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Abstract By using the first principle pseudo-potential plane-wave method based on the density function theory
(DFT), the geometrical structure, electronic structure and optical properties of 3-FeSi, with doping Ac are calculated
and analyzed. The calculated results of the geometrical structure show that the lattice constants @, b and ¢ change,
the volume of lattice expands. Electronic structure calculation indicates that the Fermi energy moves to conduction
band, the band structure is still quasi-direct bandgap, which becomes narrow obviously. The density of state near the
Fermi energy level is mainly composed of Fe-3d and Si-3p, Ac-6d only devoted to a small part. Optical properties
calculation indicates that the static dielectric constant ¢, (0) increases. The peak of the imaginary part of dielectric
function e, decreases and moves to a lower energy. The refractive index n, increases significantly and k moves to a
lower energy. Optical absorption coefficient increases. The average reflective effect has little change. These results
offer theoretical data for doping of 3-FeSi, .
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Table 1 Lattice constants and total energies for undoped and Ac doped B-FeSi, after geometry optimization

Boab Ko #AFAZL., XEHT Ac IR T2F14%
(0.195 nm) KF Fe iy Jit 7242 (0. 126 nm) , Jif LA
AT Ac A BOR MR TR K S s 450 & R
TR

Sample a /nm b /nm ¢ /nm V /nm® Total energy /eV
Undoped B-FeSi, (experimental) 0.9863 0.7791 0.7833 0.6019 —
Undoped B-FeSi, (calculated) 0. 9905 0.7737 0.7791 0.5971 —17302.1698
Ac doped B-FeSi, (Fe [ site) 0.9778 0. 7881 0. 7947 0.6124 —16472. 5479
Ac doped B-FeSi, (Fe]l site) 1.0170 0. 7754 0. 7801 0. 6150 —16473.5169
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i & 2Ca) W] A B-FeSi, & ik B #2 B 2 S 14
BB 0.75 e VORMAF TR M fi— S 47 IR
N mO S [T BN 0. 72 e VOl MAF TN M S—> 3
WK U &) . dE 2(b) A[H: Ac $B24 )5 . BEH %L
i L B RN Y T AR S 2% L S OR BB
ZERL T A A B A B R R A% . B Al 10 R
B E R K TN, RBOTBR R ZE%E, Ac

A5 B-FeSi, 752 kB 4 B F SR B By
0.19 eV M TR Wk — SR P g [ 4%
WELN 0. 12 eVl MaF TR Wi — A7 IR Q
Do B 2T A i Ac B 2% 5t 22 156
B X T Ac BT 7s 255 T IR A B 1Y
FEAE R S AR BN - 2% o AR 38

SE SR . XL AT LA H T T A 23 2 S R R AR — 2P

70 50
60 1@ —Ac doped -FeSi,Dos}| ) (1)2 F - Ac-Ts: f
| —undoped -FeSi,Dog 40 (g —Ac-6 1 ,\ :
0 —.-Ac doped Fe Dos 3 A g A
o b0 ! k L | o4 A B
§ | —---Ac doped Si Dos = 02F ./ 8 | Vi
@ 40----Ac doped Ac Dos 2 30 L i
o[ 3 S15-10-5 0 51 i
30 %20_ ——F.e—3d I i
5T 200 ——sip 4
g 20| 2T Ac-Ts / \ :"
a ol 10 —---Ac-6d / vy
- [ ANy s !
0. 4,-4_ Lo ’u; L P R
B0 0 5 & R T — 0 5
Energy /eV Energy /eV

Kl 3 Ac#BZRHlJE B-FeSi, 19 (a) Bl B 258 BE A1 (b) 25 I 19 73 I 25 % L

Fig. 3 (a) Total density of state and (b) partial density of states for each atom in undoped and Ac doped p-FeSi,

1116002-3



2 i

%) ik T

Kl 3 J& Ac 8 2¢ BFeSi, M B 5% E
(DOS) J2 4 J5 519 73 P A% B (PDOS) . B-FeSi, 1)
SRS B S Fe (SiJE 1Y 43 i 25 85 B AE SCHR
(3] E @ oE 1« oK BE B I 1) 5 9% 2 2
Fe ) 3d 251 71 Si A 3p 25 HL T3k

HE 3 A LIE W 48 Ac iy B-FeSi, BH T
BREERE T AL AE—1.39 eV Fl 1. 25 eV Pk iy
FL 25 8 B U A 0 ) 1w I B 7 1) B8 2l HL U 58 L 9 OK
RERIE AT, S T 8% 2l Fe F1 Si BiFh
J 1 3 I 2 % BE AR L, Ac 9 STRRAR /. I3
(DA LAF 7R OKR RGBT, Sl T % Fe
() 3d Bt B A% B R Si B 3p B B P A
PR T Ac 1Y 6d BLIE ML 25 % B STERAR /) s Ac 1Y

50 (@)
n Ac doped
40 — — ubdoped
30
S
20
10F

Of

-10—~

Energy /eV

K4 Ac4BI%HTJE B-FeSi, M4 R %L,

Ts BUE LT A R AR AN X R A B F 9T Bt
BRI+ T AE S 405 DX BT R AR 36 /0y o 7T L2 AN T

HE N R e(0) = & (w) +ie; (w) AT LA
DR Fi SR 2 P W 7S L PN D [ A 22 0L D' 2 i )7 R KR
PR B BRIE LR A4 SCRN v 437 BR 30y — e ) JE A
ORI 28 AT LA 3 b A H o 50 390 5523 L IR e
AN A 45 A B #fie 0 A L SCRRL 18 — 191,
X 6 SR 43 BT A A BB Y 45 1 RGBT 1 3 i
il S W T RE S ] L 1 BRIE 7 ARG 19 OB LB
3.3.1 H e B

Bl 402 Ac BRI G B-FeSi, B ol KL
I HEH

25_0))
Ac doped
— — ubdoped
. A . Lo 111
0 2 4 6 8 10 12 14 16
Energy /eV

(a) FZHE s (b) HE P

Fig. 4 Dielectric function of undoped and Ac doped §-FeSi,. (a)e; (w); (b) e ()

i & 4C) 50 Ac B4%)5 . B-FeSi, HIERAS
W e, () 12. 83 #E &5 5] 51. 20, () Bl 5 9% T ik
PRI IGE/N . HE ACh) AT Ac B 2% )5 . B
FeSi, (14 W R B 19 38 e 78 1. 77 eV [0 {H
20. 87[fIKAE T B B T 0. 27 eV, I H W AE 38 /) F
18.46;7EHE = KT 10 eV By X I, e. BT Z.
XA DIl B 3 A% kMR, Bl 3wl
B Ac 1) 6d 45 HL T2 B AR 98 OK T A AR AE BRI
W, PRI L 2% T B T A 1938 AL FE 3Ok 1T Ak 2 43t
TOREM S U T AR ) BRAE X B
FeSi, B4 A R B B H A G 27 1 ot 3 A T 52
3.3.2 AiHrE

M4 1 A5 9 2 A H R T SR R AT R
50 Ac #8255 B-FeSi, MHTH % n FIE R
ok, BB S AT Ac B 2401, B-FeSi, 1937 4 &
n, =3. 62,5 Filonov %" [ 45 45 & 84 - FERE =
N 120 eV BT TR 0 A D IE(E N 4. 54578
REfE R 2.16 eV BT M E R B b A — & R3. 13,
ERE R T 10 eV B IR L A TER ., AcBik

J& s B-FeSh, BT no & F 7. 20, FERER N T
7.70 eV I TR 2 B 6T RE S Y 1 R
/N T L ERE R R T 7. 70 eV [ K, T a
W 5 O 7 BE B 11 0 2248 16 5 9 Ot R & AR AR
F 1A — UMW . e K E ARy 2. 89, e K
e F b %% 7 () 0% T RE BN 2. 12 eV fERERE K T
10 eVEF RS L A T,

8

7 L ——n of Ac doped

6 1 —-—k of Ac doped
é — — n of undoped
s5R T k of undoped
TR\
5407\
Q
&3r
& 2

LE

oLZ »

0 2 4 6 8 10 12 14 16

Energy /eV

Bl 5 Ac BTG B-FeSi, M i I OL R
Fig. 5 Refractive index and extinction coefficient of

undoped and Ac doped -FeSi,

1116002-4



AL

Ac $87% B-FeSiy ol 4 5T i 5 — P U AT 53

160000
= 140000

<
Q

/
g 120000 /

——undoped
— — Ac doped

Tt
N
e
”~

ffi
—
o
S
S
S
S
T
X
-
—

T
=

80000
60000 \
400001 \
20000 7 \
oLl | T I N |

L I
0O 2 4 6 8 10 12 14 16
Energy /eV

Absorption coe

6 Ac $BZ%Hi)E B-FeSi, MW I ZR %K
Fig. 6 Absorption coefficient of undoped and
Ac doped B-FeSi,

3.3.3 RKAEHK

M T 545t 00 52 A0 H bR B0 T OR S Wl R
B AR 6 iR, I 6 AT Ac B 24HT
B-FeSi, iy W it & A = A0, 73 0 A T 2. 65,
4.98.5.89 eV BitiT ; 7ERE B K F 15. 89 eV B, R Ui
BZBNE., Ac BT, p-FeSi, I Ik R 5 A M
AUE LT 2. 73 VORI A U I 55 X A 12
Fe () 3d 2 H 7 F1 Ac Y 6d 25 HL 7 BR 1T 2] 517 s e
TE I s 67 F 5. 77 eV Ab 1y 08 {H 385 58 L 3% > 04 J2
Fefy 3d BH M Ac iy 6d SHFMIREGEE Si
19 3p A HLF 2405 B 3l BRAETE Y s TERE B KT
15.61 eV I, U RECHZE
3.3.4 R g

K 7N Ac B24HT)E B-FeSi, MR SHE., K 7
AL Ac BB 4RHITIERE R 7~8eV 1 X . 3-FeSi, 1Y
S T0 %60 3K S H FE X — AR LV Bl N B-FeSi,
I A B SRR S A B OGRS A B B T X
LT R TR, Ac B244)5 . B-FeSi, 192 5
HiK 700 M RE U i R 516, 8~8. 4 eV 1y X 3k,
JEHEAE 7.70 eV Ab, S5 83K B b5 KR CHIT TR 1153 119
SR E S =R R PO NNV (R N] - N A

1.0
0.9F — — Ac doped
0.8 ——ubdoped
0.7F
£ 06
05

1) L PR R I
0 2 4 6 8 10 12 14 16
Energy /eV

K7 Ac#B2%Hi)E p-FeSi, BYRHTE
Fig. 7 Reflectivity of undoped and Ac doped B-FeSi,

3.3.5 REEMEHK

RE 0 458 2 bR B0 il A8 H A 0 5 2 5T 1 A ST
I RE BRI L L HE R R 5 8 Tk
PRV B R PE, 8 Ik T Ac BTG B-
FeSi, WRE R REM AL, HE 8 Al A Ac B
Z& )5 B-FeSi, MRE 5 2% bR B5 i 0 {5 1] =5 RE 7 1] 4%
7 0.43 eV, HR T ARBIM B-FeSi, 1Ak
BRI I

i

14__ ——undoped
121 :l——Acdoped
L 1
g°F
g or
Q
= 4L
2
N
0 | 4 l TR "
0 2 4 6 8 10 12 14 16

Energy /eV

K8 ActBZ4Hi)G p-FeSi, (YRE & 1 2 s %K
Fig. 8 Loss function of undoped and Ac doped 3-FeSi,

4 4 e

BEF 55— B % R B I O T
X Ac B2LET G B-FeSi, 19 LA 45+ . v 145 F4 A
JeEME AT TSI B AT . LTSS R T
SR EW  AciB )G BFeSh, fMEH L a b K c #B
AL, SRR K, T AR TR A R R
W14 A Ac J5 B-FeSi, 28K 18 B i ) B8 HF 45 49 25 15
A%, Ac B Fe SETOKR AR GBAHF 25 F9 475
SRy U L B AEL I AT B B A s A 2l oK T B O
Ac JEF1 6d JZ2H A% G S A% EMRN
() — &R 43, ML A% A SR B Fe (19 3d 2 M1 Si
() 3p JZHLFAEEIE. G5 gh )%k
B RS R SO AR A R B R e 1Y
W (L 1) IR RE 7 1) 8% 8l O LWL 55 3T 39 3 ne B B 42
B THE R B & 0 ARARE T 10 A — NIRRT
5.77 eV Qb iy Wi e 0 1 5 SF-2 BIR RR0E AR AL AS K
XULE Ac #8244 B-FeSi, REAT #5110 Ho6 o't iy M i
YT HAE R XA B T2 & B-FeSh, 196 L 3% it

B B#MuMRXFATATFSRBGITE LS.

s % x #t
1 Pan Zhijun, Zhang Lanting, Wu Jiansheng. A first-principle

study of electronic and geometrical structures of semiconducting g-

1116002-5



g3

M

FeSi2 with doping [J]. Acta Physica Sinica, 2005, 54 (11):
5308—5313.
MR, KK, REE. B2E TR B-FeSiy B F 454 KL
SEREE— PE IR BAF T L)), ¥ B AF 4], 2005, 54 (11): 5308 —
5313.
2 N E Christensen. Electronic structure of p-FeSi;[J]. Phys Rev
B, 1990, 42(11). 7148—7153.
3 Yan Wanjun, Xie Quan, Zhang Jinmin. Interband optical
transitions in semiconducting iron disilicide B-FeSiz [J]. Chin J
Semicond, 2007, 28(9). 1381—1387.
EI . WO, KB BRak ik AW B-FeSiy A2 AT
BSHFSE[]]. 2B SR, 2007, 28(9); 1381—1387.
Li Weiwen, Zhao Xinbing, Zhou Bangchang, et al.. Electrical
property research on N-doped B-FeSi; based alloys [ ] ].
Nonferrous Metals, 2002, 54(3): 9—11.
MBS0, B, FME. . 18 N -FeSiy He 4t b kL i
TERERIBISELT]. A 4R, 2002, 54(3): 9—11.
Yan Wanjun, Zhou Shiyun, Xie Quan, e al.. First principles

S

o

study of electronic structure and optical properties for co-doped -
FeSiy[J]. Acta Optica Sinica, 2011, 31(6): 0616003,

EAE. R, w SR, SE. Co B¢ B-FeSiy HL T 451 ROt 2
PR A5 — PR BB S [T, SB2f 244, 2011, 31(6) : 0616003,

Yan Wanjun, Xie Quan. First principle calculation of the

o

electronic structure and optical properties of impurity-doped -
FeSi, semiconductors [J]. Chin J Semicond, 2008, 29(6): 1141
—1146.

ETH . W B $B82% B-FeSiy WML 454 KOG AE M T AR —
JRBIAFFEL]]. 2F AR, 2008, 29(6) . 1141—1146.

Zhang Chunhong, Yan Wanjun, Zhou Shiyun, e al.. The study
of electronic structure and optical properties for C-doped p-FeSi,
[J]. J At Mol Phys, 2013, 30(4): 683—688.

skFLL, FETTH, AL ZE, . C1B4% p-FeSi; ML T 454 6%
FRtEFgE) ). 7 50 73244, 2013, 30(4): 683—688.

8 Zhang Zhongzheng, Zhang Chunhong, Yan Wanjun, e al.. First

-

principle study on geometric structure and electronic structure of
B-FeSi; doped rare earth element La [J]. J At Mol Phys, 2014,
31(2) . 338—342.
KL, SREL, EE. & W LT E La 8% g-FeSiy 1 LT
LER R 25 0 5 — R R (T R T 50 T AR,
2014, 31(2). 338—342.

9 Yan Wanjun, Zhou Shiyun, Xie Quan, e al.. Effect of Al doping
concentration on electronic and optical properties of CrSiy [ ]J].
Acta Optica Sinica, 2012, 32(5): 0516003.

ET. R W SR, S AL EEX CrSiy #LF451 X
e B L] 2Rk, 2012, 32(5): 0516003,

10 Yan Wanjun, Zhang Chunhong, Gui Fang., e al.. Electronic

(=)

structure and optical properties of stressed B-FeSi, [J]. Acta
Optica Sinica, 2013, 33(7): 0716001.

EA . SKRAELL, FE O AF BTG B-FeSiy HL T 45 TG
L] SBEeEdR, 2013, 33(7): 0716001,

11 Yan Wanjun, Zhang Zhongzheng, Guo Xiaotian, et al.. First
principle calculation on the photoelectric properties of V-Al co-
doped CrSi»[J]. Acta Optica Sinica, 2014, 34(4): 0416002.
ETH. KB, SRR, SF - R AT V-AL 3B e
CrSiy WEH AT ], Sh22E4ik, 2014, 34(4): 0416002,

12 Y Dusausoy, J Protas, R Wandji, et al.. Structure crystalline du
disiliciure de fer, FeSi;[J]. Acta Crystallogr Sec B, 1971, 27
(6): 1209—1218.

13 M D Segall, J] D Lindan Philip, M J Probert, e al.. First-
principles simulation; ideas, illustrations and the CASTEP code
[J]. J Phys: Condens Matter, 2002, 14(11); 2717 —2744.

14 David Vanderbilt. Soft self-consistent pseudopotentials in a
generalized eigenvalue formalism [ J]. Phys Rev B, 1990, 41
(11). 7892—7895.

15] P Perdew, K Burke, M Ernzerhof. Generalized gradient
approximation made simple [J]. Phys Rev Lett, 1996, 77(18):
3865—3868.

16 H J Monkhorst, J D Pack. Special points for Brillouin-zone
integrations [J]. Phys Rev B, 1976, 13(12); 5188—5192.

17 T H Fischer, J Almlof. General methods for geometry and wave-
function optimization [J]. J Phys Chem. 1992, 96(24). 9768 —
9774.

18 Shen Xuechu. Semiconductor Spectra and Optical Properties
[M]. Beijing: Science Press (The Second Edition), 1992. 76—
94.

WAL, B SO RO M. dbat . BhaF Mok B8 =
B>, 1992, 76—94.

19 Fang Rongchuan. Solid-States Spectroscopy [ M]. Hefei: China
Science and Technology Press, 2001. 71—75.

HEHEN. BEEEREEIM] G0 o E B2 E AR W AL, 2001,
71—75.

20 A B Filonov, D B Migas, V L Shaposhnikov, et al.. Theoretical
and experimental study of interband optical transitions in
semiconducting iron disilicide [J]. J Appl Phys, 1998, 83(8):
4410.

EERE: % 4

1116002-6



