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I. INTRODUCTION 
 The amorphous/crystalline silicon (a-Si/c-Si) hetero-junction (HJ) solar cell is one of the most 

interesting technological solutions for the photovoltaic market due to their high stability, high conversion 

efficiencies and low temperature processing which leads to a fabrication cost reduction in comparison with the 

high temperature diffused homo-junction technology [1,2]. The original design was developed by SANYO Ltd. 

using n-type substrate as the absorber for the Hetero-junction with intrinsic thin-layer (HIT) solar cell [3]. High 

efficiency a-Si:H/c-Si HJ solar cells based on n-type Czochralski Si wafers have been successfully introduced 

by Sawada et al. in 1994 [4]. However, high bulk and surface recombination rates are known to limit the open-

circuit voltage and to reduce the fill factor of photovoltaic devices. 

 The carrier transport and photovoltaic properties of these solar cells are significantly affected by band 

offset and interface defects [5-6-7]. Different techniques for obtaining a high quality interface can be used 

including bandgap grading and passivation of the interface states by chemical HF etching, atomic hydrogen 

treatment, and deposition of an a-Si:H passivation layer [8-9-10]. Surface passivation of the c-Si wafer is one of 

most important steps to obtain higher minority carrier lifetime and open circuit voltage. A very high open-circuit 

voltages Voc can be achieved by excellent surface passivation properties of the thin hydrogenated amorphous 

silicon (a-Si:H) films which can be grown by plasma-enhanced chemical vapor deposition (PECV) at low 

temperatures (200℃). 

 For single crystalline silicon solar cells, high energy conversion efficiency has been demonstrated 

using passivation. A higher conversion efficiency of 24.7% was obtained with a thin wafer of 98 μm [11]. The 

surface defects at the c-Si/a-Si:H interface decreases by inserting an intrinsic a-Si:H(i) buffer layer leading to a 

significant optimization of the device. The commonly passivation schemes in photovoltaic applications use 

silicon dioxide (SiO2) [12-13], silicon nitride (SiNx) [14-15], and amorphous silicon carbide (a-SiC:H) [21-22].  

 In this paper, we will present numerical simulations for the stacked TCO/ p-type a-Si:H/ buffer/n-type 

c-Si/buffer/n-type a-Si:H/Al hetero-junction (HJ) silicon solar cells and discuss their possibilities and 

limitations. The analysis of microelectronic and photonic structure (AMPS) program has been utilized to 

analyze the characteristics of photovoltaic devices by simulations [19]. The influence of the emitter layer, 

intrinsic layer and crystalline Si layer on the solar cell performance is investigated by means of modeling and 

numerical computer simulations for different parameters. The films with boron content higher than 

3x10
20

atoms/cm
3
 were excluded in this work because at about this concentration the optical and structural 

properties start to change significantly. In particular, the hydrogen concentration and band gap decrease as the 

boron concentration increases in that range [17]. 
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II.  LAYER STRUCTURES MODEL 
 AMPS-1D is a very general computer simulation code developed by a group from Pennsylvania State 

University for analyzing and designing two terminal structures [19]. The one-dimensional device simulation 

program AMPS-1D solves the Poisson’s equation and the electron and hole continuity equations by using finite 

differences and the Newton-Raphson technique. The structure solar cell models have been designed and 

analyzed the performance in respect to the Voc, Jsc, FF and efficiency by incorporating the material parameters 

into AMPS-1D. 

 In this work, the hetero-structure is a stacked structure of TCO/ a-Si:H(p)/ buffer/ c-Si(n)/buffer/ a-

Si:H(n)/Al layer, is investigated. A schematic diagram of this device is shown in Fig. 1. The transparent 

conductive oxide (TCO) layer is deposited on top of the structure in order to increase the collection and to 

perform the antireflection layer. The value of TCO is chosen to obtain the highest quality solar cells. The 

application of the TCO layer provides a less resistive path to transport photo-generated charge carriers to the 

metal contacts. The resistively of ITO is as low as 2.3x10
-4

 Ω-cm and optical transmittance in the visible 

wavelength range above 90%. Moreover, a key advantage of ITO is that it is physically stable and chemically 

inert [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A thin amorphous intrinsic buffer layers (5nm) is inserted at the amorphous/c-Si interface to suppress 

the carrier recombination at this junction. The back contact is realized by an hetero-junction c-Si(n)/a-Si:H(i)/a-

Si:H(n+). 

 In this way a very low recombination rate at back contact occurs and a better collection is obtained. 

Each layer of the device has been described by a set of parameters to define semiconductor properties. 

In particular we take into account the thickness, doping level, absorption coefficient, energy gap, electron 

affinity, density of states (DoS) inside the gap and other amorphous and c-Si properties which have been 

assumed on the basis of literature [7-18]. The parameters used in each layer of the simulated solar cells are 

summarized in Table I. 
Material Parameters a-Si:H(p+) 

 
a-Si:H(i) 

 
a-Si:H(n+) 

 
c-Si(n) 

Thickness (nm)  

Dielectric constant 
Electron affinity(eV) 

Band gap(eV) 

Effective conduction band density (cm-3) 
Effective valence band density (cm-3) 

Electron mobility (cm2 V-1 s-1) 

Hole mobility(cm2 V-1 s-1) 
Acceptor concentration (cm-3) 

Donor concentration (cm-3) 

Band tail density of states (cm-3eV-1) 

Characteristic energy(eV)for donors, acceptors 

Capture cross-section for donor states, e, h (cm2) 

Capture cross-section for acceptor states, e, h (cm2) 
Gaussian density of states NDB (cm-3) 

Gaussian peak energy(eV) donors, acceptors 

Standard deviation (eV) 
Capture cross section for donor states, e, h (cm2) 

Capture cross-section for acceptor states, e, h (cm2) 
 

5-20 

11.9 

3.9 

1.72 

2.50x1020 

2.50x1020 

10 

1 

1x1018 - 1x1022 

0 

2x1021 

0.06, 0.03 

1x10-15,  1x10-17 

1x10-17,  1x10-15 

8x1017,  5x1020 

1.22, 070 

0.23 

1x10-14, 1x10-15 

1x10-15, 1x10-14 

5-20 

11.9 

3.9 

1.72 

2.50x1020 

2.50x1020 

20 

2 

0 

0 

2x1021 

0.06, 0.03 

1x10-15, 1x10-17 

1x10-17, 1x10-15 

8x1015,  8x1017 

1.22, 070 

0.23 

1x10-14, 1x10-15 

1x10-15, 1x10-14 

5-20 

11.9 

3.9 

1.72 

2.50x1020 

2.50x1020 

10 

1 

0 

1x1018 - 5x1022 

2x1021 

0.06, 0.03 

1x10-15, 1x10-17 

1x10-17, 1x10-15 

8x1017,  5x1020 

1.22, 070 

0.23 

1x10-14, 1x10-15 

1x10-15, 1x10-14 

5x104-5x105 

11.9 

4.05 

1.12 

2.80x1019 

1.04x1019 

1350 

450 

0 

1x1015 - 1x1019 

1x1014 

0.01, 0.01 

1x10-15, 1x10-17 

1x10-17, 1x10-15 

 

 

 

 

 

 

 

TCO ϕ=5.2eV 

a_Si :H(p+) 

Thickness 5nm 

Buffer layer 

Thickness 5nm 

 

c_Si(n) 

Thickness 50μm 

Buffer layer 

Thickness 5nm 

a_Si :H(n+) 

Thickness 10nm 

Al 

 
Fig. 1. Schematic diagram of our best cell structures 

parameters used in AMPS program. 

  

structure: (a)withanintrinsicthinamorphouslayer 

 



25% efficiency amorphous/crystalline heterostructure solar cells based on n-type crystalline silicon 

| IJMER | ISSN: 2249–6645 |                    www.ijmer.com                           | Vol. 6 | Iss. 2 | February 2016 | 56 | 

 The states are modeled using the defect pool model for the carrier recombination in the a-Si:H bulk and 

at the a-Si:H/c-Si interface (Table II). The dangling bonds are represented by two Gaussian type functions, 

which correspond to the donor like (+/0, positively charged to neutral transition) and the acceptor like (0/−, 

neutral to negatively charged transition) of the amphoteric dangling silicon bonds [3-16]. Both of these acceptor 

and donor like states consist of exponential band tail states (Urbach tails) and Gaussian mid-gap states (silicon 

dangling bonds). 

 
Material Parameters c-Si(n) Interface defect density a-Si:H/c-Si 

Midgap density of states in c-Si (cm-3eV-1) 
Switch-over energy(eV) 

Capture cross-section for donor states, e, h 

(cm2) 

Capture cross-section for acceptor states, e, h  

1x1011 

0.56 

1x10-15,  1x10-17 

1x10-17,  1x10-15 

Thickness (nm) 

Total interface density of states Dit (cm-2) 

Capture cross-section for donor states, e, h 

(cm2) 

Capture cross-section for acceptor states, e, h 

(cm2) 

3 

1x109-1x1013 

1x10-15,  1x10-17 

1x10-17,  1x10-15 

Table II. Defect parameters. 

 

 For the crystalline silicon, defect density is chosen as single defect at 0.56 eV with a total density of 

interface sates Dit of 1.10
11

cm
-2

. Surface recombination velocities of the electrons and holes were set as 

1.10
7
cm/s. The light reflection on the front and back contact was set to be 0.1 and 1, respectively. 

 

III. RESULTS AND DISCUSSION 
III.1. Effect of silicon film thickness 
 For numerical simulations, parameters of Table I were used in AMPS-1D program  for our TCO/ a-

Si:H(p)/ buffer/ c-Si(n)/buffer/ a-Si:H(n)/Al hetero-structure solar cells at one sun (100 mW/cm² light intensity) 

and 25°C. The simulation cell results as function of c-Si(n) layer thickness which is varied in the range of  

5 × 104 nm to 5 × 105 are displayed in Fig. 2.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The results show the dependencies of solar cell performances on the thickness of the c-Si(n) layer for 

the Heterojunction structure. As it can be seen, the best thickness for the c-Si(n) layer is obtained with the value 

of 5 × 104 nm which is thick enough for absorbing light. 
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Fig. 2. Current density Jsc, Open-circuit voltage Voc, Fill Factor FF and conversion 

Efficiency as function of the c-Si(n) layer thickness. 
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III.  2. Effect of silicon film doping concentration 
 In order to find the best parameter fitting values for the c-Si(n) doping concentration layer and its 

effects on the heterostructure solar cells, Fig. 3 and Fig. 4 are drawn by varying the concentration from 

1.10
15

cm
-3

 to 1.10
19

cm
-3

. The efficiency increases from 24.603%  at 1.10
15

cm
-3

 to attain the maximum value of 

24.641% at 5.10
16

cm
-3 

and decreases when the doping concentration is larger than this value. As a result of this 

observation, the doping concentration of c-Si (n) layer has been chosen as 5.10
16

 cm
-3

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.  3. Effect of p-type and n-type layers thickness 

 The Heterojunction solar cells with different a-Si:H(p+) and a-Si:H(n+) layers thicknesses from 5nm to 

40nm and with a 10 nm a-Si:H(i) intrinsic buffer layer at the interface were simulated. As shown in Fig. 5, the 

current density Jsc is strongly enhanced when the thickness of a-Si:H(p+) layer is decreasing, whereas the 

maximum open-circuit voltage Voc value is limited at 10nm. The FF values are independent of the p-layer 

thickness when the value is larger than 10nm and attain the maximum value at 5nm. The reduction of the emitter 

thickness results in an increase of the efficiency up to 24.687%. The Jsc decreases from 32.983mA/cm
2
 to 

32.258mA/cm
2
 while emitter thickness increases from 5nm to 40 nm. 

 The Voc increasing is due to the surface passivation improvement for thicker a-Si:H (i) layers while the 

JSC is decreasing with increasing a-Si:H(i) layer thickness. The cause for the short circuit current decreasing is 

the higher absorption and the absorption losses in the front TCO. The Jsc, Voc, FF and conversion efficiency are 

influenced only little by the a-Si:H(n+) layer thickness.   
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Fig. 5. Current density Jsc, Open-circuit voltage Voc, Fill Factor FF and conversion  

Efficiency as function of the a-Si:H(p+) and a-Si:H(n+) layer thickness. 
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Fig. 3. Current density Jsc and Open-

circuit voltage Voc as function of the c-si(n) 

layer doping concentration. 
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III.  4. Effect of p-type and n-type doping concentrations layers 
 Fig. 6 shows the dependency of solar cell parameters on the doping concentration of the p-layer and n-

layer for our cell structure. We can see that when the doping concentration of a-Si:H(p+) increases, the 

efficiency also increases but the optimal value which can be choose is 5x10
19

cm
-3

 because a larger acceptor 

concentration than this is difficult to obtain in the laboratory [11]. The optical and structural properties start to 

change significantly about a concentration of 3x10
20

cm
-3

.The optimal Voc value of 0.896V and FF of 84.2% are 

obtained for this acceptor concentration value. In contrast, the current density Jsc decreases only about 1% from 

33.02mA/cm
2
 to 32.946mA/cm

2
.  

 Due to the passivation effect of i-layer, the fill factor can be further increased. This effect can be shown 

in Fig. 7 where the FF and Efficiency are plotted as function of i-layer thickness. Thus the efficiencies of our 

best heterostructure solar cells using n-type substrates can reach 25.021%, the Fill Factor value 0.844, the Jsc 

32.948mA/cm
2 
and the Voc 0.899V. 
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Fig. 6. Current density Jsc, Open-circuit voltage Voc, Fill Factor FF and conversion  

Efficiency as function of the a-Si:H(p+) and a-Si:H(n+) layer thickness. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

      Fig. 7. Current density and conversion efficiency as function of the a-Si:H(i) layer thickness. 
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Voc, Fill Factor (FF) and efficiency. As it can be seen, high open-circuit voltage Voc of 0.899V is achieved and 

efficiency up to 25.021% is obtained.  

 Fig. 9 shows the Quantum Efficiency (QE) spectra of the best simulated heterojunction silicon solar 

cells as function of the wavelength. For the short wavelength range from 300nm to 500nm, losses increases due 

to the significant optical absorption in the a-Si emitter layer. However, the spectral response is very high at the 

wavelength between 500 and 800 nm. Thus, the QE loss in the blue region of the Si hetero junction solar cell 

using a n-type substrate is very low. The QE decreases again for the long wavelength region (> 800 nm) due to 

the back surface recombination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 
 In this work we focus on amorphous/crystalline heterostructure solar cell based on n-type crystalline 

wafer. The influence of various parameters on the solar cell performance was investigated using AMPS 

simulation program under AM1.5 solar spectrum and at room temperature. A particular choice of optimal values 

parameters for this layers device leads to our best TCO/ a-Si:H(p)/ a-Si:H(i)/ c-Si(n)/ a-Si:H(i)/ a-Si:H(n)/Al 

hetero-structure solar cells. A high photovoltaic conversion efficiency of 25.021% can be reached and an open-

circuit voltage Voc value of 0.899V will be obtained. 
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