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static dielectric constant, the first peak of ¢, (w) and refractive index mn, increase, the average reflective effect
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decreases, the light absorption of CrSi, effectively enhances. and then improves the photoelectric conversion
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efficiency after doping Al. These results offer theoretical guide for design and application of optoelectronic material of

optical materials; CrSi, ; electronic structure; optical properties; doping; first principle
1 4 R R CTMS) |, BRH7E KRR 4R Bl v 5
YR B 2011-10-12; Y EIME A HHER: 2011-12-05

7 HBA (2011)4002) %% Bl 551
EE®AN

HRER) 32 IO T 5 S A S 2 2 A R R %, X T

B SIREER U & B eEfL Y AT T T ) 2
EEME: ERAARREILS(60766002) B E Pr G 1E E 55 H (2008DFA52210) | 5 M 48 B2 T B SR B2 3L 4 (8
SmfE /i
GHEAFEER IO

Frr 17 [2010]2001) (5t M 48 RHELBOCTT H G RHE GY 7 (2011) 3015) F1 5 JH 4 BHECAI B A A P AR Be % T %% 4 (B R A

EIHA978 ) Lo MBS BIE  1 Z S I REA BT AT SE . E-mail: yanwanjun7817@163. com
0516003-1

SR 1964 I B WA S0, EEAF T I REA B T R BES . E-mail: qxie@gzu. edu. cn

RIERE CrSiy HLT-&f R B Je 22 TR i i) 55 i)
ﬂ%d‘l‘ljt%"“-iﬂ*%-I&%%ﬁﬂi‘ﬁ%?ﬂﬂﬁ&*ﬁ%?ﬁﬁﬁ» SN B 550025

e

S5 K TS E AL AR R
BUEAT Tt R A . U a5 M A0 T 45 M Y TH SR W] AL B R A5 CrSi, BB 8 10 K. c BIEA K,

R AR BRI TR 5 Cr (St AL, A5 AR 18] Healy B 2 G4 18 2 45 B K T 1) 4415 B 2l HLBE A 45 A% ik i 38 R 7 58 4%
A PORRE RN I A TS E 8l Cr /9 3d i Fovk. Se st Btk 5 R, BB 5 4 iy 19 oK
N .

Cr(Sii— AL B A BT RS — A g T 3 ng SBT3 O - 2 S S 0O m 55 . R B AL BB A A i 1
CrSiy Xt BRI BEAS £ i HO L e 4 . THBSE R Dy CoSiy Sl M0RL i BT A BEIHR Bt T BIE 95 & .

: 10.3788/A0S201232.0516003
Effect of Al Doping Concentration on Electronic and

Abstract By using pseudo-potential plane-wave method of the first principle based on the density function theory,

geometrical structure, electronic structure and optical properties of Al-doped CrSi, are calculated and analyzed. The
calculated results on geometrical structure and electronic structure show that the lattice constant @ and b increase

while ¢ has little change, the volume of lattice expands, the band structure is still indirect and the Fermi energy

moves into the valence band deeper and deeper with Al increase from 0 to 0.3333, the density of electronic states

near the Fermi energy level is mainly composed of Cr-3d. Optical properties calculation indicates that after doping Al,
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Fig. 1 Supercell (2X1X 1) of CrSi, doped with Al
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Table 1 Lattice constants of undoped CrSi, and Cr(Si,—, Al,), (x=0,0.0833,0.1667,0. 25,0. 3333)

Sample a /nm b /nm ¢ /nm V /nm®

Undoped CrSi; (experimental) 0. 8856 0.4428 0.6368 0.2163
Undoped CrSi; (calculated) 0. 8853 0. 4427 0.6385 0.2167
Cr(Si;—, AlL), (x=0.0833) 0.8917 0.4455 0.6374 0.2196
Cr(Si; . Al ), (x=0.1667) 0. 8982 0. 4485 0. 6364 0.2226
Cr(Si;—, AL), (x=0.2500) 0.9027 0.4518 0.6376 0. 2257
Cr(Si;—, Al ), (x=0.3333) 0.9072 0.4552 0.6390 0.2289
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Fig. 2 Density of energy states of CrSi, and partial density of states of sublevel electrons in Si, Cr

B3 M 1~4 4 Al JEF &4 St G irfs
N Cr(Sh AL, IWRESE ., BT LIE
Al 4 CrSi, 4 SUIEFJE . T Al F1 Si i
TR AN HEAT B AR L X CrSiy (9 H 7 285 5%
SO A SR AR Aty TR 7 SIS 2 2l Cr-d Sk
ELSALI s ZRFMp ZRTFAHYS SiH s 2T
p BHFIRA L FEAM L Cr(Si -, AL, IRES %

JE. GBI, Cr-d 255 3 S 09 o 5 A
ST 18 1w g BB 7 1] % Bl A THURN Sl IS L B =2 1m)
ERET M B E 2<C0. 1667 I, M T TS I
AR, DR A B AL N B H T AE 2> 0. 1667
18 e [T A - S A o oS o N
FEE

0516003-3



ot 2 E i

0 — /M 0.381 VL H I CrSi, EM# I L A5 S
0l AT / W M g5 2B I I O I e R B
Sivs & Al-s /A E,=0.381 eV, H5CART36. 57 A48 5 J ik

- 215 [38.39 IS5 AE G 2 &
2 TR Cr(Si L AL, 1 REHS S5 LT 4(h) ~
8 e \A ()]s AT, 4B A ALJE - CrSiy 9 A 45 K th 1
2 e Db A AT 6 2 oL T R £ 1
£ 10 jv& SR SR TR A0 A4 13 S 2 22 PRI
N I S e AR\ T 1 vl B2 A R0 BT R TR BN KL AL B SR ELTK
<“> T 16 TR A LB AL S5 B 0 L K 1 R
10 \A ML A TR B O T Y B AT % i
I = A = REASL. 75 ALOIB 78 B WY K 3 A L Cr(Si
B ° ALY, B8R p 5K S b 4 i SOOR Hh f 50 0 B0 22

K 3 Cr(Sii—,Al), MREASE K
Fig. 3 Density of energy states of Cr(Si,—,Al,),
3.2.2 #EWEM
A SN (1 PSP R R SR A B £ 7R 24 A
DRI e X PR & 7 3545 2 89 CrSi, Ml Cr
(Sii-. AL, WIREH 45, KB CrSi, 1Y REH
FEAN WL i 45 3 5 KABO eV I 7E 517 19 M S

WO T, XEH T AW E T HEA N
1s°2s'p’3sp' , St W AL FHEAT A 1s°25°p’ 3s°p” s
AL E Si DT — A HL 1, 2 oK T AL AR 1% B o
Pa o Re s  BUZE AR B T A5 . S ECSOK T R R A% .
B KT ) i B 2 Bl A 2 K T AL 1Y RE Y 25 K L 3R T
0 A7 300 4 DL R vk B L TR L B 2 R 0 s ) Cre
(S, AL, WG HAL R RE A 2T B

2 2
= Ny R N\ — ~
SN PN AN
B undoped =17 Al doped § 2Al doped N
B U= O i - 0t y\w """ AT A & """""" s
NS Sl
-1 g //\/3% \/ N -1 ﬁg;%%&; E %QJ l%
> Rﬂ AV Y\ B LN\ = g%%
G A H K G M LH G A H G M LH G A H K G M LH
@ ) (©
D= N\ LN
BAl doped =~ | A— 4Al doped |
P = ~3 Y = =
= e
=== E=——=

o)
>
o
=
o)
=
e
o

(@

B 4 CrSi, #1 Cr(Sii—, AL, 7E % K T BT (4 fE 5 45 44
Fig. 4 Energy-band structure of CrSi, and Cr(Si,—,Al,), near the Fermi surface

% 2 0 Cr(Si,—, AL, By T (VBM) F1 577
JIC (CBMD 7 & % FR S W R AE RE /R E . N 3R 2 W] LU R
L, Cr(St - AL, W7 BRE M KRB RY 0. 381 eV

SEk/NE] Cr(Sig sz Al g )2 1 0. 221 eV, SR 5 L&
(ﬁij(@J@J Cr(Sio.ewAlo.sas)z E"J 0.282 eV,

0516003-4



=TI A

AL B IR EXT CrSiy HL 7451 J "2 PR T ) %

M

# 2 Cr(Si-, AL, FERXFR K (i M 0 VBM F2H I CBM 1 REAE RE & (4 Sl BRAE
Table 2 Energy eigenvalues of VBM and CBM for Cr(Si;—, Al,), at high symmetric K point and band gap value

G A H K M L E./eV
. VBM /eV  —0.3669 —0.0012 —0. 1498 —0.5118 —0. 3658 0.0

CrSi, 0. 381

CBM /eV 0.3813 0.5342 0. 5806 0.6242 0.3812 0.5341

. VBM /eV  —0.1257 0.2200 0.0941 —0. 2400 —0.0928 0.2778
Cr(Si,—.Al.), x=0.0833 0.302

CBM /eV 0.6168 0.7465 0.776 0.8035 0.5798 0.7136

) VBM /eV ~ —0.0500 0.2869 0.1796 —0.1524 0.0177 0.3872
Cr(Sij—.Al), x=0.1667 0.221

CBM /eV 0.7148 0.8108 0. 8370 0.8131 0. 6084 0.7532

. VBM /eV 0.0623 0.4163 0.2682 —0.0267 0.1301 0.4488
Cr(Si,—,Al,), x=0. 2500 0.258

CBM /eV 0. 8615 0.9135 0.9256 0. 8709 0.7063 0. 8315

. VBM /eV 0.1186 0.4817 0.3190 0. 0449 0.1990 0.4717
Cr(Si;—,Al,); x=0.3333 0.282

CBM /eV 0.9728 0.9658 1.0015 0.8972 0.7636 0.9328
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