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 The results investigated in this work are toward the optimization of the photonic crystal 

structures in 1D and 2D scale. One-dimensional distributed Bragg reflectors (DBRs) have 

demonstrated substantial potential in various optoelectronic applications, due to the 

observed tunable optical band-gap. Herein, the use of DBRs in light trapping solar cells 

was simulated and validated, representing its effect as a back reflector structure. In terms 

of the layer thickness, material selection and number of layer, the optimized DBR structure 

was modeled and evaluated with respect to previously published numerical and 

experimental data. The proposed model is capable of designing photonic crystal structures 

with tunable band-gap varies from 400 nm to 700 nm while controlling the pass-band in 

both Visible and Near Infra-red regions. On the other hand, 2D grating structure has been 

simulated where the transmission spectra under various design dimensions have been 

investigated. Finally, thin film deposition is utilized for experimental validation to our 

proposed optical model.  
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1. Introduction 

This paper is an extension of the work originally presented at 

the IEEE Conference on Power Electronics and Renewable Energy 

(CPERE) in 2019 [1].  

Nowadays, new techniques of solar cells have shown a perfect 

solution to provide low cost alternative compared with 

conventional methods that used in solar cells [2-10]. These 

methods depend on using low cost active layer with less than 1 μm 

thickness and also minimizing the fabrication cost [2, 11-14]. By 

observing the literature, the reported structures showed low 

absorption in the active layer [15]. Based on that, the researchers 

began to find method to avoid the limitation in the absorption layer 

by using light trapping structures [8, 16, 17] (cf. Figure1). The light 

trapping structures can be divided into two main classifications, 

either by function or composition of the structure. The composition 

of the light trapping structure can be in the form of photonic crystal 

(PCs) [18] or plasmonics structures [1, 16, 17, 19-23]. The 

fabrication of PCs structures depends on the contrast between 

dielectric materials and semiconductor materials (refractive index 

contrast) which influences the optical properties of the structure 

[24]. This paper will discuss 1D PCs [25] as well as 2D grating 

structure for solar cells utilization 

Additionally, other new generations of solar cells, namely dye 

sensitized solar cells and perovskites solar cells, showed enhanced 

performance with embedding two-dimensional colloidal crystal 

structures [26-29]. Such colloidal crystal structures are not only 

acting to enhance the photon capturing of the active layer of solar 

cells, but can be integrated for decorative purposes [29]. Over and 

above, light trapping techniques can have a positive role while 

harvesting diffused light in underwater applications [30, 31] 

Light trapping structures can be applied in new technologies of 

solar cells, by trapping the light in the active layer through 

embedding nano-structures either above or below the active layer 

[8]. The technique of applying light trapping in the active layer 

depends on minimizing the reflected light in the upper layer by 

using anti-reflecting coating (ARC) while maximizing the 

reflected light in the back layer. The angle of reflection in the back 

reflector must exceed the critical angle, targeting total internal 

reflection in the active layer, which attributes to the absorption [8] 

(see Figure 1). 

Additionally, other new generations of solar cells, namely dye 
sensitized solar cells and perovskites solar cells, showed enhanced 
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performance with embedding two-dimensional colloidal crystal 
structures [26-29]. Such colloidal crystal structures are not only 
acting to enhance the photon capturing of the active layer of solar 
cells, but can be integrated for decorative purposes [29]. Over and 
above, light trapping techniques can have a positive role while 
harvesting diffused light in underwater applications [30, 31]. 

The demonstrated optical model introduces an advanced 
optimization tool for 1D/2D PCs, seeking for maximum absorption 
in the active layer utilized in new generation of solar cells. Using 
Matlab scripting, the developed tool was essentially deployed and 
proved using a free optical simulator platform called “Open-Filter” 
[32], while absorption profiles were simulated numerically using 
Comsol multi-physics. The optimization procedure was applied on 
particular parameters such as the number of layers constricting the 
PC structure, the difference in refractive index and the layer 
thickness. The output results showed complete consistency with the 
literature data previously measured [20] and simulated  [8, 17].  

 

Figure 1: Schematic diagram of sandwiched light trapping structure for solar 

cells. 

2. Optimization Model 

2.1. Analytical modeling   

The thin film optical modeling represented by characteristics 
matrix analytical method [33] is utilized in this paper. This method 
depends on Maxwell's equations which describe by electric field 
that cross continuously from medium to another. When the 
incidence of layer was given by electric and magnetic field, the field 
of both electric and magnetic can derived by matrix that given above  
[33]: 

[
𝐸1

𝐻1
] = 𝑀 [

𝐸2

𝐻2
]                                                                                  (1)  

 
where the intensity of electric and magnetic fields in the input 
medium are 𝐸1 and 𝐻1, while the electric and magnetic fields in the 
output medium are 𝐸2 and 𝐻2. Herein, 𝑀 is given by: 

𝑀 =  [
𝑐𝑜𝑠 𝑘𝑜ℎ 𝑖 𝑠𝑖𝑛 𝑘𝑜ℎ/𝛾1

𝛾1𝑖 𝑠𝑖𝑛 𝑘𝑜ℎ 𝑐𝑜𝑠 𝑘𝑜ℎ
]                                                (2) 

 
and  γ1 is given by: 

γ1 =  √
εo

μo

n1

cos θi

                                                                                (3) 

 

where ℎ  is thickness of thin film, 𝑘𝑜  represented as propagation 
coefficient (𝑘𝑜 = 2π/λ), 𝜀𝑜 and 𝜇𝑜 are represented as air permittivity 
and permeability, refractive index of material called n1 , angle of 
incidence called 𝜃𝑖. 

A concatenation of layers can be referred to as a system matrix, 
represented by the multiplication of individual layer matrices. This 
matrix used to calculate the overall coefficients of reflection and 
transmission. Open-filters [32] is used as open source of analytic 
thin film optical modeling where we can validate our 
characterization matrix results. 

Distributed Bragg Reflector (DBR) is a one-dimensional 
structure of simple photonic crystal. Optical band-gap is formed for 
Distributed Bragg Reflector as observed by solving Maxwell's 
equation (more detailed analytical solution for 1D and 2D photonic 
crystals can be accessed in [16]). The angle of incident and 
polarization should directly affect the width of band-gap. By 
incrementing the incidence angle to oblique, the TE modes band-
gap becomes wider, while the band-gap of TM mode becomes 
narrower. This finding leads us to the independence of the band-gap 
from the polarizations and angle of incidence, as presented later in 
the discussion section. The photonic band-gap would exist, when 
contrast of dielectric occurred. In this manner, DBR could be shaped 
by layers of silicon with thickness 550 nm (n = 3.48)   and SiO2 of 
thickness 550 nm (n =1.46). The Lorentzian-Drude (LD) model 
introduced in [9] is used, which explain the absorption and 
dispersion of silicon as a wavelength dependent function. 

2.2. Material modeling   

The coefficient of dispersion should be calculated to modal 
dispersive and absorptive materials. Herein, Lorentzian-Drude (LD) 
model through FDTD simulations are enrolled [34]. The LD modal 
divided into two models. The Drude model is defined as the first 
model that, due to intra-band transitions, directly affects 
background absorption and dispersion. The second modal that 
represents dispersive media by multiplying resonant frequencies is 
the Lorentz model. 

The model of semi-quantum reflects the electronic inter-band 
transitions. A material using the LD model’s complex permittivity 
could be expressed by: 

 𝜀(𝜔) = 𝜀⋈ + ∑
𝜎𝑛𝜔𝑛

2

𝜔𝑛
2 − 𝜔2−𝑖𝜔𝛤𝑛

𝑛                                                  (4) 

where ε⋈ is the instantaneous dielectric response (DC), Γn and ωn 
are the LD coefficients and σn is a position function that defines the 
power of the nth resonance. Figure 2 shows the optical model for the 
DBR structure to be optimized. The optimization process is 
considering the number of DBR layers, reflective index (n1– n2), and 
the thickness of the layer (h1, h2). 

2.3. Structure optical modeling using FDTD   

The finite difference time-domain (FDTD) algorithm is used to 
make simulation of light interaction with various structure of layers 
[35]. The (FDTD) algorithm is considered as a standard numerical 
technique in classical electromagnetism. To simulate (FDTD) 
algorithm, open source algorithm is used called MEEP [36].The 
simulated volume is reflected on the required simulation time and 
RAM that required to make simulation on MEEP. A runtime of 
nearly 10 ns per pixel per time step of time is needed with RAM of 
almost 100 bytes per pixel [37].  

MEEP was used to implement simulation of reflection and 
transmission of light by using different structure of light trapping. 
10 μm × 10 μm is volume that used in simulation with unit step and 
resolution of 10 nm and 10 respectively. The wavelength is set as 
550 nm to simulate sun irradiance for TM and TE modes. Figure 3, 
shows the modal with two detectors integrated for the calculation of 
transmitted and reflected field. 

http://www.astesj.com/
http://en.wikipedia.org/wiki/Maxwell%27s_equations


G.A. Alsayed et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 951-958 (2020) 

www.astesj.com     953 

The maximum intensity of AM1.5G is determined to be 1000 
W/m2.  Two identical Gaussian light sources with a width from 200 
nm to 1500 nm and a mean wavelength of 550 nm, were utilized to 
represent TE and TM modes. It is important to model and integrate 
in MEEP the wavelength dependent variation in the real and 
imaginary parts of the refractive index for different materials used. 
Here, we integrate the published LD model to illustrate the complex 
refractive indices using the Lorentzian-Drude (LD) coefficients for 
the chosen materials with specific focus on Si as a semiconductor 
material. The compatibility of the  LD model with MEEP is 
considered as the main reason for selecting it [38]. 

 
Figure 2: Schematic diagram of the structure of the DBR under test. 

 
Figure 3: Schematic diagram used for the calculation of transmission and 

reflection spectra for the MEEP model.  

2.4. 2D optical modeling using Comsol Multi-physics   

Using the commercial simulator Comsol Multiphysics 5.0 [37],  
optoelectronic modeling is carried out. Comsol utilize finite element 
method (FEM) solver such that a tetrahedral mesh is selected based 
on the minimum feature length in the geometry under investigation. 
Various 2D optical structures devices could be simulated by optical 
and electromagnetic libraries and are modeled by the continuity, 
Poisson, drift-diffusion and Maxwell’s equations assuming 2D 
solution. The targeted solar cells with light trapping structure are 
described as a p-i-n junction [39]. Consideration is also provided to 
the bulk, surface recombination, and contact effects. The primary 
governing equations are given by [8]: 

−∇. (
εoεr

q
 ∇ V) =  −n + p + ND( 1 − fD) − NA(fA)

+ ∑ Ntj(δj −  ftj)                                          (

j

5) 

∇. Jn − ∑ Rn
tj

− Rsp − Rst − Rav + Gopt (t)

j

=  
∂n

∂t
+ ND

∂fD 

∂t
                                               (6) 

∇. Jp − ∑ Rp
tj

− Rsp − Rst − Rav + Gopt (t)

j

=  
∂p

∂t
+ NA

∂fA

∂t
                                                (7) 

where p and n are the excess hole concentration and minority-
electron concentration with respect to equilibrium,  NA and ND are 
the doping levels of acceptors and donors, Jp and  Jn are the current 

density for holes and electrons, Rp and Rn represent the bulk 

recombination of holes and electrons, Gopt  is the term for optical 

generation, Rsp  represents the recombination of surfaces, and  Rav 

and Rst  are trapping recombination. The required optoelectronic 
parameters per each layer are captured from the simulation tool 
library and the optical generation term is calculated using an Matlab 
based optical model, taking into confederation a doping level of 1018 
cm-3 in both the n and p sides [10].   

Herein, the optical generation parameter Gopt plays a critical 

role in investigating the optical impact of the proposed photons 
management structure in enhancing the performance of the solar 
cell. The expected enhancement can be attributed to the elongation 
of the optical path length inside the active materials under 
simulation. This elongation is directly reflected on the generation 
term.     

3.  Simulation Results 

3.1. Optimizing number of layer in DBR structure   

Si-SiO2 DBR structures have been simulated following the 
characteristics matrix analytical approach defined in the section 
two. Based on our previous work, these DBR structures were taken 
into account as an initial model to be optimized [8]. Firstly, the 
influence of the DBR layers on the presence of the optical band-
gap was originally discussed in Figure 4. The spectra showing the 
reflectance are plotted and the structures of two, four and six DBR 
layers have been simulated. Here, the ratio between the the 
reflected light and the incident light is termed as the optical 
reflectivity (dimensionless unit), cf. Figures 2 and 3.  

 

Figure 4: Si-SiO2 Reflectivity of DBR for different layer numbers. 

It is evident from Figure 4 that the occurrence of the optical 
band-gap is associated to the number of layers constructing the one 
dimensional photonic crystal structure. 550 nm optical band-gap 

http://www.astesj.com/
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(from 550 nm to 1100 nm) was formed with reflectively of around 
0.95, while utilizing six DBR layers structures. In contrast, 
attention should be given to the trade in parameters concerned to 
the overall DBR dimensions and to the fabrication procedure 
sophistications. For instance, a sharper optical band-gap is 
anticipated by increasing the number of layers, more than six, 
however the complicity and fabrication cost will increase as well. 
Thus, the optimal structure in terms of layer count for such Si-SiO2 
DBR structure is the six layer DBR structure. It is worth noting 
that this layer number is not a global optimum, as the observation 
of the optical band-gap depends not only on the DBR layers count, 
but also plays the refractive index contrast plays an critical role.  

3.2. DBR thickness optimization  

Following the first optimization stage demonstrated in section 
3.1, Figure 5 shows the influence of the thickness variance on 
reflectivity. The DBR structure of six layers optimized in section 
3.1 is used. To reduce the variables included in the optimization 
problem under investigation, the thickness of both layers, SiO2 and 
Si, are considered equal. Figure 5 examined 550 nm, 250 nm, and 
125 nm reflectivity spectra. The nominated wavelengths are 
selected to fit the peak wavelength for the input source at 550 nm. 
Consequently,  λo , λo/2  and  λo/4 thicknesses have been 
simulated. As shown in Figure 4, the presence of the photonic-gap 
is associated at thin film thickness of λo/4. This is attributed to the 
maximum local point at which the maximum reflection occurs. 
The thin film thickness is nominated to be a 1/4 of the optical 
wavelength where maximum reflection is observed [14]. In view 
of the projection of a quarter wavelength layer of Si with a 
refractive index of n1  and light on a wavelength layer of λo, the 
thickness h1, which induces maximum reflection, is determined by 
[14]: 

ℎ1 =    
𝜆𝑜

4 𝑛1
                                                                                            (8) 

 

Figure 5: Six Si-SiO2 DBR reflectivity layers with various layer thicknesses.   

3.3. Refractive index contrast optimization  

Finally, Titanium dioxide is integrated as a direct substitution 
for Si, in order to examine the impact of refractive index contrast 
variation on the photonic-gap. TiO2 is chosen as an easily prepared, 
low-cost and efficient n-type semiconductor material, knowing 
that we have already investigated its refractive index 
experimentally in [28]. Manual as well as automated Dr Blade 
screen printing can be utilized, as a sol-gel method, to deposit thin 
film of TiO2 layer in micrometer range as previously discussed in 
[28]. In such context, diluted paste with isopropanol can be 
managed to tune the thin film thickness [27]. The large variation 
between the refractive index of TiO2, nearly 1.78, and that of Si, 

around 3.9 [26], negatively contribute to the detected width of the 
band-gap. This narrowing can be observed in Figure 6, as a 
reduced, less sharp optical band-gap with maintaining the number 
of layers in both DBRs under test.  

 

Figure 6: 125 nm, six layers Si-SiO2 and TiO2-SiO2 DBR reflectivity. 

3.4. Absorption profile simulation  

Towards more optical investigation in the DBR structure 
optimized in the previous versions, Comsol Multi-physics was 
utilized. Herein, six layers Si-SiO2 DBR modeled in the previous 
section were simulated. The electric field components are used to 
describe the absorption profile following the Poyting vector 
method illustrated in [8]. The demonstrated optical absorption 
profile shown in figure 7, at 550 nm, illustrates the trapping 
functionality of the DBR structure to trap light inside the active 
material seeking for optical path length elongation. Accordingly an 
enhancement of nearly 38% is recorded in the optical generation 
term. The simulation has been conducted over an optical 
wavelength range from 200 nm (UV-range) to 2000 nm (IR-range) 
with a peak at 550 nm.  

   

Figure 7: 125 nm, six layers Si-SiO2 absorption profile. 

3.5. Two-dimensional grating light trapping structure  

As shown in figure 8a, a 2D grating is characterized as 
structures that are periodic with a periodicity L in two-dimensions, 
(e.g. x-direction and y-direction), and are uniform in only one 
dimension (z-direction). We consider the propagation of incident 
light in the xz-plane. Since the structure considered is two-
dimensional, the reaction of the structures can be separately 
considered for the s-polarization, which has its electric field 
polarized along the y-direction, and for the p-polarization, which, 
as shown in figure 8b, has its magnetic field polarized along y-
direction. 

http://www.astesj.com/


G.A. Alsayed et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 951-958 (2020) 

www.astesj.com     955 

With a periodicity L of 1 µm, SiO2 thickness d2 of 100 nm, and 
an aspect ratio (a/b) of 1 (figure 8b), a 2D Si/SiO2 grating structure 
is simulated. The minimum x-direction dimension b = 500 nm is 
used to allow such a device to be fabricated in an area of 200 µm 
x 200 µm. Furthermore, another experiment was carried out in 
order to simulate the same structure but with aspect ratio of 2.4. 
The reflectance of this structure is shown in Figure 9 in the near 
infrared region with an optical band-gap. With respect to the DBR 
structure, this shifting in the optical band gap structure is due to the 
scaling up of the minimum dimension length from 50 nm to 500 
nm.                

 

 

Figure 8: (a) 3D schematic for the structures of 1D grating. (b) X-Z cross section 

for 1D grating structure. 

 

Figure 9: 1D grating structure with aspect ratio of 1 (red curve) and 2.4 (blue 

curve). 

4. Fabrication Process  

As mentioned in the introduction, one of our targets here is to 
fabricate thin film to validate our proposed optical model. Herein, 
thermal evaporator and spin coater are suggested to be used for this 

process, while UV-Vis spectrometer is used for the optical 
characterization purposes. 

The thermal evaporator consists of different subsystems. One 
of the subsystems is the vacuum chamber, the control valves, the 
vacuum pumps are integrated to satisfy the vacuum itself, and the 
gauges is utilized to evaluate the pressure level in the chamber. 
Another obvious subsystem is the filament and the current source 
required to heat the filament and to control its temperature. 
Another subsystem measures the thickness of the deposited film so 
that we can know when the targets are evaporating and when the 
film deposition is complete. A more trivial subsystem is the 
framework used physically to hold the substrates and to control 
whether the evaporated material reaches the substrates. 

The Spin coater is equipment enrolled in deposing thin films to 
flat surfaces substrates. A coating material, usually called 
suspension, is drooped in the center of the sample before starting 
the spinning process.  The sample is then rotated either in one step 
or multi-steps with a certain rotating speed and acceleration. This 
rotation produces the thin film with the aid of centrifugal force.   

The speed and the acceleration chosen play an important role 
in adjusting the thickness of the produced film. The used 
suspension is usually chosen to be easily evaporated and volatile. 
It is also worth to mention that not only the speed and acceleration 
of rotation tune the thickness but also the viscosity and 
concentration of the suspension. However, in principle, the faster 
the rotation speeds, the thinner the produced film. Typically, spin 
coater are used in deposing thin films of few nanometers thick to 
micrometers range such as the photoresist materials. 

For optical characterization, the UV-Vis spectrometer used to 
scan the ultraviolet to near infrared regions including the visible 
portion of spectrum. The basic setup of the UV-VIS spectrometer 
is consisting of a light source which includes two lamps. The first 
is a tungsten-halogen lamp for the visible and the near infrared 
(NIR) region.  For the UV region, the deuterium lamp is used A 
NIR and a visible light detector are used in detecting light. Finally, 
fibers optics cables are used to connect the source detectors and 
sample holder (cf. Figure 10). 

 
Figure 10: (a) Measuring reflectance using three terminals fibres cable. (b) 

Measuring reflectance using source/detector setup. (c) Measuring the transmission 

5. Experiential validation  

In order to validate order optical proposed model, experimental 
validation take place using thin film based samples. A thermal 
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evaporation process is used to evaporate a 70 nm of Ag on a highly 
P-doped Si wafer. The highly P-doped Si wafer is chosen to 
maintain its optical characteristics during the fabrication process. 
The thermal evaporation process is done under a current rate of 12% 
where the tooling factor was previously determined using a dektak 
profilometer and it was found to be 0.551. The output evaporation 
rate is 0.1 nm/sec. Then a characterization process takes place 
using UV-VIS spectrometer to measure the reflectance of the 
sample in the desired portion of the spectrum as shown in figure 
10. The effect of adding the collimating lens is also considered here 
showing a more accordance with the simulation results than the 
without collimating lens results. The simulation results shown here 
are based on our optical numerical model described in the previous 
section.   

The results shown in figure 11 is not only considered as a new 
validation step to our optical model but it can also be considered 
as a validation to the new suggested measurement setup of the UV-
VIS spectrometer with adding collimating lens. The results show 
that the adjusted lens doesn’t cause any undesirable effect in the 
wavelength portion of interest making it possible to use such a 
setup in measuring the reflectance of small area samples.      

 
Figure 11: Comparison between the simulated and the measured reflectance of a 

70 nm Ag thin film. 

A 40 nm thin film of SiO2 is deposited on a Si <100> wafer 
using thermal evaporator. The tooling factor is calculated and it 
was 0.1812 while the current rate is set to be 35%. It is observed 
that the current needed to evaporate SiO2 is much higher than that 
used for Ag, this is due to the high evaporating temperature of SiO2 
with respect to that of Ag. The evaporation rate is varying around 
0.01 nm/sec. The Reflectance of the thin film is measured using 
the UV-VIS spectrometer as observed in figure 12. The figure 
shows a high accordance between the numerical simulated and the 
measured reflectance. It was found that due to the high evaporating 
temperature of SiO2 (about 1800 oC); it is not efficient to evaporate 
thin film of SiO2 using thermal evaporation technique. As 
deposing thin film of SiO2 must be done by more than one iteration, 
due to the very low evaporating rate, which causes a poor 
uniformity of the surface. 

 

Figure 12: Comparison between the simulated and the measured reflectance of a 

40 nm SiO2 thin film. 

It’s worth to mention here that the optical validation process 
implemented on two sample of thin films behaving as optical filter 
showed perfect agreement with the data captured from our 
proposed optical model. However, the validation process 
demonstrated in this paper is limited to thin films samples due to 
constrain associated with photonic crystals fabrication. 
Accordingly, we consider the validation step with fabricated 
photonic crystal structure as a future extension of the current work.  

6. Discussions 

After the iterations used to optimize DBR structure the output 
for three steps of optimization that shown in section 3 and also take 
in consideration the previous measurement in [8], shown in figure 
13. By our requested of optimization modal, it is shown the 
suitable match. Our represented structure is suggested structure to 
back reflector of thin film of solar cells. This model of structure 
lead to optical band-gap in near infrared and far visible region, 
(from 800 nm to 1100 nm) the low absorption occurred at the layer 
of Si. We attribute such extended band-gap to the refractive index 
contrast with respect to the DBR shown in figure 5. This structure 
showed below describe the performance of non-absorbed photons 
which cannot escape from active layer, after that the light trapping 
occurred inside material. It is worth to mention that the height (y-
axis reflectance value) is inversely proportional to the optical band 
gap-width [16]. The higher the reflectance the lower the band-gap. 

 

Figure 13: 125 nm, six layers Si-SiO2 DBR verification with previously 

published data in [5]. 

A primary downside within the proposed silicon-slica DBR 
structure is that the nonappearance of metal which may act as a 
counter electrode. Consequently, another altered DBR structure 
with Indium tin-oxide (ITO) rather than Si can be suggested. 
Though, the proposed planned structure will lack of a condensed 
optical band-gap because of the less index of refraction distinction 
with the ITO-SiO2   DBR with respect to the optimized Si-SiO2 
DBR structure. Additionally, the proposed ITO-SiO2 DBR 
structure will show more refined fabrication process, particularly 
within the deposition of SiO2 layer the thin ITO layer. Regularly 
the SiO2 deposition is achieved by chemical vapor deposition 
(CVD) at moderately high temperature. Such testimony conditions 
might influence the ITO electrical properties yet as morphology. 

Fundamentally, Nano-lithography technology can be 
essentially used to fabricate higher dimensions (2D and 3D) 
photonic crystal structure.  In this manner, more refined 
manufacturing processes and costs would be expected. This 
specifically influences the cost of delivered energy (Wh/$) by 
TFSCs. An inclusive analysis showing the effect of the 1D, 2D, 
and 3D PCs structure in terms of cost versus increase in conversion 
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efficiency can be carried out as a future task. In principle, 
alternative low-absorption solar cells can be upgraded using the 
same light trapping process.  

7. Conclusion 

The optimization in DBR structure that represented in the paper 

depends on thickness of layers, refractive index contrast and 

number of layers. The optimization of DBR structure implement 

in two step, firstly analytical implantation by MATLAB and 

secondly verification by using Open-filter. In order to simulate the 

solar spectrum (AM1.5G), Gaussian sources and FDTD were used. 

By using 6 layers of Si-SiO2 of DBR as result of optimization, 

the band-gap occurred in 550 nm. This band-gap represents a 

massive potential in Si as reflected near-infrared of photonics and 

this reflection avoid light from escaping from material. After 

comparing between previous data that published and our 

simulation results, the suitable match was chosen. On another hand, 

TiO2 was examined as alternative of Si to observe the effect of 

changing refractive index in the optical band-gap. At the end the 

effect of adding metal layer of ITO on Si as substitution was 

discussed in this paper and released the effect of it on the optical 

band-gap. Additionally, 2D grating structure was also examined 

based on the developed optical mode, where transmission spectra 

were simulated. Fabricated thin films were utilized to validate the 

optical model while a perfect matching was recorded.  

The proposed optical model has showed a great potential in 

designing optimal 1D and 2D photonic crystal structures with a 

tunable optical band-gap varying from 400 nm to 700 nm capable 

of integrating in various solar cells applications. Moreover, the 

study investigates the optical absorption profile for various 

photonic crystals seeking for minimum parasitic absorption.   
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