) 2% 2K [ [7] 4
W A% » B-FeSiy AR M7 I 2 T R 5 A i O F S 14, 8
JRJE S S HVAE Oy p B, 5 Tani 8 U 45 R AR AE
7350 Mn, Cr BYAZ 5N 15 Fe A% HP L 1 & A2 BILIE 2%
b 1B 24 J5 Feo.ss Mo.125 Si: (M= Mn., Cr) 9 R 717 25 1)
TESOR T P A8 19 52 A . B (BB B H £

%FF Co HIl Ni }2}%5# Feg 75 Mo.125 Si; (M = Co,
Ni), i T Co M Ni W # 4 W ¥ #f fi Co
(1s*2s”2p°®3s*3p°3d 4s*) , Ni(1s*2s*2p°3s*3p®3d®4s*) 5
Fe By % #h i 7 HEAT Fe (1s°2s°2p°3s23p°3d°4s® ) #H 1ol
Co ) d JZI Fe L — 7. Ni ) d JRLL Fe B2 MW
AT AR H TR B % B-FeSi, 1y & N W
Al Fe ) d JZH 7 XF 3-FeSi, HYHE % MR K,
. 7E Fe il A Co FI Ni 5. i1 7 Co FINi iy d )2 £
HiH 7, Co A1 Ni 5 R it 3 AT 7 Co Al Ni 2
T4 Feo,msMo,lzssiz(M:C07Ni)59%*ﬁmgf%ﬁ@v3'
FeSi, iy AE I S A5 1L Ui O F SR B 2005 &
HARAF Sy n AL 5 Tani % AW 45 RA A A 5540
Co.Ni WML T 5 Fe BRI 7 K AR BLIE 26 4k filE
184874 J5 Feo.s7s Mo 125 Si: (M = Co, Ni) [ B 47 45 #4 7E 3%
K T B T AR A 5 2% L BB (BRBEAHO B H IS 2.

3.3 NREH

¥ 6 S Mn,Cr,Co fll Ni #2425 Feq 55 Mo 125 Sk, 1)
A1 HL PREK

& 6 7] %1, Mn & 2% B-FeSi, JG.e fEfEE N
0.18eV hbikF 4 — kA . A E>15. 38eV 1Y X 15 . e,
ME A Z TR T RSN B E e (0) =67.11.Cr
24 B-FeSi, J5 »e, TERETEH 0. 66eV 4b 35 45 — I (1 . B8
i E>>15.30eV X .e; MENZFIHRBHSN
13 % €, (0) = 16. 86. Co #5824 p-FeSi, J5 e, 1EAER
0.03eV kbik B4 — (. fE i E>16. 31eV 1y X 8. e,
HIAE Ry % 5 TH I A A5 W A A L 9 8 e (0) = 89. 32. Ni &
% B-FeSi; JFse FEREHE A 0. 05V Ab ik 2| 55 — WE A , fiE
# E>15.55eV X I .o, WHNE ;1T H IG5 0
L # 8K e1 (0) = 650. 24.

EfEF IR A KRB 22 1 B-FeSi, WY& A ok 0
bi ttﬂ%ﬂan,Co,Ni E‘J%j\fﬁ%ﬁf Feo s75 Mo 125 Sty E/‘Jjﬁa%
B HE B e (O HEH K, ELBEE O6 1 BE & 1 3 fn i 3
/N Cr (IBAEA 51 ¢ (0 BB Ak e, 55— 14
EL A B S S5 R 48 2 I A EL AR Rl ICRE 77 1) 4% 3y, 1 4k
AT U S %K 4 L& 5 kfgre. iR 4 fE 5
A1, Mn,Co,Ni 1) d B HF 8% EAETOKT Er =0 4
BRI, Cr 9 d SR FEBEATRKE Er =
0 Kb 1228, AHAE % K T8 Y P9 MU A7 A6 388 K i . [
WA R T 18 ATE TR MR fe it T RE S HE
F MR T TR A B B9 BRAE L X B-FeSi, M4 L pR AL
At R O S 2 P JoT 2 R ]



%6 BRI R

B2k B-FeSiy 1 1454 S a2 P B 58 — 1 e B F 5

1145

Mn-doped(e,)

...... Mn-doped(e,)

Dielectric function

Photon energy/eV
100
Co-doped(e;)
C] 1 J—— Co-doped(e,)
g
S 60
2
£ 40
3
2
(]
| |
0

4 8 12 16
Photon energy/eV

Cr-doped(e,)
------ Cr-doped(e,)

Dielectric function
=

i
h

10 | | |
0

4 3 D 16
Photon energy/eV
soo Lk Ni-doped(e,)
| - Ni-doped(e,)
8
‘g 400 H
2
2 I
B
3200 H
0
Aa a
oo
| L L :
7 4 ] 12 16

Photon energy/eV

Kl 6 Mn.Cr.Co fll Ni #8445 Feo s75s Mo 125Siz [ L B EL
Fig. 6 Dielectric function of Fey 75 My 125 Siz (M = Mn,Cr,Co,Ni)

4 Zig

I 5L 75 BE 12 o Ve 11 O 34 T 9 7 s 5 W 4B %
Feg 575 My.125 Siz (M = Mn, Cr, Co, Ni) i) JL{r] &5 44 | BE iy
S ADGAAE B AT TR PR R R B AKX 4
it Z= BT AR (15 B-FeSiy (14 M ARG K 1 m] L J% T
TR Fe Jst 5 10 OG0 i i i 22 L b Ni 48 Al 7
i IV 2 R N D] A T R e S PN
4% JE A7 s TE B-FeSi, H148 ARIR] Z% BT i 48 2% It - 1) 8 4
i EEA A, Mn 2220 Mn i1 19 B8 460 &5
Fel fiif#) Fe J&F.Cr,Co.Ni 5 24 it 2% Jif J5 7 1 B e {f
B4 Fell (i) Fe J5i ;5 22 W] B % | B-FeSi, 2%
DK THT 19 57 B L % 2t oK T BRI 1 BB T 45 A A 9 T 146
I EA T B M, Cr 48 2% 5 28 K T 9] 407 217 i 7% 2%
K T F L6 A AT 0 H e L il B-FeSi, 1S HLZERIAE g p AU,
Mn,Cr 7E FeSi, 3 i 32 £4F 1, ge 4 4k 25 7¢; Co, Ni
IR 5 o DROK T 1) 3 O B o 9% oK T 47 A8 4 A ep ) L
B-FeSi, ()5 245 n 7, Co, Ni 7£ FeSi, % i jiti
FAEH RS A L 1 5 Z% BT 1 19 48 ATE 2K TH RO 4R
ft 7 R E B T % T i TR [B] Y BR AT . X B-Fe-
Siy [ H, bR BRI )

%k

[1] Dimitriadis C A, Werner J H. Logothetidis S, et al. Electronic

properties of semiconducting FeSi» films.J Appl Phys, 1990, 68

2]

[3]

[4]

[5]

L8]

L9]

[10]

[11]

[12]

[13]

[14]

(4):1726

Suemasu T, Negishi Y, Takakura K, et al. Room temperature
1. 6pm electroluminescence from a Si-based light Emitting diode
with B-FeSiz active region. Jpn J Appl Phys, part 2, 2000, 39
(10B): L1013

Ware R M,McNeill D J. Iron disilicide as a thermoelectric gener-
ator material. Proc IEEE,1964,111:178

Birkholz U, Schelm J. Mechanism of electrical conduction in 3-Fe-
Siy . Physica Status Solidi B,1968,27(1) :413
Nishida I. Study of semiconductor-to-metal transition in Mn-
doped FeSi; . Phys Rev B,1973,7(6) :2710

Kojima T. Semiconducting and thermoelectric properties of sin-
tered iron disilicide. Phys Status Solidi A,1989,111(1) :233
Komabayashi M, Hijikata K, Ido S. Effects of some additives on
thermoelectric properties of FeSiy thin films. Jpn J Appl Phys,
1991,30(2) 331

Tani J,Kido H. Electrical properties of Co-doped and Ni-doped 3-
FeSiy.J Appl Phys,1998,84(3) :1408
Tani J,Kido H. Mechanism of electrical conduction of Mn-doped
B-FeSiz.J Appl Phys,1999,86(1) :464

Tani J, Kido H. Electrical properties of Cr-doped B-FeSiz.Jpn J
Appl Phys,1999,38(5A) :2717
Birdwell A G, Glosser R, Leong D N, et al. Raman investigation
of ion beam synthesized 3-FeSiz.J Appl Phys.2001,89(2):965
Tani J,Kido H. First principle calculation of the geometrical and
electronic structure of impurity-doped b-FeSiz semiconductors.
Journal of Solid State Chemistry,2002,163(1) :248

Pan Z J,Zhang L T,Wu J S. A first principle study of electronic
and geometrical structure of 3-FeSi, with doping. Acta Phys Sin,
2005,54(11) :5308(in Chinese) [ 57, ki ke . R @k . B 2%k
ik B-FeSiy L T 5540 S JLA 4544 5 — 1k SR BT 50 . 4 B o 4T
2005,54(11) :5308]
Yan W J,Xie Q,Zhang J M,et al. Interband optical transitions in



1146 S % 29 &
semiconducting iron disilicide B-FeSiy. Chinese Journal of Semi- [18] Perdew J P.Burke K,Ernzerhof M. Generalized gradient approxi-
conductors,2007,28(9) ;1381 (in Chinese) [ IF 7 8, #f %, 7k % mation made simple. Phys Rev Lett.1996,77(18) .3865
055 BRREIL & W) B-FeSiy Al 8] 6 2% BR i 1Y BB AR 58 . 2 3 Ak 2 [19] Hamann D R,Schluter M, Chiang C. Norm-conserving pseudopo-
#2,2007.28(9) :1381] tentials. Phys Rev Lett,1979,43 (20) :1494

[15] Dusausoy P Y, Protas J. Wandji R. et al. Structure cristalline du [20] Monkhorst H J,Pack J D. Special points for Brillouin-zone inte-
disiliciure de fer, FeSiz 3. Acta Cryst,1971,B27:1209 grations - a reply. Phys Rev B,1977,16(4) :1748

[16] Segall M D,Lindan P J D,Probert M J,et al. First-principles sim- [21] Kondo S I,Hasaka M,Morimura T,et al. Mdssbauer studies of Cr-
ulation:ideas, illustrations and the CASTEP code.J Phys: Con- or Ni-doped B-FeSiz. Nucl Instrum Meth Phys Res Section B,
dense Matter,2002,14(11) . 2717 1993,76(1~4) .383

[17] Fischer T H, Almlof J. General methods for geometry and wave [227 Kondo S I,Hasaka M,Morimura T,et al. Mossbauer effect of Co-

function optimization.J Phys Chem,1992,96(24) :9768

or Mn-doped B-FeSiy . Physica B,1994,198(4) :332

First Principle Calculation of the Electronic Structure and Optical Properties
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Abstract: The electronic structure and optical properties of impurity (Mn,Cr,Co,Ni)-doped 3-FeSi; have been studied using the first
principle plane-wave pseudo-potential based on the density function theory. The calculated results show that Mn prefers the Fel site,
whereas Cr,Co,and Ni prefer the Fell site. The change about the volume and the atom position of the -FeSi; cell depends strongly
on the species of dopants and the doped atom’s sites. The Fermi surface moves to the valence band with impurity from Mn or Cr and
the B-FeSi, becomes a p-type semiconductor while the Fermi surface moves to the conduction band with impurity from Co or Ni and
the p-FeSi, becomes a n-type semiconductor. The dopants can provide large numbers of carriers near the Fermi energy and change the
properties of the interband transition of electrons.
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