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Fig. 1. Models of n-Si (a) and p-Si (b) and their impurity

compensated counterparts (c), (d).
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Fig. 2. Density of states (DOS) of n-Sic based on different co-doping concentration ratios.
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Fig. 3. DOS of p-Sic based on different co-doping concentration ratios.
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Fig. 4. Effect of B/P doping on the dielectric function of silicon.
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Fig. 5. Dielectric functions of impurity compensated Si based on different co-doping concentration ratios.
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Fig. 6. Effects of B/P doping on the refractive index and extinction coefficient of Si.
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Fig. 7. Effects of B/P doping on the reflectivity of Si.
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First-principles study of effect of impurity
compensation on optical properties of Si*
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Abstract

Presently, impurity-compensated silicon (Si) has no clear potential applications due to high resistance and
few carriers. Thus, it has received little attention from researchers. In this study, we find that impurity
compensation can make localized state energy levels form in Si bandgap, which can improve the light absorption
of Si in the near infrared region. In this work, in order to comprehensively and deeply understand the
photoelectric properties of impurity-compensated Si, the localized state energy levels composed of P™/B" ions
are constructed in Si bandgap through the co-doping of phosphorus (P) and boron (B), thereby forming
impurity-compensated Si. The first-principles based on a density functional theory framework is used to study
the photoelectric properties of the impurity-compensated Si (n/p-Sic) such as the density of states (DOS),
dielectric function and refractive index. The DOS study reveals the following results: after the n- and p-Si with
the same concentration of P and B (12.5%) are fully compensated for by impurities, the Fermi energy levels of
their compensated counterparts are at the valley bottom formed by the two adjacent DOS peaks, and the DOS
is not zero at the valley bottom. In the study of dielectric function and refractive index, it is found that when
the doping ratio is Cgr/Cpy = 0.25, n-Sic has the largest dielectric function and refractive index in the low
energy region. In addition, comparing intrinsic Si with its doped counterparts in the real part (Re) of their
dielectric constant, the following regularity is found: in the high energy region of F > 4 eV, the Re values of the
intrinsic Si, n/p-Si and p-Sic are negative. In the low energy region of 0.64 eV< F < 1.50 eV, the Re value of n-
Sic is negative for the doping ratio of Cz/Cpy = 0.25. The above comparison indicates that the n-Sic with
Cs/ Cpy = 0.25 can achieve good metallicity in the low energy region, indicating that the electrons in valence
band are easily excited by low-energy long-wavelength light. Theoretical studies show that the good
photoelectric properties of n-Sic with Cg/Cpy = 0.25 may be related to Si dangling bonds and localized state
energy levels in Si bandgap. The Si dangling bonds are caused by the impurity compensation of B dopant for n-
Si, leading part of Si-Si bonds to change into Si-B bonds. This study provides theoretical guidance for the
application of impurity-compensated Si in the field of photodetectors such as CMOS image sensors and infrared

photodetectors.
Keywords: first-principles, density of states, impurity compensation, optical properties

PACS: 63.20.dk, 61.72.uf, 71.20.—b, 74.25.Gz DOI: 10.7498 /aps.73.20231814

* Project supported by the National Natural Science Foundation of China (Grant No. 62174118).

1 Corresponding author. E-mail: wxy@tju.edu.cn

116301-10


http://doi.org/10.7498/aps.73.20231814
mailto:wxy@tju.edu.cn
mailto:wxy@tju.edu.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T E— IR I A AMEN D r R R
IFF EHE E@RH RESHE LHE

First—principles study of effect of impurity compensation on optical properties of Si

Wang Xiu-Yu Wang Tao  Cui Yu-Ang  Wu Xi-Guang-Run  Wang Yang

5] Fi{5 B Citation: Acta Physica Sinica, 73, 116301 (2024) DOI: 10.7498/aps.73.20231814
TEZE RT3 View online: https:/doi.org/10.7498/aps.73.20231814
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

CdS/CAMnTe A BHBE H -5 5 245 A1 -5 6 o P RE AR 2 — 1k SR B

First—principles study of e interface interaction and photoelectric properties of the solar cell heterojunction CdS/CdMnTe

PIFEAEA. 2021, 70(16): 166302 https://doi.org/10.7498/aps.70.20210268

P R Tl L2 A S A R N S — M BRI S

First—principles study of electronic structure and optical properties of monolayer defective tellurene

WIFREH. 2021, 70(16): 166301  https://doi.org/10.7498/aps.70.20210271

lo.33 WO FL TSR AR BN 5% i R 55—k IS 5

First—principles investigation on electronic structure and solar radiation shielding performance of Tl ;WO

PrPReEd. 2020, 69(4): 047102 https://doi.org/10.7498/aps.69.20191577

SR ol L Ay s M o TG o o A 9 2 P B — Pk B BRI 7

First—principles study of strain—tunable charge carrier transport properties and optical properties of Crl; monolayer

PrPieEdR. 2022, 71(20): 207102 https:/doi.org/10.7498/aps.71.20221019

SRS (Ga, Mo)Shith G A1 BT i i B 5T
First—principles study of strain effect on magnetic and optical properties in (Ga, Mo)Sh
YIBR2EA. 2022, 71(9): 096103 hitps://doi.org/10.7498/aps.71.20212316

HLIA GaN/g—CN 7t [ 4% HL T S DGk o i 1) 25 — P R B 5
First—principles study of influence of electric field on electronic structure and optical properties of GaN/g—C;N , heterojunction

YIBR2EA. 2022, 71(9): 097301  hitps://doi.org/10.7498/aps.71.20212261


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231814
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210268
https://doi.org/10.7498/aps.70.20210271
https://doi.org/10.7498/aps.69.20191577
https://doi.org/10.7498/aps.71.20221019
https://doi.org/10.7498/aps.71.20212316
https://doi.org/10.7498/aps.71.20212261

	1 引　言
	2 模型建立与计算方法
	2.1 理论模型

	3 结果与讨论
	3.1 杂质补偿硅的电子态密度
	3.1.1 基于杂质补偿B对n-Si电子态密度的影响
	3.1.2 基于杂质补偿P对p-Si电子态密度的影响

	3.2 光学性质
	3.2.1 介电函数分析
	3.2.2 复折射率分析
	3.2.3 反射率分析


	4 结　论
	参考文献

