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ABSTRACT 

In this paper, a novel photonic crystal (PhC) polycrystalline CdTe/Silicon solar 
cells are theoretically explained that increase their short circuit current density and 
conversion efficiency. The proposed structure consist of a polycrystalline 
CdTe/Silicon solar cell that a photonic crystal is formed in the upper cell. The 
optical confinement is achieved by means of photonic crystal that can adjust the 
propagation and distribution of photons in solar cells. For validation of modeling, 
the electrical properties of the experimentally-fabricated based CdS/CdTe solar 
cell is modeled and compared that there is good agreement between the modeling 
results and experimental results from the litterature. The results of this study 
showed that the solar cell efficiency is increased by about 25% compared to the 
reference cell by using photonic crystal. The open circuit voltage, short circuit 
current density, fill factor and conversion efficiency of proposed solar cell 
structure are 1.01 V, 40.7 mA/cm2, 0.95 and 27% under global AM 1.5 
conditions, respectively. Furthermore, the influence of carrier lifetime variation in 
the absorber layer of proposed solar cell on the electrical characteristics was 
theoretically considered and investigated. 

Keywords: Photonic crystal (PhC), Optical confinement, CdTe/Silicon, Solar 
cells 

Introduction 

Todays, the rapid economic development leads to the 
speedy exponential advance of global consumption of 
non-renewable fossil fuels energy every year. For this 
reason, the countries have engrossed on clean and 
renewable energy sources as fossil energy alternatives. 
The solar energy has recognized and attracted more 
attention as an enormously important approach to 
solve the current energy crisis because of its 
inexhaustible, inexhaustible, pollution-free, easily 
accessible and copious sources. Because of excellent 
performances, the use of solar cells based on Cadmium 
Telluride (CdTe) established meaningfully. The its 
major specifications are direct optical bandgap close to 
1.5 eV, high absorption coefficient and long term 
stability that seemed talented for absorbing the sun 
beams wavelengths of 350-850 nm as the solar cells. It 
has been shown in previous studies that the conversion 
efficiency of this kind of cell on the order of 20%  with 
low energy costs [1-9].  

The photonic crystal (PhC) is consist of a 
microstructures with periodic arrangement of two or 
more dielectric materials with different dielectric 
constants. When light propagates through a photonic 
crystal, the Bragg scattering occurs and photons are 
also modulated. The photonic forbidden band is 
generally separated into two types of the complete and 
incomplete photonic forbidden band. The complete 
and incomplete photonic band gaps relate to 
propagation of photons in all directions of photonic 
crystals and only in a specific direction, respectively. In 
addition, the photonic crystals band gap can be altered 
by changing the lattice parameters of photonic crystals 
and the dielectric constant of dielectric materials [10-
15]. 
Despite having all good performances of CdS/CdTe 
solar cell, the record efficiency is still less than its 
predicted theoretical maximum efficiency. To enhance 
the performance of the solar cell further, a lot of 
researches are in process to improve the efficiency of 
CdTe solar cell. S. Marjani et al. [9] has proposed 
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21.5%  and 28.5% efficient CdTe/Si solar cell with and 
without the distributed Bragg reflector, including 
silicon dioxide/titanium dioxide (SiO2/TiO2) layers at 
the bottom of the absorber layer. Some advance in 

photonic crystal solar cells have been reported in the 
literature, but polycrystalline CdTe/Silicon solar cells 
with photonic crystal has still to be proposed. 

 
  (a)                                                                                                       (b) 

Figure 1. The cross–sectional views of (a) the previous CdS/CdTe/Si/Si multi-junction solar cell and (b) proposed 
photonic crystal CdTe/Si solar cell. 

 
Device Structure and Validation 

Well known SILVACO's ATLAS device simulation 
software [16] is used to carry out the simulation and 
investigate the electrical characteristics of proposed 
solar cell in this paper. In addition, air mass 1.5 global 
spectrum (AM1.5 G) with an incident irradiance of 
1000 W/m2 was assumed for all simulation. At first, 
the measurements reported in Ref [4] were simulated to 
validate the numerical models, that Table 1 compares 
the experimental results of open circuit voltage (VOC), 
short circuit current density (JSC), fill factor, and cell 
efficiency with the simulated ones. As can be seen, 
Good agreement is shown between the simulation and 
experimental results [4]. In order to achieve further 
improved performance, we appraised the influence of 

the photonic crystal on overall solar cell conversion 
efficiency. Recent manuscripts of ours, which are 
focused on the modelling of flatted surface CdS/CdTe 
solar cell devices, support the adopted simulation setup 
[1-9,17-19].  
Fig. 1 shows the proposed device structure. The 
previous structure is consists of a CdS/CdTe/Si/Si 
multi-junction solar cell (Fig. 1(a)). The device 
parameters for the simulations are similar to that 
mentioned in Ref. 9. The device parameters of 
proposed photonic crystal CdTe/Si solar cell are same 
as CdTe/Si solar cell except that a photonic crystal is 
formed in the upper cell that can adjust the 
propagation and distribution of photons in cell induced 
by its optical confinement (Fig. 1(b)). 

 
Table 1 
The comparison between the characteristics of the 
simulated cell and the reference cell. 

Parameters Reference cell [9] Simulated cell 

VOC (mV) 840 865 
JSC (mA/cm2) 26.08 25.73 
Fill factor 0.731 0.734 
Efficiency (%) 16 16.3 

 
The fundamental and primary equations of interaction 
of optical and electrical during the solar cells operation 
and modeling are electrostatic potential, carrier 
densities, Poisson’s equation, the continuity equations 

and transport equations. The drift current densities for 
carriers based on energy balance transport model can 
be written as [16]: 
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where Tn and Tp represent the electron and hole carrier 
temperatures. The μn and μp are the electron and hole 
mobilities. Dn and Dp are the thermal diffusivities for 
electrons and holes. 
The rate of creation of electron-hole pairs as a function 
of position within a solar cell is [16]: 

( ) ( ) ( )( ) ( ) ( )1 1




    
−

= − −
x

G x s r f e d

 

                                                                          
(3) 

where s is the grid-shadowing factor, r(λ) is the 
reflectance, α(λ) is the absorption coefficient, and f (λ) 
is the incident photon flux that is obtained by dividing 
the incident power density at each wavelength by the 
photon energy. In general, the total generation rate is 
the sum of generation rate from solar and re-absorbed 
photons produced internally by electron-hole 
recombination. Also, the electron-hole recombination 
rate is the sum of contributions from radiative and 
non-radiative processes. For this reason, the 
concentration and field dependent mobility model, 
Shockley-Read-Hall recombination model and SRH 
concentration-dependent Lifetime were considered in 
aorder to higher accuracy in modeling of the mobility, 
recombination and carrier lifetimes.  

Results and Discussion 

Fig. 2 shows the voltage dependent current density for 
proposed photonic crystal CdTe/Si solar cell and 
previous CdTe/Si solar cell under global AM 1.5 
conditions, respectively. On one hand, The optical 
confinement is achieved by means of photonic crystal 
that can adjust the propagation and distribution of 
photons in solar cells. In other word, it has the positive 
impact of multiple damped optical resonances. Then, 
the photonic crystal membrane can support a much 
higher spectral density of optical resonances with 
increased quality factors. As a result, this leads to a 
higher integrated absorption. On the other hand, 
photonic crystal has the most developed junction area 

with largest catchment volume for separating newly 
generated carriers, it delivers the high value of short 
circuit current density for small carrier diffusion 
lengths. Also, the photonic crystal produces the largest 
short circuit current density since carriers are more 
likely to escape contact recombination and reach the 
junction where they become separated. As can be seen, 
the obtained open circuit voltage, short circuit current 
density, fill factor and conversion efficiency of 
proposed photonic crystal CdTe/Si are 1.01 V, 40.7 
mA/cm2, 0.95 and 27% under global AM 1.5 
conditions, respectively. In comparison to previous 
CdTe/Si solar cell with 21.5% efficiency, a 25% relative 
enhancement in the conversion efficiency value for 
proposed photonic crystal CdTe/Si solar cell. 
Fig. 3 shows the output power for proposed photonic 
crystal CdTe/Si solar cell and previous CdTe/Si solar 
cell under global AM 1.5 conditions. As can be seen, 
the output power increases due to optical confinement 
is achieved by means of photonic crystal that can adjust 
the propagation and distribution of photons in solar 
cells. 
The carrier lifetime is defined as the average time it 
takes for a minority carrier to recombine. The lifetime 
is related to the recombination rate when the number 
of minority carriers is less than the doping. In order to 
investigate whether the carrier lifetime effect was 
present when the carrier lifetime of CdTe increased, the 
performances of the proposed photonic crystal 
CdTe/Si solar cell with different carrier lifetime were 
also examined. Except carrier lifetime, all parameters 
are kept as same in these simulations. Fig. 4 shows 
comparison of the conversion efficiency as a function 
of carrier lifetime of CdTe under global AM 1.5 
conditions. It is evident that the carrier lifetime of 
CdTe has a strong effect on the conversion efficiency. 
Since all carriers generated in the depletion region will 
be physically collected at higher lifetimes, the 
conversion efficiency improve with increasing the 
carrier lifetime. The improved conversion efficiency of 
proposed photonic crystal CdTe/Si solar cell was about 
33% under global AM 1.5 conditions. 

 
Figure 2. The voltage dependent current density for proposed photonic crystal CdTe/Si solar cell and previous 

CdTe/Si solar cell under global AM 1.5 conditions. 
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Figure 3. The voltage dependent output power for proposed photonic crystal CdTe/Si solar cell and previous CdTe/Si 

solar cell under global AM 1.5 conditions. 

 
Conclusion 

A novel photonic crystal (PhC) polycrystalline 
CdTe/Silicon solar cells are theoretically explained in 
order to increase short circuit current density and 
conversion efficiency of cell in this paper. The 
proposed structure consist of a polycrystalline 
CdTe/Silicon solar cell that a photonic crystal is 
formed in the upper cell. The optical confinement is 
achieved by means of photonic crystal that can adjust 
the propagation and distribution of photons in solar 
cells. At first, the electrical properties of the 
experimentally-fabricated based CdS/CdTe solar cell is 
modeled and compared for validation of modeling that 
there is good agreement between the modeling results 

and experimental results from the litterature. The 
results of this study showed that the solar cell efficiency 
is increased by about 25% compared to the reference 
cell by using photonic crystal. The open circuit voltage, 
short circuit current density, fill factor and conversion 
efficiency of proposed solar cell structure are 1.01 V, 
40.7 mA/cm2, 0.95 and 27% under global AM 1.5 
conditions, respectively. In addition, the effect of 
carrier lifetime variation in the absorber layer on the 
electrical characteristics of proposed photonic crystal 
CdS/Silicon solar cell was investigated that the 
improved conversion efficiency was about 33% under 
global AM 1.5 conditions. 

 
Figure 4. The comparison of the conversion efficiency as a function of carrier lifetime of CdTe for proposed photonic 

crystal CdTe/Si solar cell under global AM 1.5 conditions. 
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