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Fig. 1. S, Se, Te single-doping model.
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Table 1.  Lattice constants and bond lengths of the re-
laxed structures: Primitive Si, Si supercell, and S, Se, Te

monodoped Si.

Compound Lattice Bond length/A
constant/A Si—X Si—Si
Si 5.46 — 2.367
Si(2x2x2) 10.924 — 2.367
Sig3S 10.928 2.463 2.365
SigzSe 10.946 2.558 2.368
Sig3Te 10.959 2.675 2.369

SER R S5 AR, S B4 M M Y A AL
TE 3 P B 2R R /N, AT K T AE i DL S ek
B 2x2x 2 # AL T Te B 241 2 1) Tk B
K. WS EBRE TR TR S MRET
KN (1 A), Te IRF LR K (1.36 A),
Se W JE 2B AR N fE b (115 A). T Si—X ByEEK
Fo TR — S Si—Si Ay 8K B K, L E A R
Si—Si iy K B K, H Si—Te 4 b Si—Se 8 Al
Si—S AR K, & F S*7, Se*” Fl Te?™ 12
o5k 1.84 A, 1.98 AF1 2.21 A¥ KT Si 595
T 1L

3.2 FMTREMHIIE

AR I RS P LB A5 SIS B o FH 174 G e
e ZE. HIRH S, Se, Te BIRESHITE TAEIR
FETF BIRRE M, AT 5080 1 AU B 1
300 K, EAEBCH 5000 4, BHEERK K 1 fs, #
Wi g 15 BN 330 eV, YSRGS 1074 eV. S, Se,
Te B4 Z 5 MBI R WE 2 B, ol LIA
TE 300 K F, M 1.25—5 ps A% AN i Ja] 38 1k 2o 78
o, BB R YR R AT B E S, U
GV B RSN, A AR AR S5 H 75 DU AR
Froedk, eI T =AU A e .

BRI e ALt i 3 Fios. ATl k
P RE R B SITE 5 eV BRI, B TRERE, K
IR IR B RE R AR Ak, B4R 25 P 3 60 B A
FERUIN, RN T B 4S5 M R RS 1 20,

3.3 FHiRFHEIEEHE
331 AHA=E

BN BT AT (<<0.5my, mg & H
L) AR T B T B , 0 A A g

120804-3


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

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 12 (2026) 120804

[ 2 S (a), Se (b), Te (c) BITEH 1.25, 2.50, 3.75, 5.00 ps I} BIZEHARZS
Fig. 2. (a), (b), (c) Structural states of the systems doped with S, Se, and Te at the time points of 1.25, 2.50, 3.75, and 5.00 ps.
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Fig. 3. (a) AIMD of S-doped Si; (b) AIMD of Se-doped Si; (¢) AIMD of Te-doped Si.
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Table 2.  Electron effective mass in different dop-

ing systems.

Sig3S Sig3Se Sig3Te

mh, 1.604 mg 1.555 mo 1.075 mo
my, 1.604 mg 1.555 mg 1.075 mo
m}, 1.604 mg 1.555 mo 1.075 mo
i 1.604mg 1.555mg 1.075mg
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Table 3. Deformation potentials in different direc-

tions under various doping systems.
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Fig. 4. Deformation potential of chalcogen-doped systems.
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Fig. 5. Energy band structure of chalcogenide doped silicon along the uniaxial strain direction, in which the curved imaginary line

represents the impurity level, and the horizontal imaginary line represents the Fermi level the strain range is —2% to 2%.
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Table 4.  Electron mobility of the three doping models.
EBHE/(cm?V s ) SigsS SigsSe SigsTe

Iz 74.8 79.2 160.0
Ky 135.3 176.0 162.4
Kz 163.9 193.2 163.6
Havg 124.7 149.5 162.0
300
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~ 950 7, Se-doped
T MW Te-doped ~
® o
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Eé 2 g % g
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o
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Kl 6 S, Se, Te 72U ANIF] Jr ) 1) o, FiE B
Fig. 6. Electron mobility along different crystallographic
directions in S-/Se-/Te-doped silicon.
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Abstract

Silicon-based materials serve as the core platform for the semiconductor industry, and elemental doping
modification is a research hotspot for enhancing their carrier transport properties. In this study, the modulation
mechanism of carrier mobility in three-dimensional silicon-based semiconductors doped with chalcogen elements
(S, Se, Te) is systematically investigated by combining first-principles calculations with deformation potential
theory, aiming to clarify the intrinsic correlation between dopant species and material transport performance. A
substitutional doping model with a concentration of 1.56% is constructed. The structures are thoroughly
optimized using density functional theory-based first-principles calculations, and the crystal structure and
thermodynamic stability of each doped system at 300 K are verified. Within the framework of deformation
potential theory, the evolution of the band structure under different strain conditions and along different
crystallographic directions is analyzed, from which the electron effective mass, deformation potential constant,
and elastic modulus are extracted. The electron mobility is then calculated using the Boltzmann transport
equation and the relaxation time approximation. The results show that the S, Se, and Te substituted doping
structures all exhibit good crystal structure and thermodynamic stability, forming stable doping configurations.
The band structures of the doped systems show similar evolution trends along different crystallographic
directions under four strain conditions, yet exhibit significant differences in deformation potential and effective
mass in response to different dopant species. Among them, the Te-doped system shows the most stable
deformation potential constant, consistently within the narrow range of 5.4-5.5 eV, along with the smallest
effective mass. This results in an average electron mobility of 162.0 cm?/(V-s), which is significantly higher than
those of the Se-doped (149.5 cm?/(V-s)) and S-doped (124.7 cm?/(V-s)) systems. The electron mobility exhibits
a clear increasing trend with increasing atomic number of the chalcogen dopant, revealing the modulation
behavior of chalcogen doping on the electron transport properties of silicon materials. This study provides
theoretical guidance for the doping modification of silicon-based materials and the development of high-

performance microelectronic devices.
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