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Numerical simulation based on Full Potential-Linearized Augmented Plane Wave calculations (FP-LAPW) is implemented in
WIEN2K code to study the fundamental structural and optoelectronic properties of the Wurtzite ternary alloy structure /nxGal-xN
(x=0.125, 0.375, 0.625 and 0.875) matched on GaN substrate using a 16-atom supercell. The generalized gradient approximation of
Wu and Cohen, the standard local density approach, and the Tran-Blaha modified Becke—Johnson potential was applied to improve the
band structure and optical properties of the concerning compounds. Whenever conceivable, we compare the obtained results by
experiments and computations performed with diverse computational scheme. In those alloys, the essential points in the optical spectra
display the passage of electrons from the valance band to the unoccupied states in the conduction band. The results lead that
Becke-Johnson potential will be a promising potential for the bandgaps engineering of III-V compounds which supplied that those
materials had crucial absorption coefficients that lead to the application for optoelectronics components, especially solar cells.
Keywords: Full Potential-Linearized Augmented Plane Wave (FP-LAPW); InsGaixN; Tran and Blaha modified Becke-Johnson
potential (TB-mBJ); Wurtzite; Solar cells
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1. INTRODUCTION

[11-Nitrides elements such as AIN, GaN, InN and their alloys, have all the coveted physical properties for prodigious
of tomorrow's optoelectronic devices [1], which developed one of the numerous studied subjects of semiconductors,
essentially due to their diverse applications in optoelectronics and high-power/high-temperature electronics.

Significant III-V semiconductors are in the Zinc-blende structure; however, the IlI-nitrides exist in the Wurtzite
phase; though, their metastable Zinc-blende structures were more described and studied [2]. The AIN, GaN and InN
crystallize in the stable structure Wurtzite (Wz) [3], this structure is broadly employed because of the band gap nature
(direct) in [I-nitride semiconductors [4].

In contrast, IlI-nitrides (III-Ns) have started to accomplish significant consideration toward the photovoltaic
application [5]. InN is a suited semiconductor material since its base temperature necessity, enormous carrier mobility
and little electron effective mass that affords the application in photovoltaic devices [6]. The band gap of InN was lately
found to be 0.7 eV rather than the previous considered 1.3 eV. Since the band gap of In,Ga,_, N comprising the whole
spectrum variation, tunable by 0.7 eV for InN to 3.4 eV for GaN. Therefore, permitting the design of multi-junction solar
cell with ideal band gap for maximum efficiency [7].

The Wurtzite structure is suitable for growing most Ill-nitride semiconductors [8]. Growth of InGaN with adequate
elevate In incorporation (in fact to attain green emission) has established problematic, while: The lattice mismatch among
GaN and InN equal approximate 11% [9]. InN and In-rich InGaN alloys have not been investigated thoroughly because
of difficulties associated with the growth of these compound [10]. By expanding the thickness of InGaN layer with high
indium (In) content to absorbing light, the material quality turns out to be much more dreadful [11]. Indium gallium nitride
(InGaN) based alloys are widely applied in the domain of optoelectronics, such as light-emitting diodes (LEDs) and laser
diodes (LDs). Recently, InGaN-based alloys concerned much research attention in solar cell application [11]. To date, the
InGaN heterojunction solar cells using a semi-bulk absorber (multi-layered InGaN /GaN structure) [12]. Textured surface
has been performed on InGaN-based solar cells [13]. In,Ga,_,N/GaN double heterojunction solar cells [7].

To supplement the existing experimental and theoretical studies and to afford a basis [14] for explaining notions for
new components and their applications, the calculations of the structural, electronic properties and the optical spectra of
Wz In,Ga,_, N ternary alloys in this framework are presented using first-principles calculations.
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The recent theoretical calculations and studies now a day are done utilizing DFT (density functional theory), it has
become an important tool in the treatment of many-body problems in atomic, molecular, solid state, and nuclear physics
including optical properties of many-body systems [15].

Toward deeper knowledge, slightly extensive experimental and first-principles calculations studies for the ternary
alloys In,Ga,_,N with x varying 0 < x < 1 have accomplished in the research to perform a significant
matching, [4, 16-18]. Therefore, our study could provide as a source of perspective for future searches.

The most prominent interest of DFT lies in its ability to execute computations without empirical parameters as
inputs, whose relieves up application exceedingly from constraints set by experiments [19], the first-principles
calculations based on DFT was performed in the WIEN2k code [20].

After the introduction, the paper has been arranged in three sections. In Section 2, we concisely illustrate the
computational method applied in this study. The important results accomplished for the structural, electronic, and optical
properties of In,Ga,_,N ternary alloys are exhibited and discussed in Section 3. Subsequently, the conclusions in
Section 4.

2. COMPUTATIONAL DETAIL
The precise and important theoretical solution of the structural, electronic, optical, and magnetic properties of metals

and semiconductors is the Kohn-Sham formation [21-23].
The nitrides compounds crystalize in Zinc-blende (space group F43m) and Wurtzite structure (space group P63mc),
Fig. 1 illustrate the stable structure Wurtzite of the binary InN and GaN obtained by the WIEN 2k code.
(b) — i

-

- o i - s . .
Figure 1. [llustration of a 1x1x1 conventional hexagonal cell- Wurtzite: (a) InN Figure 2. Illustration of a 2x2x2 Wurtzite
and (b) GaN. Ing 375Gag g5 N supercell

The current calculations in this study of the physical properties of the Wurtzite ternary alloy A, B;_,N (In,Ga,_,N),
so that x signifies In composition, were performed by the FP-LAPW method based on the DFT executed in the WIEN2k
package [24]. To model A, B;_, N Wurtzite alloy, we used a 16-atom A, Bg_,,Ng supercell, (2 X 2 x 2) that is twice the
size of a primitive Wurtzite unit cell in base plane direction [4]. The realized model of crystal structures of
ternary In,Ga,_, N alloys is shown in Fig. 2.

The exchange and correlation effects were handled applying three different approximations: the Wu and Cohen
Generalized Gradient Approximation (GGA-WC) functional [25,26], the Standard Local Density Approach (LDA), and
the Tran and Blaha modified Becke-Johnson exchange potential (TB-mBJ) [25,27,28] is performed to procure a larger
band gap value that is generally underestimated by LDA and GGA [25]. For the total and partial Densities Of States
(DOS) we considered the orbitals of In (4d'%5s?5p"), Ga (3d'%4s*4p") and N (2s22p?) as valence electrons.

An entirely relativistic calculation moreover scalar relativistic approximation for core and valence state,
respectively, without spin-orbit interaction, were employed. In the interstitial region, the plane wave cut-off value of
RMT - K0 = 7 was used [6], where RMT is the minimum radius of the Muffin-Tin spheres are set to 2.04, 1.84, 1.70
atomic units (a.u) for In, Ga and N respectively, and K4, provides the magnitude of the largest K vector in the plane
wave basis [29]. The maximum [ quantum number of the wave function expansion inside the atomic sphere was defined
t0 Lpgx = 10 [24], for the Fourier expansion the charge density was extended to G4, = 12 (a.u) ™. The Brillion Zone
(BZ) integration has been formed applying Monkhorst-Pack Special K-points approach [30].

3. RESULTS AND DISCUSSION
3.1 Structural properties

First, we performed the structural properties of the binary compounds InN and GaN in the both structures Wurtzite
(Wz) and Zinc-blende (Zb). The InN and GaN are reported by (1x1x1) conventional hexagonal cell (Wurtzite) and face
centered cubic (Zinc-blende).

The computed total energies within GGA as a function of the volume were employed for the perception of theoretical
lattice constant and bulk modulus. The equilibrium energy Ey, the Bulk modulus By, its first derivative By', and the balance
volume at zero pressure Vg, by fitting the calculated total energy to the Murnaghan’s equation of state (EOS) [31], which
is allowed with WIEN2k package.
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From Fig. 3 we noticed that the Wz phase was found to be more stable than the Zinc-blende phase for the InN and
GaN compounds. The calculated lattice constants and bulk modulus are arranged in Table 1.
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Figure 3. Total energies as a function of volume for the (a) InN and (b) GaN for Zb and Wz phases.

Table I. Lattice constant a and ¢, bulk modulus B and its first derivative B* of InN and GaN, compared to other experimental or
theoretical data, the lattice mismatch 4(a,) and 4(c,) are indicated in the table.

Material ~ a(A) c(A) Ala,)  A(cy) B(GPA) B
Our  Other Exp Our  Other Exp Our Other Our  Other
InN 3.57 3.59* 3.53° 580 5.78  5.69° 0.04 0.11 123.41 -- 4.18 --
3.544  3.51¢ 5.70¢  5.66° 0.06 0.14
3.540  3.55¢ 5718 5.74¢ 0.02 0.06
GaN 321 323*  3.19° 524 5260 5.18 0.02 0.06 176.80 -- 4.20 --
3.18%  3.15¢ 5.18°  5.14¢ 0.06 0.10
3.19¢  3.18° 5.18¢  5.18° 0.03 0.06
3.18f 5.18f

“Ref [32], PRef [33], Ref [34], ‘Ref [35], °Ref [36], Ref [37]

The obtained lattice constant parameters a and ¢ for the Wurtzite InN and GaN were somewhat_bigger than the
experimental lattice constant parameters, the shift in lattice parameter set as 4(a,) and A4(c,). For further details, no
experimental data were possible for the Bulk modulus By and its first derivative By'.

The element configuration of ternary alloy In,Ga,_,N acts a notable part in both physical properties and the
epitaxial growth process. To study the fundamental structural properties of the ternary alloys In,Ga;_,N matched on
GaN substrate for composition of 0 < x < 1, we have considered all studied of the ternary alloys in Wz phase which
is the stable compared with Zinc-blende whereas the ternary alloys In,Ga,;_, N with 16 atoms with 25% intervals of x.

Reviewing the Vegard’s law validity for the Wurtzite ternary alloy In,Ga;_,N, the lattice constant is commonly
denoted as a linear function depend on x concentration of the compounds. The Vegard’s law [38] is applicable for the
both a and c lattice parameters as below:

AnyGas_y N = XAy + (1 = X)agan,

Cing6azxN = XCmn + (1 — X)Cgan-

M
@)

The obtained lattice constants of In,Ga,_, N are summarized in Table II, its clearly observed that the lattice constant
a and ¢ are in inversely proportional relation with the Indium incorporation.

Table II. Lattice constant a and ¢ calculated by The Vegard’s law of In,Ga;_, N, compared to other experimental work results.

Materials a(A) c(A)
Our Exp Our Exp
IM9.125Gog7s N 3.4 3.20a 531 5210
IM.375G o625 N 333 3.30a 5.45 535
Ing,625Go.375 N 3.43 3.38a 5.59 5497
Ino575Gag125 N 3.52 3.47a 5.73 5.64°

“Ref [4]

3.2 Electronic properties

The energy band gap of a semiconductor is an essential key which is extremely useful for their efficient employment
in optoelectronic and different photonic devices. Its small variation can completely modify the utilization in the
optoelectronic devices. Therefore, the knowledge of the character of the band gaps of the current materials and their
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precise values whether by experiments or calculations are not only significant for their technological applications as well
as their band gap tailoring [2].

It is entirely comprehended that the most accurate GGA and LDA undervalue the band gap of semiconductors, the
reason is the regardless of the quasiparticle excitations in DFT. To defeat this obstacle, the mBJ approach was employed
to produce a band gap approaching the experiment value.

The bandgap energy formula of the In,Ga,_,N is depicted as below:

Eg(x) =x-Es(InN) + (1 —x) - Eg(GaN) — b -x- (1 —x), 3)

where Eg(x) , E;(InN), E;j(GaN) are the bandgap energy for the respective In,Ga,_,N , InN and GaN, and b is the
bandgap bowing parameter [39], the Vegard’s law is convenient for the lattice constants of relaxed InGaN. Recent studies
propose that the bowing parameter values depend to the indium incorporation, so that for 0 < x < 0.5 the bowing is
l4eV,and for 0 < x < 1, the bowing be 1.15 eV or 2.5 eV [4].

Accordingly, the calculated results completed of energy at the point I' of high-symmetry on the Brillouin zone for
the studied binary and ternary compounds using the WC-GGA, LDA, TB-mBJ are summarized in Table III, together with
previous experimental results.

Table III. Energy band gap Eg of GaN, InN and In,Ga,_,N calculated with WC-GGA, LDA, TB-mBJ and Vegard’s law compared
to other experimental or theoretical data.

Materials Eg (eV)
WC-GGA LDA TB-mBJ Vegard’s law Calculations Exp
bowing 1.11 bowing 2.5
InN 0.00 0.00 0.77 -- -- 0.70° - 0.77°
Ing125Gapgzs N 1.24 1.31 2.58 2.61 2.46 2.880-3.10°¢
Ing375Ga0625 N 0.49 0.55 1.68 1.91 1.58 1.95P-2.62°¢
Inge25Ga0375 N 0.03 0.08 1.17 1.35 1.02 1.38P
Ingg75Gag 125 N 0.00 0.00 0.82 0.93 0.77 0.85"
GaN 1.67 1.75 3.01 - - 3.50% -3.42b-3.42¢

aRef [16]. P Ref [4]. “Ref[18].

It is obviously noticed that the calculated band gap values (Table III) with TB-mBJ display a clear improvement
over the previously calculated values using Vegard’s law.

Fig. 4 present the band structure of the considered ternary alloy In,Ga,_,N, the high-symmetry lines through the
first irreducible Brillouin zone estimated within mBJ approach.

The Valance Band Maximum (VBM) and the Conduction Band Minimum (CBM) appear at the I" point showing
that the studying materials have a direct band gap. Those results correspond properly through the precedent experimental
and theoretical searches.
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Figure 4. Band structures within TB-mBJ for (a)[n 1,5Gagg75 N , (b) Ing 375Gag 625 N ,(¢) Ing 625Gag 375 N and
(d) Ing g75Gag 125 N
(continued on the next page)
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Figure 4. Band structures within TB-mBJ for (a)lng 1,5Gagg75 N , (b) Ing375Ga0 625 N ,(¢) Ing 625Gag 375 N and
(d Ingg75Gag 125 N .

The data of energy band gap using the WC-GGA, LDA and TB-mBJ approximations depicted in Table III are plotted

in Fig. 5.
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Figure 5. Band gap energy as a function of Indium concentration.

This last one displays that at small Indium composition, a notable bowing can be achieved however at huge indium

composition, the bowing could be negligible.

Therefore, the Band gap energy can be characterized as a function of the Indium composition, the Eg is fitted and

expressed by the following equations:

Eg"¢-G64(x) = 1.68 — 4.13x + 2.46x2,

Eg'P4(x) = 1.76 — 4.15x + 2.39x2,

EgTB-mBJ(x) = 3.03 — 4.25x + 1.98x2.

“
(6))
(6)
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These equations are related to the formula (3), where the bowing b= 2.46, 2.39 and 1.98 corresponding the
respective approximations WC-GGA, LDA and Tb-mBJ.

The information of the electron density of states (DOS) is wanted to comprehend and simplify, the calculated band
structure to know the contributing atomic states, the total and the partial DOS of the studied ternary Ing ;,5Gagg7s N,
Ing375Ga0 625 N, Ing 625Ga0 375 N and Ing g75Gag 125 N respectively are plotted in Fig. 6, which are estimated using the
TB-mBJ scheme. We have considered the inner-shell electrons in the valence electrons of In (4d'°5s*5p'), Ga
(3d"%4s?4p"), and N (25*2p>) shells [40].
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Figure 6. Total and partial densities of states for (a) Ing125Gagg75 N, (b) Ing375Ga0625 N, (€) INge25Ga0375 N and
(d) Ing g75Gag 125 N compounds

It is obviously shown from Fig. 6, the state’s lesser E the valence band be divided by two region the narrow range
between -13.08 eV to -11.06 eV, mainly originates from the hybridization of In s/p, Ga s/p and N /s states. The wider
region from -6.08 eV to Fermi level contain two peaks, the first between -6.08 to -4.10 eV is mainly occupied by N /p,
Ga /s and In /s states while the second from -4.10 eV approaching to fermi level is densely dominated by N /p, Ga P/d
and In p/d states.
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The studied ternary compounds note a definite energy gap among the valance and the conduction energy bands of
2.58, 1.68, 1.17 and 0.82 eV for the Ing,5Gaggss N, Ing375Gageas N, IMger5Gag375 N and Ing g75Gag 125 N
respectively, the alloys system preserving its semiconductor character. Hence, the dominant conduction electron states
possess a composition from several N /p, Ga s/p/d and In s/p.

3.3 Optical properties

The optical properties are straightly correlated to the electronic band gap of a semiconductor, characterizing the
interaction of electromagnetic radiations with a material. The dielectric function (w) acts an essential part in exploring
the optical properties of a compound.

To provide an excellent optical properties of the WZ semiconductors, a 480 k-points was achieved into the
irreducible part of Brillouin zone (BZ) integration using the TB-mBJ exchange potential for the Ingq,5Gaggss N,
Ing 375Ga0,625 N, Ing 625Ga0,375 N and Ing g75Gag,125 N .

The dielectric function can be written as e(w) = & (w) + i&,(w), illustrates the material response to the photon
spectrum, where the imaginary part of the dielectric function €, (w) signifies the optical absorption in the crystal, those
able to acquire from the momentum matrix elements through the occupied and unoccupied eigenstates. It signifies the
diversity of inter-band transitions in a semiconductor and the real part & (w) of the dielectric function is related to the
imaginary part €,(w) by employing the Kramers Kronig (KK) relations [41].

2 © a L .
glw) =1 +;Pf0 Z%(Zz)dw. @)

Different optical properties can be determined from the dielectric function, selected the refractive index n(w), the
extinction coefficient k(w), the reflectivity R(w), and the absorption coefficient a(w), within the following

relations [42]:
n(w) = [Hra ®)
K(w) — |E((D)|;£1((u)’ (9)

_ ((@)-1)?+k(w)?

R(w) = ((@)+1)2+k(0)2’ (10)
a(w) = T k(w). (11)

Where, A is the wavelength of light in the vacuum.
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Figure 7. Real part £:(w) (a) and imaginary part e2(w) (b) for Ing1,5Gagg75 N, Ing375Ga0625 N, Ing 625Ga4 375 N

and 1n0'8756a0'125 N
(continued on the next page)
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Figure 7. Real part £1(w) (a) and imaginary part e2(w) (b) for Ing1,5Ga0g75 N, Ing375Ga0625 N, Ing 625Ga4 375 N
and In0’8750a0,125 N

Fig.7 (a) show the real part of dielectric function &; (w), afford the static dielectric constant &;(0) presented in
Table IV. The inversely proportional relation between the &; (0) and E; can be defined by the Penn model [43],

e~ 14 (hwy/Ey)*. (12)
Where, w,, is the plasma frequency, and i = h/2m ( h is the Planck constant).

Table IV. Collected the peak positions of e2(w), static dielectric constant ¢;(0), refractive index n(0) and Static reflectivity R(0) for
Ing125Gaggzs N, Ing375Ga0,625 N, INg,625G 00375 N and Ingg75Gag 125 N.

Materials Critical points Static dielectric constant Static refractive Static
index reflectivity

A B C D E 1(0) n(0) R(0)

Ing125Gagg;s N 258 755 893 1022 12.05 4.49 2.11 0.128

Ing375Gag 625 N 1.68 7.07 864 960 11.65 4.93 222 0.144

Ingg25Gag 375 N 1.17 6.06 824 919 11.11 5.33 2.30 0.156

Inggr;5Gag1,s N 082 556  7.89 871 10.75 5.88 242 0.172

&; (w) rises within a small energy margin, then decreases for values less than one, the lower values of &; (w) occurs
at 13.02, 12.53, 11.93 and 11.36 eV for the Ing 1,5Gagg75 N, Ing375Ga0625 N, IMg625GA0375 N and Ing g7;5Gag 15 N,
respectively. These values correspond to the higher values of the reflectivity shown in Fig.7 (a). Furthermore, when
&; (w) attains a stability when getting energy more than (>22, 18, 17and 16) eV for the respective ternary Ing 1,5Gag g75 N,
Ing 375G 625 N, INg 625Ga0 375 N and Ing g75Gag 15 N, designating that the incident photons cross the material without
any notable interaction.

From Fig.7 (b), the calculated &, (w) spectra reveal that the first crucial point A, further set as optical’s absorption
edge occurs at 2.58 ¢V, 1.68 eV, 1.17 ¢V and 0.82 ¢V which represent the direct optical transitions for the respective
compounds Ing 1,5Gagg75 N, INg375Ga0 625 N, INg 625Ga0 375 N and Ing g75Gag 1,5 N . The electronic optical transitions
(represented by peaks B, C, D and E given in Table IV among the valence band and conduction band at 5.~ /"1 symmetry
point, originate the absorption region.

As provides in Fig. 8 (a), the reflectivity reached the maximum in the photon energy range (12.53 to 16.55) eV,
(11.84 to 15.40) eV, (11.51 to 15.06) eV and (10.88 to 14.56) eV for the compounds /1 1,5GAgg75 N, INg375GA0625 N,
Ing625Gag 375 N and Ing g;5Gag 1,5 N respectively.

This Prominent reflectance is explained to the resonance plasmon rising in the Ultraviolet range. Furthermore, the
In integration decrease proportionally the maximum value of the reflectivity as below 0.48, 0.46, 0.45 and 0.44 (a.u) for
the respective In concentration (x = 0.125, 0.375, 0.625 and 0.875).
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The refractive index follows the pattern of &; (w) , It is seen from the Fig.8(b) that n(w) spectra increase and reach
apeak value 0of 2.67 at 6.48 eV ,2.60 at 5.72 €V, 2.52 at 5.23 eV and 2.57at 0.93 eV for the respective Ing1,5Gagg75 N,
Ing375Gag 625 N, Ing 625Gag 375 N and Ing g;5Gag 15 N compounds. Beyond the maximum, the spectra decrease inferior
to 1. As the bandgap is decreased when we increase the In amount, while n(0) alter vice versa with the band gap of the
compounds as mentioned in the Table III. The Refractive index inferior than unity (vg = c/n) exhibits that the group
velocity of the incident radiation is bigger than the lightspeed c [44,45]. It signifies that the group velocity shift to negative

domain and the material turn into superluminal for high energy photons.
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Figure 8. Reflectivity R(w) (a) and (b) Refractive index n(w) for Ing 1,5Gagg75 N, Ing375Ga0625 N, Ing 625Gag 375 N

and In0‘875 Gaoylzs N .

It is clearly from the absorption a(w) spectra plotted in Fig. 9, that the absorption edge occurs at the energy values

2.58, 1.68, 1.17 and 0.82 eV for the compounds Ingq,5Gaggss N,

Ing375Ga0 625 N, IMge5GaA0375 N and
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Ingg75Gag 15 N, respectively. These previous values are identical to the energy gaps of I'v — I'c. The absorption
coefficient is the most important characterizing the solar cells, the maximum a(w) is 248.41, 231.96, 219.30 and 211.55
for In concentration of (x = 0.125, 0.375, 0.625 and 0.875), therefore confirm [46] study, that for In poor region (x less
or equal 25%) of the In,Ga,_, N may allow the possibility of appropriate bandgap engineering for solar cell utilization.

275 275

—In, . Ga N Ga_ N
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Figure 9. Absorption coefficient a(w)for Ing 1,5Gag 875 N, INg375Ga0 625 N, Ing 625Ga0 375 N and Ing g75Gag 125 N

T T T v - ;
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 M

4. CONCLUSIONS

Theoretical study of structural, electronic and optical properties of III-Nitrides alloys based on ‘‘FP-LAPW”’
calculation method, implementing LDA, GGA and mBJ approximations. These ternary compounds Ing1,5Gag75 N,
Ing375Ga0 625 N, INg 625Ga0 375 N and Ing g75Gag 1,5 N have Wurtzite structure. The bandgaps nature of these materials
is direct ['v — T'c. It is inferred that mBJ is an adequate theoretical method for the computation of the band structures of
III/V materials. The findings require that mBJ will be a favorable potential for the bandgaps engineering of III/V
compounds. In those alloys, the critical points in the optical spectra reveal the passage of electrons from valance band to
the unoccupied states in the conduction band. The zero-frequency edge of &, (0) and n(0) show a reversed link with the
bandgaps. From the interpretation of optical graphs, it is provided that those materials are implemented for optoelectronics
components [In poor region (x less or equal 25%) of the In,Ga,;_,N ] in ultraviolet energy ranges and for solar cells
application.
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BA3O0BI JOCJIIKEHHA: OIITOEJEKTPOHHI BJACTUBOCTI COHAYHUX EJIEMEHTIB HA OCHOBI CILIABY
BIOPIIUTA InGaN B MEXKAX MOJU®IKOBAHOI'O OBMIHHOI'O IOTEHIIAJIY BEKE->KOHCOHA (MBJ)
Amina Bensina®P, Aogean-Ixasan 3e6entyr™?, Jlaxnap Benaxmenic, Taiie6 Cennix?, A6xenbxani Jlaua6i¢, Xamsa A6in®

“@akynomem Hayx i mexnonoziu (FST), Yuisepcumem Aiin-Temywenm, 46000, Anocup
bJlabopamopis npuxnaonux mamepianie (AML), docrionuyvxuti yenmp, Qocinnani Jliabec, Yuieepcumem Cidi-Benv-Abbec, Anvicup
<Jlabopamopis mexnonoei i enacmusocmeti meepoux min, Yuieepcumem Mocmazanem Ab60envxamio ion baoic (UMAB), Anorcup
4Jlabopamopis keanmoeoi gizuxu mamepii ma mamemamuunozo mooemosanus (LPQ3M), haxyrvmem npupoonuuux nayx
i mexwnonoeiil, Mycmagha Cmamoyni Yuisepcumem Mackapa, Anowcup
¢Jlabopamopis npuknadnux mamepianie (AML), oocnionuyvkuii yenmp, [oicinnani Jliabec, Ynisepcumem Cidi-Beav-Ab6ec, Ancup

UncenpHEe MOZICIIOBAHHS Ha OCHOBI PO3PaxyHKiB ITIOBHOI JIiHeapH30BaHoi po3mmpenoi miockoi xsuii (FP-LAPW) peanizoBano B koxi

WIEN2K s BUBYeHHS (pyHIaMEHTAJIBHUX CTPYKTYPHHX i ONITOEJIEKTPOHHHX BIACTHBOCTEH MOTPiiHOT CTpYKTYypH crutaBy Wurtzite

InxGaixN (x = 0,125, 0,375, 0,625 i 0,875) y3romxkeno Ha migkiaani GaN 3a 1onoMorow 16-aTOMHOI CyMepKOMIpKH. Y3araibHEHE

rpanienTHe HabmwkeHHst By Ta Koena, crangaptHuil minxia okansHol mwiibHOCTI Ta Tpan-Braxa MmoaudikoBanuii morenuian bexke—

JIxoHCcOHa, OyaM 3aCTOCOBaHI Ul MOKpPALIEHHS 30HHOI CTPYKTYpU Ta ONTHYHMX BJIACTMBOCTEH BigmoBinHMX cronyk. Komu ne

MOJKJIMBO, MH TIOPIBHIOEMO OTPUMaHI pE3yJbTaTH 3a JONOMOTOI0 EKCIECPHMEHTIB 1 OOYHCICHb, BHKOHAHUX 3a Pi3HAMHU

00YHCITIOBATIBHUMHE CXeMaMH. Y IHX CIUIaBaX OCHOBHI TOYKH B ONTHYHHX CIEKTPaX BiZOOpaXaroTh MEPEXi/ eNeKTPOHIB i3 BaJICHTHOT

30HM [0 HE3alOBHEHUX CTaHIB y 30HI MHpoBimHOCTI. Pe3ympratm cBimuats mpo Te, mo mnoreHmian beke J[xoncoma Oyne
6araToo0iLTIOUNM MOTEHI[IATIOM ISl po3poOKu 3a00poHeHHX 30H croiyk III-V, ski nokasanu, mo 1i MaTepiaan MaroTh BHPIMIATbHI

Koe(illieHTH MOTJIMHAHHS, SIKi IPU3BOASATH 10 3aCTOCYBAHHS JUIsl KOMIIOHEHTIB ONTOSNIEKTPOHIKU, OCOOIMBO COHSYHUX €JIEMEHTIB.

KurwuoBi cinoBa: nosrna nomenyitino-nineapusosana oonosuena niocka xeuisi (FP-LAPW), InxGaixN; Tpan i Baaxa moougixosanuii

nomenyian bexe-/oconcona (TB-mBJ); sopyum, conauni enemenmu



