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Abstract.

The structural,  electronic,  optical,  and electrical  properties  of  CuO were studied using  the

density functional theory (DFT) based on the Full Potential Linearized Augmented Plane Wave

(FP-LAPW)  method  as  implemented  in  the  Wien2k  code.  The  structural  parameters  are

optimized by using the 4D-optimize option and the PBE-sol functional.  The electronic and

optical  properties  were  analysed  adopting   Generalized  Gradient  approximation  plus  the

screened Coulomb interaction  (GGA+U) and the  modified  Becke-Johnson (GGA-TB-mBJ)

potential  for comparison. The calculated band energies have been used with the Boltzmann

transport equation to calculate the thermoelectric properties. It is shown that the gap energy

obtained by the (TB-mBJ) approximation potential is 2.02 eV more close to the experimental

values comparing to that given by the GGA+U  (Eg=1.57 eV). The optical properties reveal a

high absorption coefficient in the UV region with an average transmittance of around 65% in

the visible range, which covers a high range of light using TB-mBJ exchange potential and an

average reflectivity of approximately 18% in visible light. The CuO conductivity is limited by

the carrier mobility at low temperature and primarily defined by the carrier concentration at

high temperature. These properties make CuO a promising material for solar cell applications

as an absorbent layer and antireflection coating. 
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Introduction

To achieve sustainable growth, the development of alternative energy sources to fossil fuels

is critical. Solar energy, among these emerging energy sources, has become well-known and is

rapidly expanding due to its ease of use, inexhaustibility, and environmental friendliness. The

first efficient solar cell was created using a silicon p-n junction semiconductor, which is too

costly for large-scale production. As a result, other light-absorbing materials that are low-cost,

plentiful on the planet, and environmentally sustainable must be investigated. Semiconductor

oxide solar cells are a viable alternative to silicon solar cells because they are less expensive to

manufacture, non-toxic, and have a high light absorption rate.  Transparent oxides (TCO) with

a bandgap of about 3.4 eV, such as zinc oxide ZnO and tin dioxide TiO2, are well-known

transparent oxides (TCO) that can absorb solar light only in the ultraviolet region of the solar

spectrum. The semiconductor should have an optical band gap of 2 eV or less to better use

solar energy. CuO and Cu2O are TCOs with small band gaps of 1.35 eV [1] and 2.0 eV [2],

respectively, corresponding to theoretical solar energy conversion efficiency of 31% [3,4] and

20% [5]. CuO and Cu2O have slowly gained attention as a candidates  for large-scale solar

energy harvesting materials in recent years, with CuO dominating due to its smaller optical

bandgap. 

CuO can absorb the entire visible light spectrum, while Cu2O can only absorb light with a

wavelength less than 620 nm. CuO is therefore more stable in the air than Cu2O, which can be

oxidized to CuO for higher temperatures. When a CuO/ZnO barrier layer is used to monitor the

carrier recombination dynamics in ZnO, Raksaet al. [6] reported improved performance in ZnO

dye-sensitized solar cells  (DSSCs).  Lim et  al.  [7] reported a CuO/PCBM solar  cell  with a

0.04% performance. CuO's electronic structure has been successfully identified in the literature

[8,9],  demonstrating  that  CuO  is  intrinsically  a  p-type  semiconductor  and  that  n-type

conduction in undoped CuO is impossible. 

Besides, CuO is antiferromagnetic material with partial magnetic moments of 0.60 µB for

the copper atoms and 0.14µB [10] for the oxygen atoms. It also presents a low resistivity at the

average of 0.05 Ω.cm [11]. However, to identify CuO's intrinsic behavior for its application as

an absorbing material in a photovoltaic cell, it is essential to perform density functional theory

calculations (DFT) in atomistic scale. Several DFT studies in a variety of semiconductors have

been reported, including ZnO[12-14] and GaN (gallium nitride) [15]. In this paper, we present

first-principles  DFT  calculations  of  CuO  using  the  Wien2K  code  and  the  Full  Potential

Linearized Augmented Plane Wave method (FP-LAPW). The LDA and GGA approximations

of the Kohn-Sham density-functional theory with local and semi-local density approximations
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have successfully predicted structural properties and cohesion energies, but the band gap value

is underestimated. We used the two approximations DFT+U [17] and TB-mBJ[18] to resolve

this problem and approximate the bandgap energy to its experimental value while retaining the

appropriate structural parameters. The first method corrects the underestimated gap energy by

incorporating the screened Coulomb interaction denoted by Hubbard term U into the potential

of exchange and correlation,  which avoids the excessive relocation of electrons in involved

orbitals.  The second one,  recently  developed by Tran and Blaha (TB-mBJ) [18],  produces

excellent  improvements in the electronic,  optical  and electrical  properties since it  describes

precisely the energies of d levels of metals.

1. Computational methods

In our calculations, we used the FP-LAPW method, which divides the space into two regions.

The first region corresponds to the RMT radius of muffin tin (MT) spheres, while the second

corresponds  to  the  interstitial  space  between  the  spheres.  In  the  interstitial  region,  wave

functions are formed in the radial  part with spherical  harmonics as a Schrödinger equation

solution, and their energy derivatives and in-plane waves basis. The muffin tin radius values

were optimized at 1.92 a.u. for copper atoms and 1.7 a.u. for oxygen atoms. The density of

charge was Fourier-expanded up to  Gmax=14 au−1. The energy cutoff  was optimized to  be

Kmax×RMT=8, where Kmax is the maximum value of the reciprocal lattice vectors used in the

plane  waves  expansion.  These  results  were  obtained  with  a  convergence  criterion  of  10 -

5Ry/unit cell. In our calculations, we treated Cu (3d10 4s1) and O (2s2 2p4) as valence states. The

structural  properties  were  investigated  using  a  Perdew-Burke-Ernzerhof  (GGA-PBEsol)

approximation of the generalized gradient [19]. In addition, we used the GGA+U method for

the electronic and optical properties, with U as the potential of Hubbard's orbital multi-average

region, whose value is extracted from the experimental results to determine the XPS[20]. Also,

and for comparison to the GGA+U method, we opted for the modified Becke-Johnson (TB-

mBJ) potential, a modified version of the Becke and Johnson functional[21]. The following

formula expresses the TB-mBJ potential:

vx ,σ
MBJ (r )=cv x ,σ

BR (r )+ (3c−2 )/ π √5/12√2 t σ(r) /ρσ(r )                       (1)

(1)
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whereρσ (r )=∑
i=1

N σ

|Ψ i σ|
2,t σ (r )=

1
2
∑
i=1

N σ

|Ψ iσ
¿ ∇Ψ i σ|

2
 andvx ,σ

BR (r )are the electron density, the density of

kinetic energy, and the Becke Roussel (BR) potential[22], respectively.

The main modification is at the level of the parameter c in the formula of the functional. This

parameter was chosen to depend linearly on the square root of the average  
|∇ ρ(r)|
ρ(r)

which is

given by:

c=α+β ¿¿(2)

whereα=-0.012 Bohr1/2, β=1.023 Bohr1/2 are constant and V cell is the volume of the unit cell.

The optical properties are determined using the knowledge of the dielectric functionε (ω) that

consists of a real part ε 1(ω)and an imaginary partε 2(ω), given by:

ε (ω)=ε1 (ω)+iε2 (ω )(3)

The real and the imaginary part are expressed through the following formula[23,24]:

ε 2(ω)=¿¿(4)

ε 1(ω)=1+¿¿ (5)

where  M nn'(k ) denotes the dipole matrices components,  ωnn'(k) denotes the energy difference

between the initial and final states, Sk  represents the surface energy, and P denotes the principal

value of the integral.

Other important optical properties, such as the absorption coefficient, reflectivity, and transmitt

ance, can be estimated using the imaginary dielectric function.  The  absorption  coefficient

α(𝜔), refractive index n(𝜔), the reflectivity R(𝜔), the loss energy function L(𝜔) and optical

conductivity 𝞼(𝜔) are calculated using these formulas [25]:

α (ω)=√2ω [[ ε1
2

(ω)+ε 2
2

(ω ) ]¿¿1/2−ε1 (ω )]
1/2

¿(6)

n (ω )=
1
√2

[ [ε 1
2 (ω )+ε2

2 (ω ) ]¿¿1/2+ε1 (ω )]
1/2

¿ (7)

R(ω)=⌈(ε (ω )−1)1/2/(ε (ω )+1)1 /2⌉2(8)

L (ω)=−ℑ1/ε=ε2 (ω )/(ε1 (ω )+ε2 (ω))
2(9)
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ℜ(σ (ω ))=ω/4 π ℑ(ε (ω ))(10)

The  transmittance  T (ω)was  calculated  using  the  following  formula  [26],  where  d  is  the

thickness of the structure.

T (ω)=(1−R (ω))
2 ex p (−αd )(11)

2. Results and Discussion

2.1 Structural Properties

CuO crystallizes in the monoclinic C2/c space group [23]. Fig.1 shows the unit cell of CuO

used in this study. This structure was obtained from a monoclinic unit cell  formed by four

atoms where Cu occupied the positions (1/4, 1/2, 3/4) and (3/4, 0, 3/4), whereas O occupied the

sites (0, 1/4, 0,417) and (0, 3/4, 0,583).

Fig. 1: Unit cell of CuO with the oxygen and the copper atoms represented respectively by the

red and the blue atoms.

To find the equilibrium state,  the CuO's structural parameters were optimized using a 4D-

optimize package available in the Wien2k code, which minimizes four parameters according to

the most stable antiferromagnetic state our case: the lattice parameters a, b, c, and the angle γ

simultaneously. The values of these parameters are represented in table 1 and compared to the

experimental values and the other results of calculations. Our results are in agreement with the

other theoretical and experimental data.

Table 1.Theoretical and experimental structural parameters of CuO

Structure parameters Our  work Other calculations Experiments

a 3.428 3.48 [27] - 3.44 [23] 3.422 [29] - 3.429 [25]
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b 4.683 4.76 [27] - 4.55 [23] 4.683 [29] - 4.692 [25]

c 5.134 5.21  [27]  -  4.99

[28]

5.128 [29] - 5.137 [25]

γ 99.560 99.5 [27,28] 99.5 [29,30]

bond length Cu-O 2.4629 2.4655[26],2.45[27

]

2.464[29]-2.466[30]

A way of studying the structural  properties  is  to display the spectrum of X-ray diffraction

(XRD). Fig.2(a) shows the simulated XRD spectrum of CuO for optimized structure using the

VESTA code [31]. CuO is polycrystalline, has a monoclinic system, and has (111), (-111), and 

(112) peaks, according to the spectra. 

The strongest peak is (111), indicating that this is the preferred growth orientation in bulk CuO, 

which is consistent with experimental data [30-32]. To check the thermodynamic stability we

have also calculated the phonon density of states and phonon band. As shown in Fig.2(b) all

the bands are above 0 meV in positive range confirms its structural stability and supports room

temperature fabrication. We have observed a strong electron-phonon coupling in 0-18 meV

with lowering of optical branches and mixing with acoustic branches.   

Fig.  2:  (a)  SimulatedX-Rays  Diffraction  spectrum for  the  optimized  structure  of  CuO (b)

Phonon band and density of state (Phonon-dos).

2.2 Electronic Properties:

2.2.1 Density of states and bands structure

Understanding the electronic structure of a material requires the study of the band structure, the

partial  and total  density  of  states  (PDOS and TDOS),  which will  allow us  to  analyze  the
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electronic character of the system. For that reason, we calculated the PDOS, TDOS, and the

band structure of CuO for the optimized structure using the two approximations GGA+U with

U=7.14eV and TB-mBJ. The Fermi level is taken as the origin of the energies.  By examining

the total density of states for both up and down states from GGA+U and TB-mBJ, we can see

CuO's  antiferromagnetic  character  [see Fig.3].  Indeed the  two states  are  symmetric  with a

partial magnetic moment of 0.68 µB for the copper atoms and 0.09µB for the oxygen atoms. By

analyzing the Partial DOS of CuO in this figure, we note that the valence band's deepest states

are mostly dominated by the orbital O-2s located between-19.41eV and -17.27 eV for GGA+U

and between -19.5eV and -17.5eV for the TB-mBJ approximation. The top of the valence band

is dominated by the 3d orbital of the copper cations and the 2p orbital of the oxygen anions.

Meanwhile, the states of these orbitals are located at the intervals [-8.17eV, 0eV] for GGA+U

and [-8.5eV, 0eV] for the TB-mBJ. We can also see the O-2p and Cu-3d orbitals' significant

hybridization around -5.1eV for GGA+U and -5.5eV for TB-mBJ. Concerning the conduction

band, there is a low contribution of O-2p states located at [1.58eV,10eV] for the GGA+U and

[2.06eV, 10eV] for the TB-mBJ as well as a low contribution of 4s and 2s states respectively of

copper and oxygen. These results are in good conformity with the experimental and theoretical

data [29,30,32].
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Fig. 3: Up and down Partial and Total Density of States of CuO calculated with GGA+U and

TB-mBJ

The band structures presented in Fig.4 using GGA+U and TB-mBJ methods show that CuO is

a direct bandgap semiconductor since the maximum of the valence band and the minimum of

the conduction  band are situated in  the same point  gamma.  Moreover,  it  seems that  states

above the Fermi level at gamma point justifies that CuO is intrinsically a p-type as reported

experimentally [32]. We also note that the modification brought by the TB-mBJ appears in the
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shift of the bandgap energy seen the good description of the correlation between the O-2p and

Cu-3d orbitals in this approximation compared to the GGA+U method. 

Fig. 4: Band structure of CuO calculated by both methods GGA+U and TB-mBJ

The  bandgap  values  calculated  by  both  the  methods  compared  to  other  experimental  and

theoretical results are listed in table 2. The values obtained by the TB-mBJ approximation are

in good conformity with the experimental data [30,32,33].

Table 2.Calculated band gap of CuO compared to experimental and other theoretical data

Our work Experimental Other calculations

2.02 eV  (TB-mBJ)

1.577 eV (GGA+U)

2.1eV [29,30,32]

1.25 eV  (GGA+U) [34] 

1eV (LDA+U) [35]

1.21 eV (LDA+U) [27]

1.3 eV (GGA+U) [27]

2.2.2Electron density

To understand the nature of the interactions between atoms in the CuO structure, we calculated

the electron charge density distributions.  Fig.5 shows the charge density distribution in the

(111)  CuO plane  around the  two nuclei  of  copper  and oxygen atoms.  The charge  density

contours provide information on the type of bond between the two atoms.
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Fig. 5: Contours of CuO density of charge in the (111) plane

From this figure, we notice polarized electronic clouds in the charge repartition between the

two atoms Cu and O, predicting mixed covalent and ionic bonds of Cu-O. The partial covalent

behavior is due to the hybridization of Cu-3d with O-2p states in the valence band near the

Fermi  energy  level.  While  the  partial  ionic  character  is  due  to  the  O  atom's  high

electronegativity, which leads to appearing a bump in the electron charge density of oxygen

and makes this atom acts as the center of charge accumulation.

2.3 Optical Properties:

The  FP-LAPW  is  an  excellent  theoretical  approach  integrated  in  computation  for

calculating a compound's optical properties. These properties provide useful details about the

compound's internal structure. The optical parameters like the real part of dielectric function

ε1(ω), the imaginary part of dielectric function ε2(ω), the reflectivity R(ω), the energy electron

loss function (EELS) L(ω), the refractive index n(ω) and the optical conductivity 𝞼(ω) of CuO

were  calculated  in  the  range  of  photon  energy  0-30  eV  using  GGA+U  and  TB-mBJ

approximations. All the results of optical properties are shown in Fig.6(a-e). It appears from

Fig.6(a) that the absorption threshold (first critical point) of the imaginary dielectric function

occurs at energies 1.8eV and 2.4 eV for GGA+U and TB-mBJ, respectively. These energies

give the threshold of the direct optical transitions between the highest of the valence band and

the  lowest  state  of  the  conduction  band.  This  is  known  as  the  fundamental  absorption

threshold, the origin of these peaks attributed to the partial density of states.  The interband

transitions between the p-states of the O atoms to the 4s states of the Cu atoms lead to an

absorption peak.  Beyond these  energies,  we can  notice  a  rapid  increase  in  ε2(ω) since the

number of critical transitions contributing to ε2(ω) increases abruptly. For the real part of the
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dielectric function ε1(ω) [Fig.6(b)], the most important quantity is the static limit ε1(0) which

allows us to calculate the refractive index at the static limit. This value is ε1(0) = 5.18in the

GGA+U and ε1(0) = 3.48 in TB-mBJ. This real part begins to increase to the peaks at about 1.8

eV and 2.4 eV, respectively, calculated by adopting the two approximations GGA+U and TB-

mBJ. It  begins to  increase and reaches  the maximum value at  2.74 eV(GGA+U) and  3.45

eV(TB-mBJ). After reaching 18.58eV using GGA+U and 19.34 eV with TB-mBJ, it starts to

decrease further below zero in negative scale for the ranges respectively 20.45–25.26 eV and

20.93–25.34 eV. The difference in the calculated results from the TB-mBJ and the GGA+U is

justified by the small shift between the band gap's values. CuO shows a metallic behavior at the

negative  values  of  real  dielectric  function  ε1(ω);  otherwise,  it  is  dielectric.  Concerning the

optical reflectivity R(ω) as shown in Fig.6(c), the zero-frequency reflectivity is about 15% and

9%  from  GGA+U  and  TB-mBJ,  respectively.  The  material  is  transparent  due  to  its  low

reflectivity in the infrared and visible energy ranges. In this part of the energy spectrum, it can

thus  be  used  as  an  anti-reflective  coating  material.  At  24  eV  and  24.5  eV,  respectively,

GGA+U and TB-mBJ have maximum reflectivity values of about 35% and 37%. Interestingly,

the maximum reflectivity occurs when the real part of dielectric function ε1(ω) goes below

zero,  as  seen  from Fig.6(a).  In  general,  the  reflectivity  indicates  a  decrease  at  the  plasma

frequency ωp. This frequency is linearly correlated to the electronic density of the material. In

metals,  the densities  are such that  the frequency of the plasma ωp tumbles  into the highly

visible  or  ultraviolet  range.  When  ω<ωp,  in  the  high-frequency  region,  the  real  dielectric

function becomes negative, ε1(ω)<0.

Consequently,  we  obtain  the  maximum  reflectivity  R(ω)  when  the  real  dielectric

function is less than zero. The EELS function is an essential factor that describes the energy

loss of a fast electron that passes through the material. The EELS function L(ω)presented in

Fig.6(d)  shows  low-intensity  peaks  at  low  energies  corresponding  to  transitions  from  the

valence  band to  the conduction  band.  The higher  peak occurring  at  energies  25.73eV and

25.56eV for respectively GGA+U and TB-mBJ approximations is defined as the energy (ħωp)

of  massive  plasmons  that  occurs  as  seen  below when the  imaginary  part  of  the  dielectric

function is less than 1. The real part is zero, correspondings to the abrupt reduction of the

optimal  intensity  of  the  reflectivity  and  the  transition  of  CuO  between  the  metallic  and

dielectric  behavior  justified  by  the  sign  transition  of  the  real  dielectric  function.  These

calculated plasmons energies are in agreement with the experimental value [35].
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Fig. 6: Optical spectra as a function of photon energy for CuO : (a) imaginary and (b) real parts

of dielectric  function,  (c)  reflectivity,  (d) energy loss function,  (e)  refractive  index and (f)

optical conductivity.

By analyzing figure 6(e), it  is found  that the static refractive index n(0)  of CuO to have the

value 2.28 and 1.89  respectively for GGA+U and TB-mBJ.  Using the GGA+U and TB-mBJ

approaches,  the  refractive  index increases  as  the  frequency increases,  reaching  an  average

value of 2.33 and 1.97 in the visible range, respectively. Since photons are delayed when they

penetrate a substance due to interactions with electrons, the refractive index is greater than one.

The more the refractive index is, the more the photons are slowed by browsing a material.  It

appears by analyzing Fig.6(f) that the optical conductivity of CuO begins from the energies of

about 1.58 and 2.03eV, respectively, using both approximations GGA+U and TB-mBJ. These

values represent the optical band gap to overcome for the beginning of the electronic transition.

This optical conductivity begins to increase from this energy value and reaches a maximum

level  located near  the visible  range,  making the CuO an excellent  candidate  to be used in

photovoltaic applications. The presence of intensity of absorption and the transmittance spectra
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in the visible range predict its application as an absorbent layer in the solar cells [Fig.7(a,b)].

CuO offers  a  strong absorption  below 400  nm due  to  electrons'  transition  from the  O-2p

orbitals (valence-band) to Cu-4s orbital (conduction-band). Usually, this value of wavelength is

referred to as the bandgap. We can add that this absorption decreases in the visible and IR

regions and stays about 104cm-1. The transmittance spectrum presents a conversely proportional

character to the absorption coefficient. For this reason, it is clear that the transmittance spectra

of  CuO present an average transmittance of the order of 60 % to 67 % between800 nm and

1000 nm, respectively, using the GGA+U and the TB-mBJmethods. The abrupt drop of the

transmittance  for  the  wavelength  lower  than  700 nm corresponds to  the  absorption  in  the

copper oxide owed to the electronic transitions between the valence band and the conduction

band. In the low wavelengths <380 nm, the values of the transmittance of CuO are close to 0%.

We also notice that  the transmittance spectrum covers an extensive range of light using  TB-

mBJ approximation, which is related to the shift of gap energy as reported below and shown in

Fig.7(b), illustrating the optical band gap calculated using GGA+U and TB-mBJ.These curves

are in perfect coherence with the results obtained from the experimental results [32,34,36,37].

The optical band gap has been determined by using the Tauc formula [38] given by:

(α hν )2=B (hν−Eg) (12)

where  B is  a  constant,  (hν¿is  the  energy of  the  incident  photon,  and  α is  the  absorption

coefficient. By plotting (α hν )2 according to (h ν) and by the extrapolation until(α hν )2=0, we

can determine the optical bandgap's value, which is shown in Fig.7(b). We conclude that the

bandgap values deducted by the relation of Tauc are 1.803 eV and 2.596 eV using GGA+U and

TB-mBJ approaches, respectively. These results are in good agreement with the experimental

values 2.64  deduced by Ibrahim Y. Erdo et al.[38], and 2.55 eV reported by  R. Shabu et  al.

[32]. One way to justify the use of CuO as an absorber window of the solar cells is to evaluate

the  quantum  efficiency,  maximum  absorption  of  these  structures,  and  the  maximum

photocurrent generated as a function of the layer's thickness. For this reason, we evaluate these

parameters, which are calculated using lighting with the AM 1.5 G spectrum. The bandgap of

CuO leads to an improvement of the absorption. It is very well that these structures can be

considered  as  absorbers  for  films  with  significant  thicknesses.  We  also  notice  that  this

absorption in the visible is at the origin to generate a photocurrent maximum of 8 mA/cm2.

These results open the horizon of using this material as transparent windows in solar cells.
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Fig.  7:  (a) Absorption  Coefficient  and  transmittance,  (b)  Optical  band  gap of

CuO  calculated with GGA+U and TB-mBJ approximations.

Fig.8: quantum efficieny,  absorbed photon and maximum photocurrent  of  CuO  calculated

using TB-mBJ method.

2.3 Electrical Properties:
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Electrical  properties  present  a  critical  aspect  of  the  performance  of  the materials.  For  this

reason, we have calculated the electrical conductivity using the Boltztrap code [39]. This is

based on the  semi-classical  Boltzmann  theory.  This  package uses  the  calculated  electronic

structure  data  obtained  from Wien2K.  The  integration  of  the  Boltzmann  distribution  gets

electrical conductivity. This formula is a function of the temperature and the chemical potential

via the following equation:

σ αβ (T , μ )=(1¿¿Ω)∫σ αβ(ϵ) [−∂ f μ(T , ϵ )/∂ϵ ]dϵ ¿(13)

Where  α ,β  denote  the  tensor  indices,  Ω,f μ,  T  and μ  are  the  unit  cell  volume,  the  Fermi

distribution function, the temperature, and the chemical potential. However, the semi-classical

Boltzman  theory  is  remaining  unable  to  determine  the  scattering  rate.  To  overcome  this

difficulty, we used the model suggested by Ong et al. [40], who estimated the relaxation time

by relationship:

τ=2.5310−5T−1n−1/3(14)

where τ is expressed in second in Kelvin and n is the electron concentration in cm-3.

The  electrical  conductivity,  carrier  density  and  carrier  mobility  are  shown  in  Fig.8  as  a

temperature function. We can see that as the temperature rises, the carrier concentration and

conductivity rise, while the carrier mobility rises and then falls, reaching a limit at 220K. These

findings point to the formation of thermal agitation in free carriers as they move from the

valence band to the conduction band. Also, it is shown that the conductivity variation of CuO

is limited at low temperature (T<250K) by the interpretation of the carrier mobility. Above

350K, the conductivity is primarily defined by the carrier concentration, which suggests CuO's

semiconductor behavior. These findings are consistent with experimental results [11,32].
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Fig. 8 (a) Carrier concentration, (b) Electrical conductivity  and (c) Carrier mobility of CuO as

a function of temperature

Conclusion

The structural,  mechanical,  optical,  and electrical  properties  of the CuO monoclinic

structure  were  investigated  in  this  paper.  The  GGA-PBEsol  approximation  was  used  to

measure the structural properties. The PBEsol accurately represented the structural properties

but  underestimated  the  band gap value,  according  to  our  findings. Electronic,  optical,  and

electrical  properties  are  investigated  using  GGA+U and  TB-mBJ  potential  to  resolve  this

problem. We discovered that the latter method, which relies based on modified Becke-Johnson

potential  with kinetic energy density approximation,  provides a high level of accuracy that

matches experimental data. According to its electronic and optical properties, CuO has a direct

bandgap between 1.58 and 2.03 eV and a low transmittance in visible light, which justifies its

strongest  domains  of  activity  as  an  absorbent  layer  in  visible  light. CuO appears  to  have

semiconductor behavior, with electrical conductivity controlled by carrier charge mobility and

concentration, based on its electrical properties.
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