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In this study we have presented an investigation, by using numerical simulation, the simultaneous 

impacts of the p nc-SiOx:H window layer band gap (Eg) and the back reflection (RB) on the photovoltaic 

performances of hydrogenated amorphous silicon (a-Si:H) solar cells. For simulation, we have used the 

AMPS-1D (One Dimensional Analysis of Microelectronic and Photonic structures) code. The modeling was 

carried out on two configurations of the studied cell, one without rear reflector (RB  0) and the other with 

rear reflector (RB  0.8). The simulated results showed that the best output parameters of the cell were ob-

tained in the case of the structure with rear reflector and when the value of the p-window layer band gap 

lies in the range from 2.05 eV to 2.10 eV. On the one hand, the values of the band diagram discontinuities 

on the conduction band levels ΔEC1 and ΔEC2 and on the valence band levels ΔEV1 (interface between the 

window layer and the buffer layer) and ΔEV2 (interface between the buffer layer and the active layer) are 

investigated to better understand the efficiency (Eff) variations as a function of the window layer Eg. On the 

other hand, it is also obtained that the spectral response (SR) is very sensitive to the window layer band 

gap variations in the wavelength range from 0.35 to 0.55 m for both cases. However, the spectral response 

decreases with the increase of Eg. Finally, the solar cell spectral response has improved in the wavelength 

range from 0.55 to 0.7 m, and the best efficiency value (Eff  11.43 %) was obtained in the case of the 

structure with rear reflector. 
 

Keywords: Solar cell, Hydrogenated nanocrystalline silicon oxide, Back reflection, Window layer band gap. 
 

DOI: 10.21272/jnep.11(2).02025 PACS numbers: 73.40.Lq, 78.20.Bh 

 

 

                                                             
* abbasbelfar@gmail.com 

1. INTRODUCTION 
 

Hydrogenated amorphous silicon (a-Si:H) is an at-

tractive material for photovoltaic (PV) solar energy 

applications. Due to the nature of the thin film and the 

capacity of the large area substrates, the solar cell 

based on a-Si:H has been considered as one of the low-

cost photovoltaic technologies. It has attracted many 

studies and continued a long and difficult road between 

initial laboratory study [1], industrial research and 

development production of PV modules [2-4]. Neverthe-

less, the low efficiency of the solar cell based on a-Si:H 

is mainly due to the poor transport of load carriers with 

a low mobility factor and lifetime () [5, 6], in particu-

lar, for the holes. However, the efficiency of the stable 

cell reaches the maximum at a much thinner i layer 

than the initial efficiency, and then decreases with the 

thickness of the same layer because the light-induced 

generation of defects leads to a high recombination rate 

[7]. Optically, it is necessary to increase the thickness 

of the i layer for a sufficient absorption of the light to 

generate a high density photocurrent, but electrically it 

is necessary to keep the i layer thin enough to ensure a 

high internal electric field to collect the photogenerated 

carriers and to avoid a serious degradation of the effi-

ciency induced by the light. Therefore, optimization of 

the efficiency of solar cells a-Si:H was confronted with a 

contradicted case. Therefore, to solve the optical and 

electrical contradictions, the use of a p-type window or 

buffer layer based on B-doped hydrogenated nanocrys-

talline silicon oxide (p-nc-SiOx:H) seems a good solu-

tion. The latter is characterized by a suitable refractive 

index and a wide band gap to reduce reflection in the 

front and minimize absorption in the p-layer, which is 

extremely important for ultra-thin solar cells [8]. 

The study carried out in this work was conducted on 

two solar cells of substrate type (n-i-p), one without 

rear reflector (RB  0) and the other with rear reflector 

(RB  0.8). The two cells are based on two materials, 

namely hydrogenated amorphous silicon (a-Si:H) and 

hydrogenated nanocrystalline silicon oxide (nc-SiOx:H). 

The simulation is focused on the investigation of the 

simultaneous effect of the p nc-SiOx:H window layer 

band gap (Eg) and the back reflection (RB) on the per-

formances of the solar cell. 

 

2. THE SIMULATED STRUCTURE AND  

SIMULATION MODEL 
 

Our simulated solar cell is considered deposited on 

a metal substrate that plays the role of back contact. 

For the front contact, a TCO (Transparent Conducting 

Oxide) layer has been deposited on the p window layer 

side. The structure consists of an intrinsic a-Si:H layer 

with a thickness of 300 nm sandwiched between a n-

Si:H layer with a thickness of 25 nm and a p-window 

layer based on hydrogenated nanocrystalline silicon 

oxide (p-nc-SiOx:H) with a thickness of 10 nm (Fig. 1). 

A p-nc-SiOx:H buffer layer with a thickness of 5 nm 

was incorporated between the p-window layer and the 

i-a-Si:H active layer. 

The AMPS-1D (One Dimensional Analysis of Micro-

electronic and Photonic structures) calculation code 

was used to simulate our solar cells. This software is 
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based on the simultaneous resolution of the Poisson 

equation coupled to the continuity equations of elec-

trons and holes at each position in the simulated struc-

ture. This resolution is performed by finite difference 

and Newton-Raphson methods. 

This code simulates the operation of the device tak-

ing into account the Shockley-Read-Hall (SRH) recom-

bination statistics. Numerical simulation also requires 

a model for the density of trapped states in the struc-

ture [9-12]. 

 
 

Fig. 1 – Schematic diagram of the simulated structure 
 

For the local state density present in the gap of 

amorphous silicon and hydrogenated nanocrystalline 

silicon oxide, the AMPS-1D code assumes the existence 

of two types of states, the acceptor states and the donor 

states. Both these donor and acceptor-like states con-

sisted of tail states and midgap defect states (dangling 

bonds). The tail states were approximated by the expo-

nential distribution. Whereas the midgap defects were 

modeled using two Gaussian distributions and are 

usually given as follows: 
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In these equations, NDG and NAG are the total num-

ber of states in the Gaussian (cm – 3), EDG and EAG are 

the energy position (in eV) of the Gaussian peaks, and 

    and     are the standard energy deviations (also in 

eV). AMPS-1D assumes that midgap states can be 

modeled using a donor level to represent the D+/D0 

dangling-bond configuration and an acceptor level to 

represent the D0/D– configuration [12, 13]. 

The AMPS-1D code requires two types of input pa-

rameters, electrical and optical. 

 

Electrical input parameters 
 

 Barrier height. The barrier heights of the front 

contact Φbo (TCO/p-window layer) and back con-

tact ΦbL (n layer/metal) were set at 1.45 eV and 

0.2 eV, respectively. 

 Electronic affinity (χ). χ is assumed to be differ-

ent for hydrogenated nanocrystalline silicon ox-

ide layers (p-nc-SiOx:H) and for layers based on 

hydrogenated amorphous silicon (a-Si:H). 

 Surface recombination velocities. The surface re-

combination velocities of electrons and holes 

were both equal to 1·107 cm/s. 

 Energies of the donor and acceptor states. For 

the p-nc-SiOx:H layers, we used the values of 

0.06 eV and 0.03 eV for the first p layer (win-

dow), and for the second p layer (buffer) the val-

ues of 0.05 eV and 0.02 eV were used as charac-

teristic energies for the donor and the acceptor 

states, respectively. 

All electrical parameters used in this simulation are 

shown in Table 1. 
 

Optical input parameters 
 

As a source of illumination, an AM 1.5 solar radia-

tion with a power density of 100 mW/cm2 was used. The 

light absorption coefficient, for the different layers was 

already incorporated in the AMPS-1D program. 

For the light reflection, the value of 0.2 was chosen 

for the front contact. For the back contact, two values 

were used: RB  0 for the structure without rear reflec-

tor and RB  0.80 for the structure with rear reflector. 

 

3. RESULTS AND DISCUSSION 
 

Study of the cell performances as a function of 

the p-nc-SiOx:H window layer band gap and the 

back reflection 
 

To investigate the effect of the p-nc-SiOx:H window 

layer band gap (Eg) on the performance of our solar cell 

described previously, we have varied the values of Eg 

between 1.90 eV and 2.25 eV. This simulation was 

conducted for two different values of the back reflec-

tion; RB  0 (absence of a rear reflector) and RB  0.8 

(presence of a rear reflector). 

The simulation results are shown in Fig. 2. In the 

latter we have illustrated the variations of the four cell 

output parameters, namely, the short-circuit current 

(JSC), the open circuit voltage (VOC), the fill factor (FF) 

and the conversion efficiency (Eff). 

It can be seen that the value of JSC (Fig. 2a) de-

creases with the increase of the window layer band gap. 

However, the presence of the rear reflector (RB  0.8) 

improves the value of the short-circuit current JSC. This 

improvement of JSC is obviously due to the presence of 

a rear reflector, which leads to the improvement of the 

spectral response (SR) presented in the Fig. 3. Knowing 

that, the expression of Jsc is given as follows: 
 

     ∫  (
( )

 )*   ( )+  ( )          (3) 

 

where QE() is the quantum efficiency; R() is the re-

flection coefficient from the top surface; Φ() is the 

photon flux incident on the solar cell at wavelength . 

The integration is carried out over the whole range of 

wavelengths  of light absorbed by the structure. 
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From Fig. 3, we can see that the spectral response is 

less stable in the wavelength range of 0.35 m up to 

0.55 m for both cases. It is also clear that in this wave-

length range the spectral response is very sensitive to 

variations of the window layer band gap (Eg). However, 

the spectral response decreases with the increase of Eg. 

We can also see that the spectral response of the solar 

cell has improved in the wavelength range from 0.55 to 

0.7 m in the case of the structure with a rear reflector. 

The open-circuit voltage (VOC) variations are shown 

in Fig. 2b. In both cases, the value of VOC increases 

from 0.905 V to 0.945 V when the value of Eg increases 

from 1.90 eV to 2.10 eV. Beyond 2.10 eV, the VOC de-

creases gradually. However, the VOC is very little af-

fected by the presence or not of a rear reflector. 

The fill factor (FF) presented in Fig. 2c is also very 

little affected by the gap variations of the window layer. 

The efficiency (Eff) variations as a function of Eg of 

the window layer are also illustrated in Fig. 2d. It is 

clear that the efficiency has a better value for a window 

layer band gap ranging from 2.05 eV to 2.10 eV. Beyond 

2.10 eV, the value of the efficiency starts to decrease 

with increasing Eg of the window layer. 

To better understand the reasons for improving the 

cell efficiency as a function of Eg of the window layer for 

values ranging from 2.05 to 2.10 eV, we have plotted 

the energy band diagrams in Fig. 4. From the latter, we 

calculated and grouped in Table 2 the values of the 

band diagram discontinuities on the conduction band 

levels ΔEC1 and ΔEC2 and on the valence band levels 

ΔEV1 (interface between the window layer and the buff-

er layer) and ΔEV2 (interface between the buffer layer 

and the active layer). 

From Table 2 it is clear that the values of ΔEC1 and 

ΔEC2 are invariable and they serve as beneficial mirrors 

for the reflection of the electrons that move towards the 

front contact. However, ΔEV2 (interface between the 

buffer layer and the active layer) has a low value and 

invariable. On the other hand, ΔEV1 (interface between 

the window layer and the buffer layer) is variable, de-

pends on the window layer band gap (Eg) and takes a 

very low value of 0.02 eV for an Eg equal to 2.05 eV, 

snce ΔEV1 and ΔEV2 are barriers for holes which move 

towards the front contact. However, these low values 

promote and facilitate the collection of photogenerated 

holes at the front contact; this explains why the effi-

ciency of the cell is better for Eg equal to 2.05 eV. 

  

 

 
Fig. 2 – Variations of the JSC (a), VOC (b), FF (c) and efficiency with p-nc-SiOx:H window layer band gap (Eg) (d) 
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Fig. 3 – External quantum efficiency for the simulated structure for two values of the back reflection RB  0 (a) and RB  0.8 (b) 

 

The abbreviations used in this Table are the following: εr is 

the relative dielectric permittivity, L is the film thickness, χ is 

the electron affinity, Eg is the energy band gap, e, h are the 

mobilities of electrons and holes; ND, NA are the doping donors 

and acceptors; NC, NV are the effective densities of states in 

the conduction and valence bands; NDG, NAG are the Gaussian  

 

 

 

Fig. 4 – Energy band diagram of the simulated solar cells when 

the p-nc-SiOx:H window layer band gap is Eg  1.9 eV (a), 

Eg  2.05 eV (b), Eg  2.20 eV (c) 
 

Table 1 – Material parameters used for AMPS-1D simula-

tions at room temperature 
 

Parameters 
p nc-

SiOx:H 

p nc-

SiOx:H 
i-a-Si: H n-a-Si:H 

εr 11.9 11.9 11.9 11.9 

L (nm) 10 05 300 25 

Χ (eV) 3.76 3.78 3.80 3.80 

Eg (eV) Variable 2.05 1.72 1.72 

NC (cm–3) 1023 1023 2.5·1020 2.5·1020 

NV (cm–3) 1023 1023 2.5·1020 2.5·1020 

e (cm2V–1S–1) 5 7 20 10 

h (cm2V–1S–1) 0.5 0.7 2 1 

NA (cm–3) 2·1019 5x1018 0 0 

ND (cm–3) 0 0 0 1019 

GDO/GAO(cm–3eV–3) 1022 1022 2·1021 2·1021 

ED/EA (eV) 0.06/0.03 0.05/0.02 0.04/0.02 0.05/0.03 
 

densities for donor and acceptor states; GDO, GAO are the expo-

nential pre-factors of donor-like and acceptor-like tail states; 

ED, EA are the characteristic energy of the donor-like/acceptor-

like tail states [14-16]. 
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Table 2 – Band discontinuities extracted from the energy and 

diagram of the simulated structure at thermodynamic equilibrium 
 

Eg (eV), 

window layer 

ΔEC1, 

(eV) 

ΔEC2, 

(eV) 

ΔEV1, 

(eV) 

ΔEV2, 

(eV) 

1.90 0.1 0.17 0.1 0.01 

2.05 0.1 0.17 0.02 0.01 

2.20 0.1 0.18 0.2 0.01 

 

4. CONCLUSIONS 
 

The study carried out in this work was conducted on 

two solar cells of substrate type (n-i-p), one without a 

rear reflector (RB  0) and the other with a rear reflec-

tor (RB  0.8). For this, we have used the AMPS-1D 

code to investigate by numerical simulation the simul-

taneous effect of the p-window layer (based on hydro-

genated nanocrystalline silicon oxide) band gap (Eg), 

and the presence of a rear reflector, in the structure, on 

the solar cell performances. The simulation results 

showed that the best output parameters, like the short-

circuit current (JSC), the open-circuit voltage (VOC), and 

the efficiency (Eff) can be improved with the presence of 

a rear reflector (RB  0.8). It is obtained that the effi-

ciency improvement is due essentially to the short-

circuit current improvement. However, the value of the 

conversion efficiency was improved from 10.45 % 

(structure without a rear reflector) to 11.43 % (struc-

ture with a rear reflector), when the Jsc value was 

improved from 13.16 mA/cm2 (for RB  0) to 

14.40 mA/cm2 (for RB  0.8). The latter best values of 

JSC and efficiency were obtained when the p-window 

layer band gap was equal to 2.05 eV. 
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Одночасний вплив ширини забороненої зони віконного шару p-nc-SiOx:H та зворотного 

відбиття на характеристики сонячних елементів на основі a-Si:H 
 

Abbas Belfar, Mohammed Belmekki, Ferroudja Hammour, Hocine Ait-Kaci 
 

Laboratory of Plasma Physics, Conductor Materials and their Applications, Faculty of Physics,  

Oran University of Sciences and Technology Mohamed Boudiaf USTO-MB, BP1505 Oran, Algeria 

 
У роботі представлені результати чисельного моделювання одночасного впливу ширини заборо-

неної зони віконного шару p-nc-SiOx:H (Eg) і зворотного відбиття (RB) на фотогальванічні характерис-

тики сонячних елементів з гідрогенізованого аморфного кремнію (a-Si:H). Для моделювання ми вико-

ристали код AMPS-1D (одномірний аналіз мікроелектронних і фотонних структур). Моделювання 

проводилося на двох конфігураціях досліджуваного елементу, одна без заднього відбивача (RB  0), а 

інша із заднім відбивачем (RB  0.8). Результати моделювання показали, що найкращі вихідні пара-

метри елементу були отримані у випадку структури з заднім відбивачем і коли значення ширини за-

бороненої зони р-вікна лежить в діапазоні від 2.05 еВ до 2.10 еВ. З одного боку, значення розривів на 

зонній діаграмі рівнів зони провідності ΔEC1 and ΔEC2 і рівнів валентної зони ΔEV1 (межа поділу між 

віконним шаром і буферним шаром) і ΔEV2 (межа поділу між буферним шаром і активним шаром) до-

сліджені для кращого розуміння варіацій ефективності (Eff) як функції Eg віконного шару. З іншого 

боку, отримано, що спектральна характеристика (SR) дуже чутлива до коливань ширини забороненої 

зони віконного шару в діапазоні довжин хвиль від 0.35 до 0.55 мкм для обох випадків. Проте спектра-

льна характеристика зменшується зі збільшенням Eg. Нарешті, спектральна характеристика соняч-

них елементів покращилася в діапазоні довжин хвиль від 0.55 до 0.7 мкм, а найкраще значення ефе-

ктивності Eff  11.43 % було отримано у випадку структури з заднім відбивачем. 
 

Ключові слова: Сонячний елемент, Гідрогенізований нанокристалічний оксид кремнію, Зворотне від-

биття, Заборонена зона віконного шару. 
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