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CALCULATION OF ELECTRONIC PROPERTY CHANGES IN Zn-DOPED ¢-SiO; USING
DENSITY FUNCTIONAL THEORY

Annotation. In this study the Vienna Ab-initio Simulation Package (VASP 6. 5) with the Heyd—
Scuseria—Ernzerhof 2006 (HSEOG6) hybrid functional was used fo calculate the variation in the electronic
density of states and band gap of o-SiO: upon Zn doping using density functional theory (DFT). For
undoped silicon dioxide calculations showed a band gap of 9. 06 eV. The band gap dropped to 0. 839 eV
when Znwas added at a concentration of 8. 33 percent in relation fo silicon atoms. According to an analysis
of the electronic density of states the hybridization between the O p-valence orbitals and the Zn d-valence
orbitals was responsible for this band gap narrowing. This led to a shifi in the valence band and the
formation of new electronic states within the forbidden gap. According to the obtained results Zn
incorporation into a-Si0: increases the materials sensitivity to light in the infrared spectrum and induces
semiconductor-like characteristics in terms of band gap energy. The theoretical basis for the possible use
of Zn-doped SiO: in semiconductor materials sensors photocatalysts and optoelectronic device
technologies is provided by these findings.

Key words:VASP, HSEOG6, Silicon dioxide, PBE, TDOS, PDOS

ZICHLIK FUNKSIONAL NAZARIYASI ASOSIDA Zn KIRITILGAN ¢ -SiO: NING
ELEKTRON XOSSASIDAGI O‘ZGARISHLARNI HISOBLASH

Annotatsiya. Ushbu tadgiqotda zichlik funksional nazariyasi (DFT) asosida rux (Zn) kiritilgan a-
Si0: materialining elektron holatlar zichligi va taqiglangan zona kengligidagi o ‘zgarishlarni hisoblash
uchun Heyd—Scuseria—Ernzerhof 2006 (HSE06) gibrid funksionali bilan Vienna Ab-initio Simulation Pac-
kage (VASP 6.5) dasturidan foydalanildi. Doplanmagan kremniy dioksid uchun hisoblashlar natijasida ta-
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giqlangan zona kengligi 9.06 eVga teng ekani aniglandi. Zn atomi kremniy atomlariga nisbatan 8.33 %
konsentratsiyada kiritilganda, taqiglangan zona kengligi 0.839 eVgacha kamaydi. Elektron holatlar zichli-
gi tahliliga ko ‘ra, kislorodning p-valent orbitallari bilan ruxning d-valent orbitallari orasidagi gibridlanish
ushbu zona torayishiga sabab bo ‘Igan. Natijada valent zona siljishi va tagiqlangan zonada yangi elektron
holatlarning hosil bo ‘lishi kuzatildi. Olingan natijalarga ko ‘ra, Zn ning a-SiO: tarkibiga kiritilishi materi-
alning infraqizil spektrda yorug ‘likka sezgirligini oshiradi hamda tagiqlangan zona energiyasi nugtai na-
zaridan yarimo ‘thazgichga xos xususiyatlarni yuzaga keltiradi. Ushbu natijalar Zn bilan doplangan SiO-
ning yarimo ‘tkazgich materiallar, sensorlar, fotokatalizatorlar va optoelektron qurilmalarda qo ‘llanilishi
uchun nazariy asos bo ‘lib xizmat qiladi.

Kalit so‘zlar: VASP, HSEO06, kremniy dioksid, PBE, TDOS, PDOS.

PACUET U3BMEHEHUWIA DJIEKTPOHHBIX CBOICTB A-SIO: IETUPOBAHHOI'O

IINUHKOM ZN HA OCHOBE TEOPUHU ®YHKLHNOHAJIA IIJIOTHOCTH

Annomauus. B dannoii padbome ¢ ucnonws3oeanuem meopuu QyHxyuonana niomuocmu (DEFT) bvinu
6bIN0JHEeHbl PACYEMbL USMEHEHUS ITeKIMPOHHOT NIOMHOCINU COCOAHUI U WIUPDUHbBL 3aNPEUEHHOT 30HbL O-
SiO: npu neeupoeanuu yunxom (Zn) ¢ npumenenuem naxema Vienna Ab-initio Simulation Package (VASP
6.5) u eubpuonozco @yuryuonanra Heyd—Scuseria—Ernzerhof 2006 (HSE06). J[ia HerecuposanHnozo
OUOKCUOA KPEMHUSL PACYEMbL NOKA3ANY WUPUHY 3anpetyéuHotl 3oubl 9.06 eV, Ilpu dobasnenuu Zn 8 KOH-
yenmpayuu 8.33 % no OMHOWEHUIO K AMOMAM KPEMHUS WUPUHA 3aNPetGHHOT 30HbI YMEHbULUIACH 00
0.839 eV. Ananus snexmpoHHOl NIOMHOCMU COCMOAHUI NOKA3AI, YMO 2UBPUOUSAYUL MEHCOY D-BALeHI-
HbLMU OPOUMATAMIY KUCTOPOOQ U d-8aie HMHBIMU OPOUMATAMU YUHKA 8T MCSL NPUYUHOT CYHCEHIUS 3anpe-
WEHHOT 30HbL. DMO NPUEOOUM K CMEUeHUIO ATeHMHON 30HbL U (OPMUPOSAHUIO HOBBIX ITIEKMPOHHBIX
cocmosanuil eHympu 3anpewénnoi 3ouvt. Co2NACHO NOIYHEHHBIM pe3yTbmaman, eHeopenue Zn 6 a-Si0:
NOGbIUIAeM YYECTNEUMETBHOCHIL MAMEPUATA K C8eMY 8 UHPAKPACHOT 00AACHIL CNeKMPA 1 NPUOAE emy
HOTYNPOBOOHUKOGBIE CEOTICIBA ¢ MOYKU 3PEHUs. WUPUHbL 3anpeyénnoil 3onvl. Tlonyuentvie pe3yismamol
CO30a10Mm MeoPemU4ecKyI0 OCHO8Y O/l 603MONCHO20 NpUMeHeHus Zn-tecuposannoeo Si0: 6 noaynpoeoo-
HUKOBBIX MAMEPUATAX, CEHCOPAX, (POMOKAMATUZAMOPAX 1t ONNOITEKMPOHHBIX YCPOTICNEAX.

Karouesoie cnosa: VASP, HSEO6, ouoxcuo kpemnus, PBE, TDOS, PDOS.

Introduction. Silicon dioxide (Si02) as a the primary component in silicon-based semiconductor
technology plays a crucial role in electronics and optoelectronics due to its high electrical insulating
properties, chemical stability, and wide band gap (~9.0 ¢V). However, these same properties limit the ability
to tune its electrical conductivity and optical spectrum. Doping SiO» with a variety of metals, such as
transition metals, has been the subject of numerous studies with the objective of regulating its electronic,
optical, and magnetic properties [1,2].

In recent years, there has been an increasing interest in the modification of Si02 with zinc (Zn) atoms.
Zn-doped Si0: materials have been thoroughly investigated thanks to their valuable light-emission
characteristics, photocatalytic efficacy, and vast applicability in sensors [3]. Previous theoretical analyses
have mainly considered the influence of Zn on crystalline SiO: phases, exemplified by a-quartz. DFT
calculations have been applied in prior studies to assess the electronic and optical properties of ZnSiQOs and
Zn>S10a4 [5]. Formation energy calculations show that Zn can occupy substitutional and interstitial sites in
Si02, enabling Zn incorporation and Zn—O-Si bond formation [5]. Despite progress, significant gaps
remain. Computational studies often provide limited analysis of doping effects in Si0O-, and the configu-
ration-dependent impact of Zn on its electronic band structure is largely unexplored. Data are also scarce
on Zn clustering during doping and the defect states that may result. Here, we use density functional theory
(DFT) within the Vienna Ab initio Simulation Package (VASP) to examine in detail how Zn doping
influences the electronic properties of SiQOa.

Calculation approach. The calculations were performed using the Vienna Ab initio Simulation
Package (VASP 6.5) with the Projector Augmented Wave (PAW) method parameterized by Perdew, Burke,
and Ernzerhof (PBE) within the Generalized Gradient Approximation (GGA). For band gap calculations,
the Heyd-Scuseria—Emzerhof 2006 (HSE06) hybrid functional was employed. The plane-wave cutoff
energy was set to 480 eV. For geometry optimization, a force convergence criterion of 0.02 eV/A and an
energy convergence criterion of 1 x 10~ ¢V were applied. Sampling of the Brillouin zone was carried out
using a 3 x 3 x 5 I'-centered k-point mesh for both the pristine and Zn-doped supercell configurations |7,
8, 9, 10]. Calculations for SiO: in its undoped and Zn-doped states were performed according to the above
parameters.
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