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ABSTRACT

The optical properties of Zn,,Be,O were studied by first principle method using the density functional theory. The dielectric

function and optical constants are calculated using PP-PW method within the generalized gradient approximation (GGA). The

theoretical calculated optical properties yield a static dielectric constant for Zn,_,Be,O are 4.08, 3.86, 3.60, 3.12 and 2.85 along

polarization direction (001). It indicates that the static dielectric constants reduce with increasing Be concentration. However a

static refractive indices for Zn,,Be,O are found to be 2.05, 1.98, 1.88, 1.77 and 1.70 with the increasing X, respectively. The

obtained results agree well with the available theoretical and experimental values.
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1 INTRODUCTION

The ZnO is a kind of wide band gap semiconductor and an
attractive material due to its use in ultraviolet optoelectronic
applications, solar cells [1], sensors [2], nano lasers [3,4],
etc. To produce high efficiency ZnO-based light emitting
devices, the critical step is the fabrication of quantum wells
and super lattices of ZnO-based semiconductor alloys by
mixing with materials with even larger band gaps.

Zn,,Be,O has advantages over Zn,,Mg,O and Zn,,Cd,O,
because BeO has the same hexagonal wurtzite structure as
ZnO, phase segregation is not detected in Zn,,Be,O alloys
[5.,6,7].

In order to design active regions for LEDs, a barrier
material with energy gap larger than ZnO is needed, and
both MgZnO and BezZnO are possible choices. Although
MgznO is technologically more mature, BeZnO may
potentially offer some advantages. In fact, since BeO and
ZnO have the same hexagonal symmetry, phase segregation
in BeZnO is a far less critical issue than in MgzZnO and, in
principle, the energy band gap of BeZnO can be engineered
to range from 3.4 eV (ZnO) to 10.6 eV (BeO) by changing
the Be molar fraction. This makes it is possible to grow
barrier layers with higher confinement than those obtained

with MgZnO, potentially leading to better performance in
the deep-UV spectral range. Ryu and co-workers [8,9] have
shown that it is indeed possible to grow BeZnO-based
LED and laser structures. Therefore, it is important to
provide the ZnO community with a preliminary evaluation
of the BezZnO potential as a LED material.  Such
applications, in turn, require an accurate determination of
the structural, electronic and optical properties and of

Zn,.,Be,O.

In the present work the optical properties of Zn,,Be,O
have been studied using the pseudo potential plane wave
method (PP-PW). The results, in comparison with the
published data, are in good agreement with the
experimental and previous theoretical results.

2 COMPUTATIONAL METHODS

Our calculations were performed by the Cambridge Serial
Total Energy Package (CASTEP) program [9], which is the
implementation of the conserving pseudo-potential method.
[10]. The method is based on the density functional theory.
The exchange correlation potential is treated by the
generalized gradient approximation (GGA) with the
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Perdew-Wang functional [11, 12]. The Zn;,Be,O (x = 0.0,
0.25, 0.5, 0.75, 1.0) structures can be obtained by replacing
1 to 8 Zn atoms with Be in the 2x2x1 wurtzite ZnO
supercell. We used a plane-wave basis set defined by an
energy cut-off 600 eV. We used 6X6 Monkhorst mesh [13]
to sample the first Brillouin zone. The structural parameters
are determined using the Broyden— Fletcher—Goldfarb—
Shenno (BFGS) minimization technique [14]. The total
energy is stable within 5 eV/atom, the maximum ionic
Hellmann—Feynman force is less than 10 eV/A.

The complex dielectric tensor was calculated, in this
program, according to the well-known relations [15].
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And the optical conductivity is given by:

Re 0,5 (w) = ﬁ Im €, (w)

3)

In Equation (1), ck and vk are the crystal wave functions
corresponding to the conduction and the valance bands with
crystal wave vector k. In Equation (3) the conductivity
tensor relating the inter band current density j, in the
direction a which flows upon application of an electric field
Eg in direction B in which the sum in Equation (1) is over

all valence and conduction band states labeled by v and c.

Moreover, the complex dielectric constant of a solid is
given as:

glw)=¢(0) +i &(o) (4)

Here, real and imaginary parts are related to optical
constants n(®) and k() as:

£ (0)= 2n(w)k() ()

The other optical parameters, such as energy-loss spectrum
and oscillator strength sum rule are immediately calculated
in terms of the components of the complex dielectric
function [16].

3  RESULT AND DISCUSSIONS

The unit cell of wurtzite structure is characterized by three
parameters, the lattice constant a, the c/a ratio, and the
internal parameter u which fixes the relative position of the
anion and cation sub-lattices along the c axis. Table 1
displays the calculated structural parameters of the
equilibrium configurations of Zn,,Be,O.

The results listed in Table 1 show that the lattice constants,
a and c, decrease with an increase in beryllium
composition. This phenomenon occurs because the atom
radius of beryllium is smaller than that of zinc.

Table 1: Calculated equilibrium lattice constants a and ¢ of Zn;.«\B&O compared with both theoretical and experimental data

a(k) c(A)
X
Thiswork expt.  other calculations Thiswork  expt. other calculations
Zn,..Be,O 1 |2.614 2.698° 2.764° 4.255 43777 4.487°
0.75 | 2.81 2.889° 4.525 4.675°
05 | 2912 2.972° 5.01 4.99°
0.25 | 3.112 3.134° 5.094 5.076°
0 |3.262 3.258%  3.283° 3.256° 5.28 5.22¢ 5.309°,5.256°

Ref.[17], PRef.[18],], °Ref.[19], Ref.[20]

3.1 Dielectric function

The calculated optical properties at the equilibrium lattice
constant are illustrated in detail in the present work. The
results have been presented in Figs. 1-4. It is well known

that the imaginary part of the dielectric function &,(®) can
be treated by the transitions between occupied and
unoccupied electronic states. The real part &;(w) and
imaginary part €,(®) along polarization direction (001) for
Zny,Be,O are displayed in Figs. 1 and 2. It is clear that the

130



Ab-initio calculations of the dielectric constant, optical absorption and the refractive index of Zn,.,Be,O alloy

calculated values of ZnO and BeO are in reasonable
agreement with those available in literature [21,22]. An
important quantity of €y(®) is the zero frequency limit £;(0),
which depends on the band gap as €,(0) = 1 + (hwp/Eg)?,
where ®, is the plasma frequency at which & (w) passes
through zero [23]. The Zn;,BeO has the similar
characteristic in the static dielectric constant €,(0) changing
with the molar fraction x along polarization direction (001).
Our calculated static dielectric constants for Zn.,Be,O are
4.08, 3.86, 3.60, 3.12 and 2.85 along polarization direction
(001). It indicates that the static dielectric constants are
reduced with increasing Be concentration. In the range 0-12
eV, as x increases, the first strong peak in &;(®) shifts
toward higher incident photon energy, which varies from
3.36 eV in ZnO to 10.55 eV in BeO along polarization
direction (001). From Fig. 2, it is noted that ZnO has a
strong absorption region which starts from 1.35 eV to 21.5
eV along polarization direction (001) while BeO has less
region of strong absorption.

real part of dielectric function

T T T T T T
0 10 20 30 40 50 60

Energy (eV)

Figurel: Real part of dielectric function of Zn;.,Be,O alloys
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Figure2: Imaginary part €2(w) of dielectric function of Zn,.,Be,O
alloys

131

3.2

The variation of absorption with increasing concentration of
Be in Zn,,Be,O is shown in Fig. 3 along polarization
direction (001). The shape of the optical absorption is the
most important, which shows a sharp onset followed by an
almost plateau. The absorption edge starts at about 1.55,
1.98, 4.12, 4.88 and 7.28 eV, respectively. It is noticed that
a high absorption peak occurs in ZnO in the energy range of
12-20 eV and the peak shifts toward lower energy as the
concentration of Be increases.
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Figure3d : Variation of absorption of Zn,Be,O alloys a long (001)
direction

3.3

The refractive index of material is an important optical
parameter, which is often required to interpret various types
of spectroscopic data. It is related to the density and the
local polarizability of these entities [24]. The refractive
index of a semiconductor n(®) is computed through the real

dielectric function N = ,/&,(0) . The part of the refractive

index is presented in Fig. 4 and refractive indices n(0) for
Zn.,Be,O are found to be 2.05, 1.98, 1.88, 1.77 and 1.70
with the increasing X, respectively. The refractive index was
measured to be 1.72 along c-axe for BeO [25], showing an
excellent agreement with our calculated value.

Refractive Index

Refractive index n
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Figure4: Variation of refractive index of Zn;,BesO alloys along
(001) direction
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4  CONCLUSION

In summary, the equilibrium structure, and optical
properties of Zn;,Be,O alloys are discussed in detail. The
obtained lattice constants indicated a close agreement with
the reported experimental values and literature data. For
polarization direction (001), the absorption edge starts at
about 1.55, 1.98, 4.12, 4.88 and 7.28 eV, respectively. It is
noticed that a high absorption peak occurs in ZnO in the
energy range of 12-20. eV and the peak shifts towards
lower energy as the concentration of Be increases. The
refractive indices n(0) for Zn,,Be,O are found to be 2.05,
198, 188, 1.77 and 1.70 with the increasing X,
respectively.
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