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Abstract

This work presents a comparative numerical simulation between p and n- type substrate of the heterojunction
with intrinsic silicon solar cell. The first heterojunction with intrinsic in silicon solar cell is composed with 100
um of silicon p-type wafer with 1,5.10*® cm™ acceptor concentration, and the second heterojunction with
intrinsic in silicon structure is composed with 100 um of silicon n-type wafer with 1,5.10* cm™ donor
concentration, The effective average electron and hole lifetime for the substrate p or n considered in our
modeling they are equal. A high photovoltaic efficiency conversion is about 21.43% for p-type wafer and 22.8%
for n-type wafer was obtained.
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Résumé

Ce travail présente une comparaison par simulation numérique entre les deux cellules solaires a
hétérojonction en silicium, la premiéere avec substrat de type p et la deuxieme avec substrat de type n. La
premiére cellule solaire a hétérojonction de silicium est composée de 100 um de substrat de silicium de type
p avec une concentration de 1,5.10% cm3, et la seconde cellule est composée de 100 um de substrat de
silicium de type n avec une concentration de 1,5.10% cm™. Un rendement de conversion photovoltaique
élevée d'environ 21,43% pour le silicium de type p, et de 22,8% pour le silicium de type n a été obtenu.

Mots-clés : Silicium, Hétérojonction, Cellule solaire.
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1. Introduction

Today the technology of electricity production from solar
photovoltaic cells a promising way for the development of
our country.

The numerical modeling and simulation is increasingly used
in many technological and scientific sectors. Numerical
modeling has been applied to silicon solar cells since the
early days of computer modeling and has recently become
widely used in the photovoltaic’s industry [1].

The software calculation codes generally use the finite
element method. This method solves the partial differential
equations, which correspond to the mathematical laws of
simulated physical phenomena(2](3].

The hetrojunction of silicon solar with intrinsic thin layer of
amorphous silicon cell named HIT is promoter for cells with
high photovoltaic conversion efficiency [4][5].

The HIT silicon solar cell consist of an n or p-doped c-Si
crystalline silicon base and a Very thin layer of amorphous
silicon (a-Si) of the p or n type, this type of cell, has a low
temperature  deposition process (<200°C) and the
symmetrical structure of HIT cells can suppress thermal and
mechanical stress during its production process and results
in an advantage for thinner crystalline silicon wafers [6].

We propose in this work a contribution to the modeling and
simulation by comparative study between p an n-type
substrate of heterojunction with intrinsic thin layer silicon
solar cell.

2. Solar cell modeling

The modeling and simulation in 1D using AFORS-HET is
based on the numerical solution of the three fundamental
equations of charge transport in semiconductors in one
dimension. Which are respectively the Poisson equation and
the continuity equation for electrons and holes. In AFORS
Het the Poisson equation is expressed by the following
relationship [7]:

ot agx(x) p(X)=n(x)+Ng—No+ 3 p ()

defects

Along with:
Acceptor defect density is:

p(x)=— [dE f(E,x) N,(E)
Donor type defect density is:
= [dE (1-f(E,x)) N(E)

€o : absolute dielectric constant.
g, : relative dielectric constant.
@: electrostatic potential.

q : electron charge.

n/p : electron/hole.
Nb /Na: concentrations of the donors/acceptors.

The charge stored in the defects is described by a
distribution function ft.

The continuity equations are expressed by :

For electrons:

LB 6, 0-R, 00 ~Sn(x
For holes:

1 0j,(x) 0

NG LN ORI
Along with:

Jnp is the electron current density and holes.
Gn,pis the generation rate of electron and hole.
Rn,pis the rate of recombination electron hole.

The densities of carriers are calculated by the model Drift-
Diffusion, this model Is based on the expression of electron
and hole densities Jn, J, following [8]:

b=t S5 = AT
jp(x):qﬂpp(x)aEgX(X) ) _ﬂquT 8pa(xx)_ pp(x)%(x)

Fnpthe Fermi levels.
Mn,p mobilities of elecrons and holes.

In the case of modeling and simulation in equilibrium or
stationary calculation mode, the time t disappears in the
partial derivatives, which leads to a simplified system of
differential equations with functions dependent only on the
position x.

The boundary conditions using in simulation by AFORS-
HET[9]:

e the electrostatic potential at x=0:

(p(O) = ¢front - ¢back Ve
in(0)=as™" (n(0)-n,, 0))
5 (0)=-45 " (p(0)~ pey(0))
e the potential at x=L:
o(L)=0
i (L) =—gS2* (n(L) - ng, (L))

(L) =08 (p(L)- peq(L))

Where:
L : thickness of the cell between front and back
contact.
¢ : metal work function.
Vext : applied voltage.
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X: affinity in eV.
E, :band gap.

AFORS-Het solves numerically the one-dimensional
semiconductor equations with the appropriate boundary
conditions in order to transform the coupled partial
differential equations into a set of nonlinear algebraic
equations by the finite difference method with discretization
by the iteration algorithms Newton-Raphson, and leads to a
nonlinear system with simple Jacobian structure that can be
solved efficiently by the Newton-Raphson technique[7][10].

3. Solar cell definition

The physical parameters of the HIT cell p-type substrate to
be simulated under the AFORS-HET 1D software are given in
Table I:

Parametres c-Si(p) a-Si(n) a-Si(p)
Thickness 100um 5nm 5nm
Dielectric constant 11.9 11.9 11.9
Electron affinity (eV) 4.05 3.9 3.9
Bandgap (eV) 1.12 1.72 1.72
Effective  conduction | 2.8x10%° 10%° 10%°
band density(cm™3)

Effective valence band | 2.6x10%° 10%° 10%°
density(cm3)

Electron 1041 20 20
mobility(cm?V-1s?)

Hole 412 5 5
mobility (cm?V-1s?)

Acceptor 1.5x10% 0 6.8x10%°
concentration(cm?3)

Donor 0 6.8x10%° 0
concentration(cm?3)

Thermal velocity of | 107 107 107
electrons(cm s?)

Thermal velocity of | 107 107 107
holes (cm s?)

Layer density(g cm?) 2.328 2.328 2.328
Auger recombination | 2.2x10% 0 0
coefficient for

electron(cm®s?)

Auger recombination | 9.9x1073? 0 0
coefficient for
hole(cm® s)

Tableau I: physical parameters of HIT p-substrate

The physical parameters of HIT silicon solar cell with n-type
wafer are given in the following table:

Paramétres c-Si(n) a-Si(n) a-Si(p)
Thickness 100pm 5nm 5nm
Dielectric constant 11.9 11.9 11.9
Electron affinity (eV) 4.05 39 3.9
Bandgap (eV) 1.12 1.72 1.72
Effective conduction | 2.8x10% 10% 10%°
band density(cm3)

Effective valence | 2.6x10% 10%° 10%°
band density(cm3)

Electron 1041 20 20
mobility(cm?V-1sT)

Hole mobility 412 5 5
(cm2Vist)

Acceptor 0 0 6.8x10%
concentration(cm3)

Donor 1.5x10%° 6.8x10* | O
concentration(cm-3)

Thermal velocity of | 107 107 107
electrons(cm s)

Thermal velocity of | 107 107 107
holes (cm s-1)

Layer density(gcm-3) | 2.328 2.328 2.328
Auger recombination | 2.2x1031 | O 0
coefficient for

electron(cm®s?)

Auger recombination | 9.9x10- 0 0
coefficient for | 32

hole(cm® s?)

Tableau II: physical parameters of HIT n-substrate

The thin film (5 nm) of a-Si(i) is used for surface passivation
between crystalline silicon and amorphous silicon p or n-
type in our structure.

The structure of heterojunction with intrinsic silicon solar
cell p and n-type wafer are shown in figure 1.
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Fig.1. Structure of HIT silicon solar cell p and n-type

In order to simulate the current characteristic or current
density as a function of the voltage (J-V), a configuration is
appropriate for the simulation conditions (solar spectrum
AM1.5, illumination = 100 mW /cm?, temperature of 27 ° C).

4. Results

Figure 2 shows the band diagram of HIT solar cell with p-
type substrate:
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Fig.2. band diagram between a-Si(n) and c¢-Si(p) of HIT silicon
solar cell.

The band offsets of Ec and E, at interface between a-Si(n)
and c-Si(p) are presented in figures (see fig2 and 3) and their
value are:

Offset Ec=0,15 eV.

Offset E,=0,45 Ev.
Offset Ec+ offset Ey= Eg5-E,“°.[11]

Figure 3 shows the band diagram of HIT solar cell with n-
type:
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Fig.3. band diagram between a-Si(p) and c-Si(n) of HIT silicon
solar cell.

The boundary conditions used in our simulation to plot J-V
characteristic are as follows:

Electrical potential is set zero at the front contact.

External voltage Ve it varied in the range of [0,
0,9V] with a pith of 0,0230V.

The simulation is carried under STC conditions in DC_MOD:
Front illumination with ASTMG173_AM1.5.
Absolute temperature T=300K.

Figure 4 shows the simulation results for the J-V and P-V
characteristics of HIT silicon solar cell with p-type wafer:
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Fig.4. J-V and P-V characteristics of HIT silicon p-type
substrate.
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The electrical performances of HIT silicon solar cell with p-
type substrate are:

Open circuit voltage Voc=719,7 mV.

Short circuit of current density J«=36,42 mA/cm?.
Fill factor FF=81,75%.

Conversion efficiency Ex=21,43%.

Figure 5 shows the simulation results for the J-V and P-V
characteristics of HIT silicon solar cell with n-type wafer:
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Fig.5. J-V and P-V characteristics of HIT silicon n-type
substrate.

The electrical performances of HIT silicon solar cell with n-
type substrate are:

Open circuit voltage Vo=709 mV.
Short circuit of current density Js=51,72mA/cm?.
Fill factor FF=62,17%.

Conversion efficiency Ef=22,8%.

The spectral response (SR) makes it possible to evaluate the
quantum efficiency of a solar cell as a function of the
wavelength of the incident light. This measure consists of
illuminating the solar cell with a monochromatic spot which
is varied in the absorption range between 300 and 1100 nm
for the crystalline silicon.

Figure 6 shows the simulation results for the spectral
response of HIT silicon solar cell with p and n-type wafer.
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Fig.6. spectral response of HIT silicon p and n-type substrate.

The external and internal quantum efficiency thus gives the
percentage of electrons participating in the photocurrent in
relation to the number of photons that have actually been
absorbed in the cell[12].

Figure 7 shows the external quantum efficiency of HIT solar
cell with p and n-type wafer:
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o o o
ES = o
1 1 1

external quntum efficiency

o
)
!

0,0 T T T T 1
400 600 800 1000 1200

wavelenght (nm)

Fig.7. external quantum efficiency

Figure 8 shows the internal quantum efficiency of HIT solar
cell with p and n-type wafer:
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Fig.8. internal quantum efficiency

In the range of the short wavelength (UV), the HIT silicon
solar cell with n-type has better light absorption compared
to HIT silicon solar cell with p-type (see figure 7 and 8).

5. Conclusion

In our work by numerical simulation we obtained a good and
high photovoltaic efficiency conversion (up 20%) whether
for heterojunction with intrinsic silicon solar cell p or n-type.
On the other hand HIT with p-type wafer achieved a good fill
factor is about 81.75%, compared a HIT n-type wafer
(62.17%).
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