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Fig. 1. Schematic crystal structure of Cul.

B2 4k Cul MORRIMREE Fe B¢ TR HME  (a) &
fIE 4 Cul; (b) 6.25% Fe:Cul; (c) 12.5% Fe:Cul; (d) 25%Fe:
Cul

Fig. 2. Calculation structure of two-dimensional Cul and Fe
doping with different concentrations: (a) Intrinsic two-di-
mensional Cul; (b) 6.25% Fe:Cul; (¢) 12.5% Fe:Cul; (d) 25%
Fe:Cul.

023102-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 023102

BIBEE N 0.01 eV/AE 5.0x107 eV, 1EFHTEEA
5 b RN 5 R A R R AL o e
0.02 GPa 5 5.0x105 A,

3 RS54
3.1  JLA%H

AAE 4 Cul LA K AR Fe 844 1) — 4k
Cul 5 DL R B A Jm an e 1 Fr g, AR 1 T
PIFEH, Fe B4 4k Cul ) Cu—T #HK EEmg R
FAME 4 Cul () Co—T BEK, XAl e T8
B2k Fe R FEERT Cu R R SEHB G
Cu—T B 45 . PG RIB AR 3K, Fe—1
BB WA/, Cu—T B Je 38 AR Dl /N3G K
T 12.5% Fe B4 FE M Cu—T § KA s/ N #HE
FHEAIE 4 Cul Z549 0 1 Cu—1 B K;
85 Fe—1 g K/NT Cu—T # K, X ATRESE i T
BRE T IE PR, B Fe—T B 45 4 6 o0t
Hofth Cu—T SRR . FEAT FR 2 Il 22 Y B
FHERILM PR AP PR B RO, BTk
MR, B2 I5 0 T4k Cul 258 h Cu—T &0 A

Energy/eV

T
> 1 1 1
o , , i
N | | |
5 oA H :
o0 | | I | 1 i
b5 7 7
a | I | | | |
= i i i i i i
T | T H
I I T T
-~ -%
i I | i | 1
| | | | | |
| | | | | |
—4 T T T T T
G A H K G M L H

K3 4k Cul RARIRE Fe 18205 I e 45 €

S LOASE 4 Co—T B8 A7 J5 /1N, U I 2% 25 1 1Y)
%2 S8 Co—THERY AN MRS . B A5 1
Fe—T 8 4 J& B i KT Cu—1 88 4 J& 7] DL 745 3
Fe—T #2148, Co—T BEAg A 055 .

F 1 RMEZ4E Cul MARFIWKEE Fe 8% 4k

Cul FYRE 5 8 A

Table 1.

trinsic two-dimensional Cul and Fe-doped two-di-

Bond length and bond population of in-

mensional Cul with different concentrations.
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Fig. 3. Band structure of 2D Cul and Fe doping with different concentrations: (a) Intrinsic two-dimensional Cul; (b) 25%Fe:Cul;

(c) 12.5%Fe:Cul; (d) 6.25%Fe:Cul.
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Fig. 4. Total state density and fractional state density of intrinsic two-dimensional Cul and two-dimensional Cul structures doped
with different concentrations of Fe: (a) Intrinsic two-dimensional Cul; (b) 6.25% Fe:Cul; (c) 12.5% Fe:Cul; (d) 25%Fe:Cul.
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Fig. 5. Dielectric function of intrinsic two-dimensional Cul doped with different concentrations of Fe: (a) Real part of the dielectric

function; (b) imaginary part of the dielectric function.
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Fig. 6. Absorption and reflection coefficients of intrinsic two-dimensional Cul doped with Fe at different concentrations: (a) Absorp-

tion coefficient; (b) reflection coefficient.
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Effect of Fe doping on electronic structure and
optical properties of two-dimensional Cul”

ZHANG Zhulif ZHANG Fan WANG Kailei LI Chao WANG Jintao

(Changzhi University, Changzhi 046011, China)
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Abstract

The effects of different concentrations of Fe doping on the photoelectric properties of two-dimensional (2D)
Cul semiconductor are studied based on the first-principles calculation method. The results show that both
intrinsic 2D Cul and Fe-doped 2D Cul are direct band gap semiconductors. The total state density and partial
wave state density of 2D Cul doped with different concentrations of Fe show that the increase in the number of
energy bands at Fermi level is due to the influence of Fe-d and Fe-p orbital contributions after Fe doping,
which can improve the conductivity of 2D Cul. With the increase of Fe doping concentration, the peak value of
€, decreases gradually, and the peak value moves toward the high-energy end near the relatively high energy
3 eV and 6 eV, and the greater the concentration, the more obvious the shift is. These results indicate that Fe
doping can enhance the high temperature resistance of 2D Cul. When a small amount of Fe is doped, the &,
peak value increases, indicating that the ability of material to absorb electromagnetic waves is enhanced, which
can stimulate more conductive electrons, and with the increase of Fe doping concentration, the absorption
capability decreases, so the conductivity of 2D Cul is inhibited. The absorption coefficient of intrinsic 2D Cul
and Fe-doped 2D Cul indicate that the semiconductor has strong ability to absorb photons in the ultraviolet
region. The 2D Cul reflection coefficient of doped Fe atoms increases gradually with the increase of metallic
properties of doped elements. This study provides theoretical reference for applying the 2D semiconductor
materials and 2D Cul to optoelectronic devices. All the data presented in this paper are openly available at
https://doi.org/10.57760/sciencedb.j00213.00060.

Keywords: two-dimensional Cul, Fe doping, first principles calculation, photoelectric property
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