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Development of Interdigitated Back Contact
Heterojunction Silicon Solar Cells by using
One-Dimensional Numerical Simulation

N. Berrouba-Tani, K. Ghaffour

Abstract—in this paper, we will present the (IBC-SiHJ) solar cells (interdigitated back-contact heterojunction silicon solar cells) that have both the emitter and
the complete metallization on the rear side. This eliminates the shading present in conventional solar cells, and the sunward surface and back-side of the solar
cell can therefore be independently optimized for optical and electrical performance, respectively. We use “PC1D", which is a simulator from software package.
PC1D is extensively used for modeling a lot of devices, and it is well suitable for modeling solar cells. One-dimensional numerical simulations were performed
to derive design rules for low-cost, high-efficiency of interdigitated back contact (IBC-SiHJ) solar cells on a low-cost substrate. So we study the influence of the
doping and the thickness of the front surface layer (FSF) and rear surface layer on the characteristics of an IBC solar cell, in order to obtain the optimal struc-

ture of these cells.

Index Terms—Heterojunction, Solar cell , Amorphous silicon, Crystalline silicon, interdigitated back contacts silicon heterojunction.

1 INTRODUCTION

One very promising high-efficiency solar cell concept is the interdigi-
tated back-contact heterojunction silicon solar cell [1], [2]. This type of
cell design has already been proven to be compatible both with high
efficiency [1] and large-scale production. Placing both negative and
positive contacts on the back side of the solar cell has a lot of ad-
vantages in a cell performance and applications over the convention-
al structures. Eliminating the front contact provides not only a poten-
tial to improve short circuit current but also the deposited of amor-
phous silicon (a-Si) layer give a better surface passivation, so a higher
open circuit voltage (Voc) [3]. Since the heterojunctions are on the
rear side, they can be optimized for electrical performance while the
front surface is designed for optimum optical performance. High-
quality front surface passivation is needed since most of carriers are
generated near the front surface while the collection heterojunctions
are on the rear side. A long diffusion length is required since the mi-
nority carriers in back contact solar cells have to travel a longer dis-
tance than those in the conventional screen printed solar cells before
they are collected.

This could simplify the heavy process of IBC-SiH]J cells and make
those high efficiency devices cheaper to fabricate. So, the patterning
is easier in heterojunctions than the diffuse junctions in conventional
a rear junction cells but in the IBC Si-H]J solar cells performances is up
to now mainly limited by a trade-off between Fill Factor (FF) and
Open Circuit Voltage (Voc) values. The rear emitter of such devices
can be fabricated with an a-Si:H buffer layer between the p-type a-
Si:H layer and the crystalline substrate. In this work, numerical simu-
lations of IBC-SiH]J devices are presented. A one-dimensional model
is established, for the optimization and evaluation of this kind of
structure (IBC-SiH]).
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In this paper, we investigated the effects of physical cell parameters
on the cell performance to implement the IBC structure into low-cost
substrates here, we focus on the front side and the rear side, or we
are going to study and discuss of the influence of physical and geo-
metrical parameters. So we also study the influence of the doping
and the thickness of the front surface layer (FSF) and rear surface
layer on the characteristics of a solar cell IBC-SiH]J, in order to obtain
the optimal structure of these cells.

2  STRUCTURE AND PHYSICAL MODELS

For our simulation we use “PC1D”, which is a simulator from soft-
ware package, it is for one-dimensional test structures. The schematic
diagram of the conventional IBC-SJH cell used for the simulation is
shown in Fig.1. The front structures of this structure of cell are tex-
tured, diffused with phosphorus, and passivated with SiN, respec-
tively. A gap of 80 pm between a-Si:H(p) (BSF) and a-Si:H(n) (emit-
ter) for the IBC-SHJ cell was assumed in order to eliminate the possi-
bility of shunting. The front surface recombination velocity and the
back surface recombination velocity on a-Si:H(n) emitter and a-
Si:H(p) (BSF) were fixed to 1000 cm/s for the IBC-SiH]J cell, which is
achievable by SiN or SiO2 passivation [4]. The key parameters used
for the modelling were the minority carrier lifetime, distance between
negative and positive grid fingers (pitch; P), and surface recombina-
tion velocity of the gap (Eg). That varied from 10 to 1000 cm/s. The
effect of contact opening width on the cell performance was investi-
gated.

A 50 pm p-type polished crystalline silicon wafer is used as the
substrate, corresponding to a doping density of 5.10'cm=? which is
acceptable (the goal being to keep good diffusion length for photo-
generated electrons. The front (illuminated face) is a-Si:H(p) and is
heavily doped (10" cm?). The rear face is highly doped a-Si:H(n)
(5.10cm?). As the recombination rate varies between 100-1000-10000
cm / s and lifetimes of minority carriers varies between 22-50. The
junction depth of the front face and the heterojunction in rear face are
fixed to 0.6pm. The relationship between the diffusion length of the
minority carriers and the thickness of the cell must be greater than
two for the interdigitated structure, is interesting in
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terms of conversion efficiency, which means that for a cell to 50 pm
we must have diffusion lengths exceeding 100pm [5], [6]. The doping
zones a-Si:H(n) and a-Si:H(p) to ensure the contacts are at least equal
to 5x10% cm? at the surface [7]. We defined two electrodes at the rear
of the wafer a n-type a-Si:H(n) emitter and an p-type amorphous sili-
con (a-Si:H) back surface field. The 50 pm wide region between the
two doped layers (gap region) is modelled with an insulator layer.
BSF and emitter are totally covered with aluminium metal. The de-
vice parameters used in the modelling were summarized in Tablel

TABLEL
PHYSICAL DEVICE PARAMETERS USED IN THE MODELLING

Cell parameters of IBC-SiHJ
Substrate (Si(p)) W =50 um
d=80pum
L =200 um
N = 5x10"°cm™®
Uniforme
Srav = 1000cm/s
earc = 80nm
n=2.05
Lp =100 pm
W =0.6 um
N = 5x10"° cm™®
Se=Sh=10" cm/s

Emitter (a-Si:H(n))

Wese = 0.6 um
FSF (p+) Xrse = 200 pm
Nese ::I.O19 cm's
Uniforme
W = 0.6 um
BSF a-Si:H(p) N =10°cm?®
Se=Sh=10"cm/s
Element dz symetriz
SN
A
FiF(p)
c-hilp)
W
a-5i:H(n) a-5i:H{n)
— — I — —
b g M

Fig. 1 Structure of interdigitated back contacts
silicon heterojunction ( IBC-SiHJ ) solar cell
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3 SIMULATION RESULTS

3.1. Study of I-V characteristics, P-V, and the response
spectral of interdigitated back contact crystalline silicon
solar cell

T T T
—a—Tay ——EE | )
-5 " i
oo \
»
- \ j i
” .
L]
_ iV
| ]

15 \\.__., 4

2D .II 4

s !

) |

30 . e J

= {I; CIE CI; EI4 EIE 0E
WVoltage (V)

Fig. 2 The |-V and P-V characteristics,
of (IBC-SHJ) solar cells

The results are:
Isc =30.8mA /cm? Voc = 635mV , pmax = 1.62W

ﬂzhzvmlm=FFXVocX‘]5c (1)
pin pin Pin
FF :VL"‘:‘X )
oc Xl g

Or FF =82.83%
This gives 1~ 20% of efficiency

3.2 The response spectral
The junction area p + p generates an internal electric field and
plays animportant role in the functioning interdigitated back con-
tacts crystalline silicon heterojunction solar cells. Indeed, it has four
effects on the performance of solar cells ( Push the electrons towards
the junction and improve the collection efficiency of carriers; Moti-
vate the trapping of minority carriers; Decrease in rear surfaces re-
combination of minority carriers; Increasing the optical absorption of.
part of the incident solar spectrum).

(Fig. 3) represents the internal quantum efficiency
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We note that increasing the junction depth of front surface layer de-
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Fig. 4. Influence of doping the front surface layer (FSF)

We note that the surface recombination velocity and doping of the
FSF (Front Surface Field) have a significant influence on the efficiency
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Fig.5. Effect of junction depth of the front surface layer
(FSF) on the efficiency the of IBC-SHJ solar cell
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Fig.6. Influence of doping the rear surface layer on the
efficiency of a (IBC-SHJ) solar cells

It can be said that this curve clearly shows the influence of the (c-
Si(p)/a-Si:H(n)) heterojunction of the solar cell back to the three dif-
ferent values of recombination velocity on the rear face.
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Fig.7. Effect of heterojunction depth of the rear surface
layer on the efficiency the of IBC-SHJ solar cell

We note here that an increase in the thickness of the rear junction
enhances the efficiency, and here in parallel with the increase in the
recombination velocity.
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4 CONCLUSION

In this paper, a one-dimensional simulation of interdigitated
back-contact heterojunction silicon solar cell IBC-SHJ solar cells has
been established by using PC1D. Optimizations of IBC-SH]J solar cells
were then discussed. the efficiency curves observed in experiments
were simulated, and three methods to improve efficiency (i) de-
creased thickness of front surface layer and decrease front surface
recombination velocity, (ii) increased doping (conductivity), and (iii)
increase thickness of rear surface .Finally, estimation of the potential
efficiency of the IBC-SHJ structure is addressed, and an efficiency of
19.75% for IBC-SH]J solar cells is potentially achievable.
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