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Abstract

Si0; has excellent properties such as simple preparation, adjustable particle size, optical transpa-
rency and chemical stability. As a kind of modified photoelectric material, SiO; has attracted more
and more attention for its excellent performance. It has broad prospects in the fields of photoe-
lectric sensors, optical information processing and storage devices, optical communication and
laser Raman crystals. In this paper, a-SiO; crystals and B-SiO; crystals are constructed by the
CASTEP module of the first-principles calculation simulation software Material Studio, and geo-
metric optimization is carried out to make them stable. The influence of pressure on lattice con-
stant is analyzed, and the optical properties of the two crystals are analyzed under the incident
laser light of 514.5 nm laser. The results show that the light reflection, refraction and small light
coefficient of a-Si0O; crystals and f-SiO; crystals are equivalent, but the Raman scattering ability of
a-Si0; crystals is very different. The Raman frequency shift of a-SiO; crystals is mainly concen-
trated in the range of 200 cm-1. The Raman frequency shift of -SiO. crystals is mainly concen-
trated in the range of 1000 cm-1~1300 cm-1, and with the increase of pressure, the Raman line
frequency shift of both crystals increases. The research in this paper broadens the application of
Si0; crystals in optical components, provides more selectivity for Raman crystals, and provides
more theoretical support for experiments.
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Figure 1. Crystal of SiO,; (a) a-SiOy; (b) S-SiO,
[ 1. SiO, MIFLEH; () a-SiOy; (b) 5-SiO,

ANSGIEN 5145 nm B0%, XS T Rk, I TS R RS BUE B A IS I A R R B
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e, DRI, B A oR IR B BN GGA-PWOL, S USSR, e AT 6E A 750 eV Kk AR IEHCH
4x3x3, HEEEISUEEN 1.0 x 10° eV/atom, JR A BISbRHEN 0.001 A, FART BRI
/T 0.03 eVinm, AR SR FE 9 0.005 GPa.
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Figure 2. The lattice parameters of SiO, crystal; (a) a-SiO,; (b) f-SiO,
2. Si0, mIFHIMIESHE; (a) a-SiOy; (b) B-SiO;
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Figure 3. The reflectivity of SiO, crystal
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Figure 4. Refractive index and extinction coefficient of SiO, crystal; (a) Refractive index; (b) Extinction coefficient
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Figure 5. Raman spectrum of SiO, crystal; (a) 673 K under different pressures of a-SiO,; (b) 1273 K under different pres-
sures of g-SiO,
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PRI R RSN 5 BTN . SiO, a1 I 17 U (E X BRI, AHERAE 200 em™ 70 A7 (4T B4R
JR 7 Si-Si 7 A FI X FRAH 4R E0[16], 300 cm *~600 cm ™t (I} N Si-O Z5 #iPRzh, 600 cm *~800 cm!
[N B Si-O-Si SRR ZEHRE), 1000 cm '~1200 cm ™t (IR 5 Si-O X FRIH4EIRBN[11]. H W] %0, 78
HRE A 400°C (673 K)E 774 0 GPa i, a-SiO, df A Bk il = ANhi B0, flgfi T 110 om ™ 4k, B
AT, A Kb B0 oy B A, HBRFEIRTS . a-SiO, st & iS4 H7E 0 cm™~200 cm ™ ik
SR, AR THY Si-Si 7 I AR 4IRS . o-SiO, dh A E 1000 cm'~1200 cm ™ SR Abid AT
Aggi%, 1 Si-O AEXFFRFZEIRBNIEME. M 0 GPa # 1.5 GPa fUJE IR, msiAbhr S e il i 25 & 774 in i)
ks BN . 1273 K ANFEE SR p-Si0, S A $ B ik 52 & AF T a-SiO, dh ik IFL Sk, Fi2 ik 3 %
E 1000 cm *~1200 cm MG, ERARRIEE N A AN, SEgHBLE 1200 cm AL, $6 Si-O JEXRR
PRI . 76 300 cm ' AT 800 cm AL AEAE AN EIE, 4l Si-O & i HRBN A Si-O-Si Xt R4 ik h
PR, B-SiO, FhARTE FATR I LR 58 B KT a-SiO, iR 14 2 6il, UiBH B-Si0, RSB REZ Tt -

5. &g

B, AN MEEFAE T a-Sio, M B-SiO, SRR, 5Tk S0t SR B,
FLAMHT T PR SR A G2 B, R IR o-SiO, Sl AT B-SiO, di A R S S 28 . 417 56 28 K 38 O BB e A S A
FRaFAAHIT, 0P E AN IR AT RAFIO R Hriid SRt GE . (H a-SiO, il B-SiO, dh A 1 2
TELEANF I 7R 52 S5 MR R B A W i, 0-SiOy b PR TE AR AT 5 Bl P4 oz 2 i g vy, W2 3 B R AR
T Si-Si J5 IR GRS, p-Si0, ik fr SIS E E R VE R Z K, B Si-O AEXFRh 4R 5h
P, AN G RN ST PR T R S A
EEWH

AR SC AR 5% B0 BH T Y K 2 78 A 252 D08 T H (YISIG320210102) I FH T 95 K 2% #  e  33i H
(JG2021-YB063). # A i =2 A /E & AT H (220502116230206, 220606517061317) ) 3 #F

SE K

[1] Kbnall, J., Engholm, M., Boilard, T., Bernier, M., Vigneron, P.B., Yu, N. and Digonnet, M.J.F. (2021) Radiation-Ba-
lanced Silica Fiber Laser. Optica, 8, 830-833. https://doi.org/10.1364/OPTICA.425115

DOI: 10.12677/app.2023.135028 247 S A B


https://doi.org/10.12677/app.2023.135028
https://doi.org/10.1364/OPTICA.425115

[2]
(3]
[4]

[5]
(6]

[7]
(8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]

Chen, X., Feng, W., Zhang, G. and Gao, Y. (2019) Raman Spectra of Quartz and Pb*"-Doped SiO, Crystals at Differ-
ent Temperature and Pressure. Crystals, 9, Article No. 569. https://doi.org/10.3390/cryst9110569

Knall, J.M. and Digonnet, M.J. (2021) Design of High-Power Radiation-Balanced Silica Fiber Lasers with a Doped
Core and Cladding. Journal of Lightwave Technology, 39, 2497-2504. https://doi.org/10.1109/JLT.2021.3053466

Sun, S., Jia, B., Hu, H., Han, L., Liu, G., Gao, C. and Lu, P. (2019) Geometric and Optical Properties of Cluster Model
of Yb-Doped Silica Optical Fiber. Journal of Cluster Science, 30, 1205-1210.
https://doi.org/10.1007/s10876-019-01603-x

Trukhin, A.N., Antuzevics, A., Golant, K. and Griscom, D.L. (2017) Luminescence of Phosphorus Doped Silica Glass.
Journal of Non-Crystalline Solids, 462, 10-16. https://doi.org/10.1016/j.jnoncrysol.2017.02.002

Guan, X., Zhang, R., Jia, B., Chen, X., Yan, B., Peng, G.D. and Lu, P. (2019) Electronic and Optical Properties of Ge-
Doped Silica Optical Fiber. Modern Physics Letters B, 33, Article 1D: 1950150.
https://doi.org/10.1142/S0217984919501501

Sewell, H. and Mulkens, J. (2009) Materials for Optical Lithography Tool Application. Annual Review of Materials
Research, 39, 127-153. https://doi.org/10.1146/annurev-matsci-082908-145309

Bitnar, B. (2003) Silicon, Germanium and Silicon/Germanium Photocells for Thermophotovoltaics Applications. Sem-
iconductor Science and Technology, 18, S221. https://doi.org/10.1088/0268-1242/18/5/312

Baisden, P.A., Atherton, L.J., Hawley, R.A., Land, T.A., Menapace, J.A., Miller, P.E. and Wong, L.L. (2016) Large
Optics for the national Ignition Facility. Fusion Science and Technology, 69, 295-351.
https://doi.org/10.13182/FST15-143

A, TRICEL, Al SiO, ARk SIS IS AT R[], JRT 5 T 244k, 2011, 28(1): 31-35.
MEZR, 256, A, SRR A B R 2 06 5[], BIHEE T RS54k, 2000, 25(3): 77-79.

Liu, M., Lu, P.F,, Yang, Y., Wu, L.Y., Su, R. and Chen, J. (2015) Structural and Optical Properties of Point Defects in
a-Si0, Cluster. Communications in Theoretical Physics, 64, Article No. 244.
https://doi.org/10.1088/0253-6102/64/2/244

Mankad, V. and Jha, P.K. (2016) First-Principles Study of Water Adsorption on a-SiO, [110] Surface. AIP Advances, 6,
Article ID: 085001. https://doi.org/10.1063/1.4960455

FATR, D&, 9L a-SiOy pi iR HE A ) B TR [3]. A RRLE, 2019, 9(4): 355-360.

Wang, C., Guo, X., Zhang, S., Qi, Y. and Gao, S. (2023) Analysis of the Electronic Structure of -SiO, Intrinsic De-
fects Based on Density Functional Theory. Materials Today Communications, 35, Article ID: 105554.
https://doi.org/10.1016/j.mtcomm.2023.105554

SRANTT . ARG AT R G IR ST[D]: [k A A0 5], 2200 2290 K%, 2008.

DOI: 10.12677/app.2023.135028 248 S A B


https://doi.org/10.12677/app.2023.135028
https://doi.org/10.3390/cryst9110569
https://doi.org/10.1109/JLT.2021.3053466
https://doi.org/10.1007/s10876-019-01603-x
https://doi.org/10.1016/j.jnoncrysol.2017.02.002
https://doi.org/10.1142/S0217984919501501
https://doi.org/10.1146/annurev-matsci-082908-145309
https://doi.org/10.1088/0268-1242/18/5/312
https://doi.org/10.13182/FST15-143
https://doi.org/10.1088/0253-6102/64/2/244
https://doi.org/10.1063/1.4960455
https://doi.org/10.1016/j.mtcomm.2023.105554

	基于第一性原理的SiO2晶体的光学性能研究
	摘  要
	关键词
	Optical Properties of SiO2 Crystals Based on the First Principles
	Abstract
	Keywords
	1. 引言
	2. 理论基础及模型建立
	2.1. 理论基础
	2.2. 模型建立

	3. 压力对晶格常数的影响
	4. 光学性质对比分析
	5. 结论
	基金项目
	参考文献

