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Abstract:  As the requirement of renewable energy is increasing, the efficiency of solar cell is needed to be increased. Hybrid 

perovskites are the materials that can be used to enhance the efficiency of solar cells due to their high power conversion efficiency. 

The researchers have found the properties of some lead-based hybrid perovskites to be optimal for a PV material. Since lead is 

toxic, researchers are trying to find its alternatives. In this work, Ethyl-ammonium germanium bromide (𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3) is 

studied and its structural, electronic, and optical properties are obtained using FP-LAPW method implemented in theWien2k code. 

The material absorption coefficient is found to be greater than the required minimum 104𝑐𝑚−1 and bandgap is a direct band gap of 

1.02 eV. The observed material has another advantage that it is lead (Pb) free. Thus, it is an eco-friendly and non-toxic material. 

IndexTerms – Hybrid Perovskites, Solar Energy, Absorption Coefficient, Band Gap. 

I. INTRODUCTION 

Solar energy is an infinite energy source. However, it depends upon us that how efficiently we can utilize solar energy. 

Photovoltaic (PV) devices are used to convert solar energy into electrical energy. A good PV absorber should have greater absorption 

coefficient, appropriate band gap in visible range, high solar to electrical conversion efficiency and high charge carrier mobility. [1] 

Along with these, these should be able to remain stable at high temperature [2]. Recently, researchers have started exploring lead-

based hybrid perovskite materials [3,4]. The general formula of these is 𝐴𝑃𝑏𝑋3. Here, A is cation 𝐶𝐻3𝑁𝐻3
+ and 𝑋− is a halide anion. 

Although these hybrid perovskites have high conversion efficiency and cost is also low, still these are not commercially produced on 

a large scale since the toxic lead is present [5-10]. Hence, the exploration of lead-free hybrid perovskites is needed. Researchers have 

started working on this area. In this work, 𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3 is taken into study. It is lead-free material and thus will not be having 

environmental negative effects. It is checked whether it has the required properties of the potential PV material or not. The obtained 

results show that the material is suitable for PV material. The description of the material and obtained results are provided in the next 

sections. 

The organization of the paper is as follows. Section 2 shows the used computational scheme. Section 3 presents the structural, 

electronic, and optical properties of the considered material. Section 4 concludes the paper. 

 

II. COMPUTATIONAL DETAILS 

Kohm-Sham equations [11] are solved to perform first principle calculations by the full potential linearized augmented plane 

wave method (FP-LAPW) as a theoretical account of DFT. WIEN2k [12-14] is used in this study. Authors in [15,16] have shown the 

accuracy of DFT to obtain the physical properties of the materials. In this study, 𝑅𝑚𝑡 ∗ 𝐾𝑚𝑎𝑥 is taken as 3. K-mesh is of 8x8x8 and 

700 k-points are taken in the Full Brillouin Zone (FBZ). The Muffin tin radii of H,N,C,Br and Ge are taken as 0.6, 0.97, 0.95, 2.35 

and 2.35 a.u. respectively. To avoid the charge leakage, core energy separation of -6 Ry is taken between valence and core electron. 

𝐺𝑚𝑎𝑥 is taken as 20. The charge and total energy convergence achieve the values of 0.001e and 0.0001 Ry. The density functional 

theory is taken into account since it provides accurate values for materials’ physical properties [15,16]. 
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Figure 1: Crystal Structure of 𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3. Atom symbols are written in the left image. C,H and N atoms are at the center, 

Ge cation is in the octahedron and Br anion is at the corner of the octahedron. 

III. RESULTS AND DISCUSSION 

3.1  Structural Properties  

Figure 1 shows the geometry of 𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3 in cubic phase. The two cations 𝐶𝐻3𝐶𝐻2𝑁𝐻3
+ and 𝐺𝑒2+ are forming bonds with 

𝐵𝑟−. The 𝐺𝑒2+ cation is in the 6-fold coordination and it is then surrounded by 𝐺𝑒𝐼6 octahedron. The cation 𝐶𝐻3𝐶𝐻2𝑁𝐻3
+ is in the 

interstitial site in the middle of the octahedron. Using the equation of state by Murnaghan [17], the volume optimization is done. 

Total energy is minimized by varying unit cell volume. It is shown in figure 2. Unit cell volume is found to be 1751.487 𝑎.𝑢.3, bulk 

modulus B = 32.341 GPa and pressure derivative B’ is = 4.1665 

 

 
Figure 2: Energy vs volume for 𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3 
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Figure 3: Band Structure of 𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3 hybrid perovskite with exchange correlation potential PBE. 

 

3.2 Electronic Properties 
Electronic properties (Density of states and band structure) are obtained by applying PBE exchange-correlation potential [18]. 

Density of states and band structure depends upon Ge-Br bonds, Br-Ge-Br bond angle and the size of 𝐶𝐻3𝐶𝐻2𝑁𝐻3
+ cation. The 

obtained band structure is shown in figure 3. Observing the plot at symmetry point R, it can be inferred that it is direct band gap 

material. Obtained band gap using PBE is 1.02 eV. This is the required range of bandgap to get high efficiency [19,20]. The band 

gap is attributed to the valence band(VB) and conduction band(CB) formed by the Ge-4s, Ge-4p and Br-4p orbitals. The study of 

partial density of states (PDOS) of C, N, Br and Ge along with the Total Density of States (TDOS) with PBE. All the PDOS and 

TDOS figures are combined into a single figure and shown in figure 4. We can infer the semiconducting property from the figure. 

conduction band is starting at around 1.02 eV and after that it is continuous. It is due to the Ge-4p and Br-4p states. 
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Figure 4: Total Density of States and Partial Density of States 

 

 

3.3 Optical Properties 
For the calculation of optical properties, electronic loss energy function, optical conductivity (𝜎(𝜔)), and optical absorption (𝛼(𝜔)) 

are calculated. These are calculated in terms of photon frequency 𝜔 dependent dielectric function 𝜖(𝜔). This is defined in [21,22]. 

In the simulation, an electron is considered in VB state and a photon having 𝜔 frequency is incident upon it. The electron is excited 

to the CB state by this photon. The 𝜖(𝜔) is calculated using equation 1. 

𝜖(𝜔) =  𝜖1(𝜔) ± 𝑖𝜖2(𝜔)………………………….…………………….……(1) 

…………………………………………….(2) 

In these equations, 𝜓𝑣 is the VB state of energy eigenvalue 𝐸𝑣. 𝜓𝑐 is the CB state of energy eigenvalue 𝐸𝑐. |𝜓𝑐 |𝑒̂𝑗 .𝑃 |𝜓𝑣| are the 

momentum matrix elements between 𝜓𝑣 and 𝜓𝑐. is the momentum operator. The optical properties can be inferred from 𝜖1(𝜔) and 

𝜖2(𝜔). These are shown in subfigures (d) and (e) of figure 5. 𝜖1(𝜔) shows the two peaks. of 12.2 and 3.9 at photon energy of 1.35 

eV and 5.5 respectively. 𝜖1(𝜔) is negative for all photon energy values greater than 8.9 eV. The electronic part of 𝜖(0) is 10.5. It is 

called the static dielectric coefficient. This is an important parameter used in study of materials. 𝜖2(𝜔) presents the energy absorption 

in the material. Three peaks are obtained in the figure 5(e). These peaks are related to direct inter-band transitions. 𝛼(𝜔) is another 

parameter that is needed to select the PV material. It is called the absorption coefficient. It shows the absorbed energy as a fraction 

of incident energy per unit length. It is shown in figure 5(a). It starts increasing from 0 and exhibits the peaks on 2.7 eV, 6 eV and 

8.25eV. It achieves highest value of 9.25𝑥105𝑐𝑚−1. These are the properties of semiconductors. The higher value of 𝛼(𝜔) greater 

than 104𝑐𝑚−1 is required for a PV material. Further, real part of optical conductivity (𝜎(𝜔)) is shown in figure 5 (b). It has the 

highest value of 5.25𝑥103𝜔−1𝑐𝑚−1 for 8.25 eV incident photon energy. Energy lost by fast moving electron is calculated by energy 
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loss function. It is shown in figure 5 (c). It shows a peak of 0.18 at 4 eV. A constant magnitude of around 0.25 is shown in the range 

of photon energy 10-12 eV . 

…………………………………………..(3) 

 
Figure 5: Optical Properties 

IV. CONCLUSION 

A potential photovoltaic material Ethyl-ammonium germanium bromide (𝐶𝐻3𝐶𝐻2𝑁𝐻3𝐺𝑒𝐵𝑟3) is studied in this work. Its structural, 

electronic, and optical properties were analyzed using FP-LAPW based on DFT with PBE using WIEN2k code. The material is found 

out a direct band gap material with a  band gap 1.02 eV. The static dielectric constant is 10.5 and the absorption coefficient is higher 

than the required 104𝑐𝑚−1. Thus the material is suitable for PV applications. The unit cell volume obtained after optimization is 

1751.487 𝑎.𝑢.3, bulk modulus B = 4.1665 GPa, and pressure derivative B’ is = 4.1665. 
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