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Zn0O and BeO are attractive materials given their unique physical parameters, wide direct band gap of
3.37 eV and 10.6 eV for ZnO and BeO, respectively, and high exciton binding energy. These good parame-
ters make them suitable for various applications, ultraviolet (UV) emission and detection, surface acoustic
wave (SAW) devices, gas sensors, and transparent conducting electrodes. For these reasons, our work is fo-
cused on the investigation of the band structure and density of states of both ZnO and BeO semiconductors
using the density functional theory (DFT) with two terms of exchange and correlation, generalized gradi-
ent approximation (GGA) and local density approximation (LDA). The structural parameters are calculat-
ed, the values of the average bond length are well compared with other data. The electronic properties such
as band structures of both ZnO and BeO compounds are determined and compared with available values of

energy gap and interpreted chemically.

Keywords: Density of states (DOS), ZnO, BeO, Structural properties, Band structures.

DOT: 10.21272/jnep.14(2).02023

1. INTRODUCTION

Zinc and beryllium monoxides, ZnO and BeO, crys-
tallized in the wurtzite phase with wide band-gap sem-
iconductors with exciting characteristics such as elec-
trical, optical, and mechanical. These properties are
important and attracting for many applications in in-
dustries like electronics for the design of sensors, opti-
cal coatings, and scintillate. These materials are also
used for the production of chemiluminescent, exoelec-
tron emission, and EPR dosimeters of ionizing radia-
tion [1-3]. They attract researchers and scientists to
interpret and discuss different physical and chemical
parameters via theoretical and experimental methods
[4-8]. In particular, the properties of both ZnO and BeO
compounds were obtained experimentally using films,
ultrafine powders, various nanostructures, polycrystal-
line or ceramic samples from the moment of growing of
ZnO and BeO single crystals [9, 10].

It is necessary to know more of the characteristics of
these materials, such as electronic and optical proper-
ties, and to compare the two semiconductors to use very
well the needed parameters of each compound. So, this
present work is to compare them in terms of electronic
and optical properties using the Siesta code within the
density functional theory (DFT). The paper contains
the following sections: section 2 presents the variables
used in the calculations, section 3 shows the results
obtained and their interpretation with a comparison of
the studied compounds, finally the conclusion is given.

2. THEORETICAL METHOD OF CALCULATION

The present calculations are based on DFT [11]

* b-aminal@hotmail.fr

2077-6772/2022/14(2)02023(3)

02023-1

PACS number: 71.20. — b

within the generalized gradient gpproximation (GGA),
which is parameterized by Perdew, Burke and Ern-
zerhof (PBE) [12], and the local density approximation
(LDA) [13], which is parameterized by exchange-
correlation functions implemented in the STESTA code.
The calculation basis has a cutoff energy of 200 eV. We
first optimize the bulk wurtzite structure of ZnO and
BeO, yielding the following lattice parameters:
a=b=3284A and ¢=533A, a=b=5304A and
c=17.905 A, respectively. These lattice parameters are
in very good agreement with the experiment results. To
prevent unphysical charge transfer between the top
and bottom slab surfaces, pseudo hydrogens with frac-
tional charges are used. A 6 x 6 x 1 Monk Horst-Pack
mesh is used for the Brillouin zone integration. Our
total energy self-consistent-field (SCF) calculations
were carried out with a convergence criterion of 5 x 10~
4 eV, the optimized structures were obtained at atomic
forces less than 0.005 eV/A.

3. RESULTS AND DISCUSSION
3.1 Structural Parameters

Both compounds, ZnO and BeO, crystallize in the
most stable form, according to the hexagonal structure,
as shown in Fig. 1, with the length of the bond between
Zn, O and Be atoms, which are shown in Table 1 and
compared with the previous experimental and theoreti-
cal values. It is noticed from the results of Table 1 that
the values of the average bond length are close to the
previous theoretical results and are slightly far from the
applied results. Using GGA gives better results than
using LDA.
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Fig. 1 — (a) Structure of beryllium oxide (BeO), (b) structure of
zinc oxide (Zn0O)

Table 1- Average bond length values for BeO and ZnO, ac-
cording to GGA and LDA

Average bond length A Our work Other
works
LDA 2.021
Zn0O GGA T Loos | 1-076014]
LDA 1.431
BeO GGA T a1 1483015]

3.2 Electronic Property

The energy gap is an energy field in a solid in which
no electrons can exist and is often expressed in electron
volts (eV), and it represents the difference between the
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Fig. 2 — Energy band of ZnO in approximations: (a) GGA and
(b) LDA
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top of the valence band and the bottom of the conduc-
tion band. The energy gap property is prominent in
insulators and semiconductors, where the gap value
determines many of the optical and electrical properties
of the solid body.

The energy band structure of two compounds, ZnO
and BeO, obtained in the calculation program according
to GGA and LDA is shown in Fig. 2 and Fig. 3, respec-
tively. The energy gap values were derived from these
two figures and recorded in Table 2.

From the results obtained through Fig. 2 and Fig. 3,
which are recorded in Table 2, we can conclude that all
calculated energy gap values for zinc oxide (ZnO) and
beryllium oxide (BeO) for each of the two approxima-
tions are in the range of the previously obtained exper-
imental values, and they are very close to the values
obtained in the theoretical study [14]. They are closer
than the results of previous studies, and in this case, it
is more appropriate to know the energy gap in semi-
conductors compared to the case of using GGA.

The results also indicate that the ZnO compound is
a semiconductor compound, and it can transfer electric
current if it is affected by one of the influences such as
temperature or pressure, etc. It is also deduced from
these values that BeO is an insulating compound be-
cause it has a large energy gap.
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Fig. 3 — Energy band for BeO in approximations: (a) GGA and
(b) LDA

Table 2 — Energy gap values and their comparison with theoretical and experimental results for ZnO and BeO using GGA and

LDA
Compounds Other works [16] Our works Approximations Experimental values
7n0 0.7571 0.5983 GGA 0.15-3.5
Energy gap 0.7965 0.7266 LDA [17]
(eV) BeO 8.0470 7.1659 GGA 7-10
8.3560 8.0312 LDA [18]
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4. CONCLUSIONS

The aim of the work was to compare the structural
and electronic properties of both ZnO and BeO com-
pounds and bring them closer to the available results,
using DFT with the help of GGA and LDA. We found
that the values of the average bond length are close to
the previous theoretical results and slightly far from
the experimental results. From the band structures, it
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7Zn0O ta BeO e mpupabiuBrMu MaTepiajiaMu 3 OIVIAAY Ha iX yHIKaJIbHI (QI3WYHI TapaMeTpH, ITHPOKY
upsimy 3abopoHeHy 30HY, piBHy 3,37 eV Ta 10,6 eV mis ZnO ta BeO BigmoBinHO Ta BUCOKY e€Hepriio 3B'S3Ky
excuToHIB. Takl mapamerpu poOJsIsAThH 3a3HAYEH] MaTeplaIy IPUIATHHUME JUIS PISHUX 3aCTOCYBaHb, YJIbTPA-
dionerosoro (YO) BUIpOMIHIOBAHHA TA BUABJIEHHS, IIPUCTPOIB MOBepXHeBoi akycruunoi xsu (SAW), nat-
YMKIB rady Ta IPO30PUX IMPOBITHUX €JIEKTPOIIB. 3 IMX IPUYNH HAIa pob0Ta 30cepemIKeHa Ha MOCTIIKeHH]
30HHOI CTPYKTYPH Ta IJIBHOCTI cTaHiB 060X HamiBrmpoBiguukis Zn0O i BeO 3 BukopucTanusaM Teopii QpyHKIT-
orauy mrbHOCTI (DFT) 3 Toukm 30py 00MiHy Ta Kopesarlii, HaOMMKeHHs y3arajgbHeHoro rpamienra (GGA)
Ta HAOAMKeHHA JIOKaIbHOI miibHocTi (LDA). PospaxoBaHi cTpyKTypHI mapaMeTph 1 3HAYEHHS CePeIHBOI
JIOBYKUHU 3B'SI3KY J00pe y3TosKyIOThCS 3 IHIMUMU JAaHUMU. Taki eJIeKTPOHHI BJIACTUBOCTI, SIK 30HHA CTPYK-
Typa cuosyk ZnO i BeO, BusHaueHi 1 TOpiBHAHI 3 HAABHUMHU 3HAYEHHSIMY €HEPreTHYHOI 30HU Ta 1HTepIIpe-

TYIOTBCS XIMIYHO.

Knrouoei ciosa: I'yeruna crauis (DOS), ZnO, BeO, CrpyxrypHi BiactruBocTi, 30HHI CTPYKTYPH.
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