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Zinc blende (ZB) and wurtzite (WZ) structure of cadmium selenide (CdSe) is determined using density-
functional theory within local density approximation (LDA), generalized gradient approximation (GGA), Hubbard-
correction (GGA + U) and Hybrid functional approximation (PBE0 or HSE06). The convergence test of total 

energy with respect to cutoff energy and k-point sampling is performed to assure the accuracy of calculation. The 
equilibrium lattice constant of CdSe in both phases are calculated and the obtained values are in good agreement 
with experimental values. The calculated band gap values of CdSe in WZ and ZB phase are severely 
underestimated. However, the band gap values obtained by using GGA + U and the hybrid functional 
approximations are consistent with the experimental results. Optical properties: complex and real parts of dielectric 
function, energy loss spectrum and absorption coefficient of CdSe in both ZB and WZ phase were studied. The 

calculated static dielectric constant  ε1(0) of ZB CdSe is 11.7595, 13.7050 and 8.2099 for LDA, PBE and DFT + U 
approximations respectively.  The value obtained using Hubbard correction is consistent with the experimental 

result. Moreover, the static dielectric constant  ε1(0) of WZ CdSe is 8.1211, 5.3536 and 4.2133 for LDA, PBE and 
DFT + U approximations in that order. The optical absorption spectrums of both phases have several peaks which 
correspond to different electronic transitions from occupied to unoccupied band. However, the loss function 

describes the loss of energy while traversing through the material. 
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Introduction 

Cadmium selenide (CdSe) is a semiconductor 

compound of the II-VI family which crystalizes in zinc 

blend and wurtizite phases [1]. CdSe is transparent in the 

infrared region of the electromagnetic spectrum [2]. It has 

high efficiency of radiative recombination, high 

absorption coefficient and high photosensitivity [3-6].  -

CdSe has been extensively studied due to its technological 
applications such as light-emitting diodes [7-9], solar 

cells, photodetectors and optoelectronic [10, 11] and 

photovoltaic devices [12, 13]. ZB- CdSe is a stable phase 

at low temperature and transform to wurtzite structure 

above critical temperature [14]. The electronic and 

structural properties of CdSe are studied using LDA [15]. 

The electronic band structure of CdSe is studied by angle 

resolved photoemission [16]. The elastic, electronic and 

lattice dynamical properties CdSe is studied using LDA 

[17]. In addition to this the band gap of CdSe is calculated 

using EV-GGA [18]. However, these LDA based 
computational results of the band gap are found to be 

lower than the experimental band gap values. Even 

though, EV-GGA method improves the band gap value, it 

also underestimates the band gap value in comparisons to 

the experimental band gap values. In present study the 

electronic, structural and optical properties of ZB- and 

WZ- phase of CdSe are determined using LDA, GGA, 

GGA + U and PBEO methods. The article is organized as 

follows: Section 2 describes the method of calculation. 

Moreover, the results and discussion are presented in 

section 3. Finally the findings are concluded in section 4. 
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I. Computational methods 

Many body problems are very difficult to solve [19]. 

That is, the state of motion cannot be solved analytically 

for systems in which three or more distinct electrons 

interact [20]. Density functional theory is emerged for 

such problems [21-23]. In this article the calculations are 

performed using Quantum-ESPRESSO (QE) package that 
is based on DFT and plane wave pseudo potential method 

[24, 25]. In Khon Sham equations, the exchange 

correlation potential is difficult to predict and a puzzling 

term in DFT. To estimate this potential LDA [26], PBE 

[27], GGA + U [28] and hybrid (PBE0) [29] functional are 

implemented. The pseudopotentials developed for QE 

package (PBE QE UPF, LDA QE UPF and PBESOL QE 

UPF) from the GBRV Pseudopotential library [30] and 

PAW pseudopotentials [31] are implemented in the 

potential approximation. While approximating this 

potential the core electrons which cannot participate in the 
chemical bonding of the system are frozen and only 

valence electrons are considered. The electron 

configuration of cadmium is [Kr] 4d105s2 and that of 

selenium is [Ar] 3d104s24p4. In order to treat the strong 

electron-electron correlation among the d-electrons of the 

system the Hubbard correction is introduced. The optimal 

Hubbard parameter U used for ZB and WZ CdSe are 3.0 

and 3.4 eV respectively. Moreover, the value of mixing 

parameter in the hybrid function PBE0 is 0.25.  For 

convergence tests, the electronic wave functions are 

expanded in a plane wave basis set with trial cut-off 

energy. The k-point sampling of the Brillion zone is 

constructed using Monk Horst Pack Mesh scheme [32].  

The convergence test for total minimum energy as a 
function of cutoff energy is performed with an increment 

of 10 Ry in the range of 10 to 100 Ry. While varying the 

energy cutoff the other parameters in the input file made 

fixed. For good total minimum energy convergence we 

have used the criteria that the change in energy ( E ) 

from the reference point (100 Ry) to be approximately 

equal to 4 × 10−4 Ry per cell. In this calculation,  

∆𝐸 = 3.8 × 10−4 per cell (9.5 × 10−5 Ry per atom) for 

WZ- CdSe at 55 Ry energy cutoffs for LDA 

approximation and less than this value for GGA, PBE0 

and GGA + U approximations. Moreover, 

∆𝐸 = 1.65 × 10−4 per cell (8.25 × 10−5Ry per atom) for 
ZB CdSe at 60 Ry energy cutoffs for LDA approximation, 

and less than this value for other types of approximations. 

Table 1 

Crystal structure data is compared with both theoretical and experimental data. 

Methods         LDA PBE DFT+U PBE0 

Phase        

ZB Present a =6.082   a = 6.214 a= 6.220 a = 6.082 

Theories a = 6.305[34], 6.239[33], 6.05[35]    

Experiment a = 6.084[36] 

WZ Present a = 4.253   a = 4.385 a = 4.417 a = 4.253 

 c = 6.920, 

u=0.373 

  c = 6.863 

u = 0.374 

c = 7.186 

u=0.376           

c = 6.920 

u= 0.374 

Theories a=4.390[33] a=4.20[36]     

 c=7.10 c=6.80     

Experiment a = 4.310[33] 

 c = 7.010 

 
Fig. 1. Lattice constant versus total energy of CdSe: a) ZB  b) WZ Phases. 
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Similarly the convergence test for total minimum energy 

versus k -point sampling with an increment of 2 2 2   

from the range of 2 2 2   to 10 10 10  is performed 

fixing the other parameters constant.  It is observed that a 

6x6x6 k-point samplings for Brillion zone integration 

yield accurately converged total energy of ZB-CdSe for 

LDA, PBE, DFT+U and PBE0 respectively. In case of 

WZ-CdSe the total energy converged at 7x7x7 k-point 

sampling for Brillion zone integration in relation to LDA, 

PBE, PBE0 and DFT + U. Using the values of cutoff 

energy and k-point sampling from the energy convergence 

calculation, the structural optimization was done by giving 

initial lattice constant (𝑎0) smaller than the expected value 
in the calculation of total energy. The calculations are 

iterated where at the end of each step we obtained a new 

structural parameter (𝑎) and the new total energy (𝐸). The 

iteration continued until we obtain the lowest total energy. 

II. Results and discussion 

2.1 Equilibrium Lattice Constant  

The equilibrium lattice constants of CdSe in ZB and 

WZ phases are calculated using plane wave self-consistent 

field (PWSCF).  In this calculation, the cutoff energy and 

k-point sampling are the points at which the total energy 

is converged. The calculated values of lattice parameters 

using LDA, PBE, DFT+U and PBE0 methods are shown 

in Table 1 and compared with previous theoretical and 

experimental results. Moreover, the value of structural 

parameter for WZ CdSe is the nearest neighbor distance 
along c-axis in units of c. Its value for ideal WZ CdSe 

structure is 0.375.  It shows that our calculations in accord 

with LDA, PBE, DFT + U and PBE0 are in good 

agreement with previous theoretical and experimental 

results. LDA underestimates the lattice constant by 1 % 

whereas PBE overestimates it. Moreover, lattice constant 

versus total energy is displayed in Fig. 1.   

 
2.2 Electronic properties of CdSe 
The band-gap and band structures along high 

symmetry points of Birllouin zone of CdSe in ZB and WZ 

structure are performed within LDA, GGA, GGA + U and 

PBE0 potential approximations. The calculated electronic 

band structures within LDA, GGA, DFT+U and PBE0 are 

shown in 2a for ZB-CdSe and 2b for WZ-CdSe phase. The 

band structure shows that CdSe in both ZB and WZ phase 

is a direct band gap semiconductor as the top valence and 

bottom conduction bands aligned at the same high 
symmetry Γ point.  Moreover, the calculated band-gap in 

electron volt (eV) is summarized in Table 2 and compared 

with the experimental result. 

LDA and GGA potential approximations severely 

underestimate the band gap values of CdSe in ZB and WZ 

phase. This problem was improved by using projector 

augmented-wave pseudopotential within Hubbard-

correction (GGA + U) and hybrid functional 

approximation (PBE0) [37-40].  The band gap values 

obtained by using GGA + U and hybrid functional 

approximations are in good agreement with the 

experimental band gap values.  
Density of state for ZB- and WZ-CdSe is determined 

within LDA, PBE and DFT+U as demonstrated in Fig. 3a 

and 3b. Density of states (DOS) describes the behavior of 

states occupancy over specific energy level. It gives a 

detail of the states which are unoccupied and the states 

which are occupied. A high DOS at a specific energy level 

describe the states available for occupation. For both 

phases the density of states are discontinuous for the width 

from the top of valence band to the bottom of conduction 
band which is normally the band gap of the system.  

 

2.3 Optical properties of CdSe  
An investigation of optical properties of CdSe is very 

essential for optoelectronic applications. So the 

fundamental quantities, frequency dependent complex 

dielectric function were calculated.  Complex dielectric 

function is the combination of the imaginary ɛ2(𝜔) and 

real ε1(𝜔) parts of the permittivity. WZ CdSe crystal 

structure is anisotropic and has the perpendicular and 

parallel components of polarization. However, in this 

article we considered a monochromatic laser source of 

light is applied parallel to the c-axis and considered only 

the parallel component of the polarization and the 

dielectric function related to this polarization. Other 

optical properties such as absorption coefficient, 

extinction coefficient, energy loss and refractive index are 
acquired from these fundamental quantities. The 

frequency dependent imaginary dielectric function 𝜀2(ω) 

of materials [31] is given by equation: 
 

 𝜀2(𝜔) =  
8

2𝜋𝜔2
∑ ∫ |𝑃𝑛𝑛′(𝑘)|2 𝑑𝑆𝑘

∇ωnn′(k)

 

𝐵𝐙 𝑛𝑛′  (1) 

 

Where ∫    is
  

𝐵𝐙
 an integration over the entire Brillouin 

zone, ∑  is𝑛𝑛′  the sum over all initial valence band and 

final conduction band states, |𝑃𝑛𝑛′(𝑘)|2  is the dipole 

matrix element between final and initial states, 𝑑𝑆𝑘  is 

energy surface with constant value, ωnn′(k) is the energy 

difference between two states. The real part of dielectric 

function 𝜀1(ω) can be extracted from imaginary part using 

Kramer-Kroning relation [42].  
 

 𝜀1(𝜔) =  1 +
2

𝜋
𝑃 ∫

𝜔′𝜀2(𝜔)

𝜔′2−𝜔2

∞

0
𝑑𝜔′, (2) 

 

where P is the principal value of the integral.  

Hence the frequency dependent imaginary ε2(ω) and 

real ɛ1(ω) dielectric function of CdSe compound in  WZ- 

and ZB- phase are calculated within time dependent 

density functional perturbation theory (TD-DFPT) using a 

Lanczos chain as illustrated in Fig. 4. The absorption 

coefficient and the loss function in terms of real and 

imaginary part of dielectric function is given by: 

 

( )
1
22 22 ( ) ( ) ( )

1 2 1
        

 
= + −   ,     (3) 

( )
2( )

2 2( ) ( )
1 2

L
 


   

=
+
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Many peaks are corresponding to different electronic 

transitions observed in the spectra of real and imaginary 

part of the dielectric function. The polarization effects and 

strength of dynamical screening are described by the real 

part of the dielectric function ( )
1
  . However, the energy 

absorption as the result of charge excitation is related to 

the imaginary part of the dielectric function ( )
2
  . The 

peaks observed in the optical spectra are related to the 

transitions from the valence to conduction bands in the 

electronic energy band structure of high symmetry points 

in the Brillouin zone. Due to many body interactions and 

the random orientation of the transition dipole moments, 

the oscillatory trend is observed in the spectrum. The 

oscillatory trend in this 

Table 2  

Comparison of calculated band gap of CdSe and Experimental value. 

Methods 

Phase 
LDA PBE DFT+U PBE0 Experiment 

ZB 0.33 0.61 1.83 1.94 1.90 [33, 35] 

WZ 0.37 0.65 1.85 1.76 1.80 [33] 

 

 
b) CdSe in WZ phase 

 
 

Fig. 2. Band structure of CdSe along high symmetry points: a) in ZB phase b) WZ phase 
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Fig. 3. Plotted density of state of CdS in a) ZB phase b) WZ phase using gnuplot. 

 

 
Fig. 4. Real and imaginary parts of dielectric function for (a) ZB-CdSe and (b) WZ-CdSe 

 
 

Fig. 5. Absorption Coefficients for CdSe  (a) ZB-CdSe( b) WZ-CdSe and Energy loss spectrum 

for  (a) ZB-CdSe( b) WZ-CdSe. 
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spectrum represents the presence of many body 

interactions and it is dependent upon strength of transition.   

From Fig. 4a one can observe that the real part of 

dielectric function )(1   of ZB-CdSe structure has 

maximum peak of 27.44 at photon energy of 1.5392 eV 

using LDA approximation. According to PBE 

approximation it has maxima at 17.6246 at photon energy 

of 0.6597 eV. For DFT+U approximation the maximum 

value is 9.5508 at photon energy of 0.8796 eV. Moreover, 

the values of the static dielectric constant  𝜀1(0)  of ZB-

CdSe is 11.7595, 13.7050 and 8.2099 for LDA, PBE and 

DFT+U approximations respectively. The experimental 
value of static dielectric constant of ZB CdSe is 8.61[43]. 

The staic dielectric constant obtained using DFT + U 

approximation is in good agreement with the experimental 

value with a percentage error of 4.6 %.  

As shown in Fig. 4b the real part of dielectric function 

( )
1
   of WZ-CdSe structure has 9.341 for photon energy 

of 0.4398 eV, 6.5965 at photon energy of 0.6597 eV, and 

5.0637 at photon energy of 2.4188 eV with respect to 

LDA, PBE and GGA +U approximations respectively. 

The static dielectric constant of WZ-CdSe is 8.1211, 

5.3536 and 4.2133 using LDA, PBE and DFT+U 

approximations in that order. The experimental value of a 

static dielectric constant of WZ CdSe for parallel 

component is 10.1 [43] 

The peak magnitudes of imaginary part of the 

dielectric function for ZB-CdSe is 43.3684 at photon 
energy of 1.7591 eV, 23.5075 at photon energy of 5.0575,  

and 9.7116 at  photon energy of 4.6177 in accord with 

LDA, PBE and PBE +U approximations in that order. 

However, the peak values for WZ-CdSe are 4.84 at photon 

energy of 0.439eV, 3.9948 at photon energy of 0.8796 eV 

and 4.0028 at photon energy of 4.1779 eV using LDA, 

PBE and PBE+U approximations respectively. 

The absorption coefficient and the energy loss 

function spectrum for ZB- and WZ-CdSe structure are 

determined from frequency dependent dielectric function 

using equation (3). The energy loss spectrum and 
absorption coefficient are demonstrated in Fig. 5.  

The optical absorption spectrum of ZB- and WZ- 

CdSe based on LDA, PBE, and DFT+U approximations 

are demonstrated in Fig. 5a and 5b. The energy dependent 

spectra of absorption has a viable increasing and 

decreasing trend. Most of the peaks correspond to 

different electronic transitions from occupied to 

unoccupied band. Moreover, the oscillatory trend in these 

spectrums represents many body interactions. It is resulted 

from random orientation of the transition dipole moments 

with applied electromagnetic field. The maximum values 
of absorption coefficient are 15.6628, 16.3048 and 

11.6307 for ZB-CdSe with respect to LDA and PBE and 

DFT + U approximations respectively. However, the 

maximum value of absorption coefficients for WZ-CdSe 

are 8.1307, 7.2510 and 6.4447 using LDA, PBE and 

DFT+U approximations in that order.  

Fig. 5c and d describes the value of energy loss 

determined using equation (3). The energy loss-spectrum 

is important for describing the energy loss of fast electrons 

passing through the -ZB or –WZ phase of CdSe. The peaks 

of L (ω) (5c and 5d) correspond to the rapid decrease in 

reflectance. The energy loss function )(L  determines 

the loss of energy while traversing through the material. 

However, the absorption coefficient describes the 

transition of electrons from valence band to the 

conduction band. 

Conclusion 

The structural, electronic and optical properties of 

ZB- and WZ-CdSe are studied using density functional 

theory. The exchange correlation functional is 

approximated using LDA, GGA/PBE, GGA + U and 

PBE0. The values of lattice constants obtained using 

LDA, PBE, DFT + U and PBE0 approximations are in 
good agreement with experimental results. The band gap 

values of ZB CdSe obtained using LDA and PBE potential 

approximations are severely under estimated with 

percentage error of 82 % and 68 % respectively compared 

to the experimental value. Moreover, the band gap values 

of WZ CdSe with respect to LDA and PBE 

approximations are with percentage error of 79 % and 

64 % when compared with experimental values.  

However, the band gap values determined using Hubbard 

correction and hybrid functions are in a very good 

agreement with the experimental values with percentage 
error of 3 % and 2 % respectively for both phases. In 

addition to the above parameters, the optical properties 

such as the real part 𝜀1(𝜔) and; maginary part 𝜀2(𝜔) of 

the dielectric function, static dielectric constant 𝜀(𝑜), the 

absorption coefficient and the energy loss function are 

studied as a function of photon energy. The real part of the 

dielectric function is related to the transmission of photons 

within the material. However, the imaginary part of the 

dielectric function describes the absorption coefficient. 

The energy loss function shows the lost energy while the 
electromagnetic wave traverses inside both phases of 

CdSe. The absorption coefficient describes the transition 

of electrons from valence band to the conduction band 

from different orbitals. 
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Електронні, структурні та оптичні властивості селеніду кадмію (CdSe) у 

структурі цинкової обманки та в'юрциту, використовуючи теорію 

функціоналу густини та поправки Хаббарда 
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Структури селеніду кадмію (CdSe) типу цинкової обманки (ZB) та в’юрциту (WZ) визначено, 
використовуючи теорію функціоналу густини у межах наближення локальної густини (LDA), 
узагальненого наближення градієнта (GGA), корекції Хаббарда (GGA + U) та наближення гібридного 
функціоналу (PBE0 або HSE06). Використовуючи псевдопотенціал плоских хвиль із перших принципів 
отримано релаксаційні положення атомів CdSe у структурі ZB та WZ на основі методу мінімізації загальної 
енергії та сил за наближенням Геллмана і Фейнмана. Перевірка на збіжність загальної енергії щодо енергії 
відсікання та k-точки проводили для забезпечення необхідної точності розрахунку. Розраховано константи 

рівноважних сталих гратки та об'єм елементарної комірки CdSe для обох фазах. Отримане значення 
порівнюється із експериментальними значеннями. Крім того, ширина забороненої зони CdSe аналізується 
за допомогою DFT в межах LDA, GGA, DFT + U та PBE0 для наближення невідомого обмінного 
кореляційного функціоналу. Значення ширини забороненої зони, отримані з використанням LDA та GGA, 
подекуди недооцінені через їх погану апроксимацію обмінно-кореляційного потенціалу. Цю проблему було 
покращено за допомогою використання проектора псевдопотенціалу доповненої хвилі в рамках корекції 
Хаббарда (GGA + U) та гібридного функціонального наближення. Оптичні властивості: виконано 
дослідження комплексних та дійсних частин діелектричної функції, спектру втрат енергії та коефіцієнту 

поглинання CdSe як у фазі ZB, так і у фазі WZ. 
Ключові слова: селенід кадмію, ДФТ, рівноважна стала ґратки, зонна структура, оптичні властивості. 
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