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In this work, a Heterojunction with Intrinsic Thin layer (HIT) n-c-Si solar cell: Indium Tin Oxide
(ITO)/hydrogenated p-doped amorphous silicon (p-a-Si:H)/hydrogenated intrinsic polymorphous silicon (i-
pm-Si:H)/n-doped crystalline silicon (n-c-Si)/Aluminum (Al) has been optimized. Using solar cell
capacitance simulator (SCAPS-1D), we have studied the effect of defect density in the bulk (V) and at the
surface (Nss) of the n-c-Si active layer on the current density-voltage (J-V) characteristic (open-circuit
voltage, short-circuit current density, Fill Factor and efficiency). To calculate the values of N, we have
taken the average between the density of states Gmg located in the band gap (U-shaped model) and the
total density of states Ni: (Urbach tails) that we have multiplied by the thickness of the defective layer. We
have shown that for a defective surface thickness of 32 A between hydrogenated polymorphous silicon and
crystalline silicon (i-pm-Si:H/n-c-Si), the density of states Gmg located in the band gap and the density of
states Niw: at Urbach tails must be equal to 3.5:1017 cm -2 and 2.8-1017 cm -3, respectively (using U-shaped
model). We conclude that the surface of the active layer must be passivated so as to have Ny less than
101! cm -2. Then, the lifetime of the minority carriers in the active layer (n-c-Si) must be greater than 1 ms.
Indeed, an efficiency of 22.08 % was obtained for Nss = 101 cm -2, 7= 5 ms.
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1. INTRODUCTION

Heterojunctions with amorphous hydrogenated
silicon and crystalline silicon (a-Si:H/c-Si) are a very
active research area for photovoltaic applications.
Indeed, HIT (Heterojunction with Intrinsic Thin layer)
solar cells have been the subject of much attention
through theoretical and empirical studies due to their
high energy conversion efficiency and relatively simple
structure [1-6]. HIT solar cells have advantages over
other crystalline silicon photovoltaic technologies in
terms of low cost and low temperature (200 °C) process
of a-Si:H [7-9]. Sanyo (Japan) reported that a conversion
efficiency of up to 24.7 % for HIT solar cells was achieved
in 2013 [10]. In 2019, a record efficiency of up to 26 %
was achieved [11]. However, the energy efficiency of
silicon-based solar cells under unconcentrated solar
radiation could reach 30 %. In order to produce high
efficiency HIT solar cells, several parameters must be
understood and carefully optimized. Our study focused
on the impact of defect density in the bulk (Vi) and at
the surface (IVss) of the crystalline silicon active layer on
the current density-voltage J-V characteristic. A nume-
rical modelling was carried out using solar cell capa-
citance simulator SCAPS-1D, which is a one-dimen-
sional solar cell simulation software developed at the
Department of Electronics and Information Systems (EIS),
University of Gent, Belgium, and used for numerical
analysis of solar cells [12-14]. This software examines
the performance of semiconductor device structures
under steady state in one dimension by simultaneously
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solving the Poisson equation and the continuity
equations for free electrons and free holes using finite
differences and the Newton-Raphson method [15].

2. PRESENTATION OF THE HIT N-C-SI SOLAR
CELL

The studied HIT n-c-Si solar cell consists of the fol-
lowing stack: Indium Tin Oxide (ITO)/hydrogenated p-
doped amorphous silicon (p-a-Si:H)/hydrogenated intrin-
sic polymorphous silicon ({-pm-Si:H)/n-doped crystalline
silicon (n-c-Si)/Aluminum (Al) represented in Fig. 1.

This cell consists of a substrate of n-doped
crystalline silicon (n-c-Si), on the front face of which,
intrinsic polymorphous silicon (i-pm-Si:H) is deposited.
This intrinsic layer is specific to HIT cells. It allows the
modelling of surface defects existing at the p-a-Si:H/n-c-
Si interface. Then, a layer of p-doped amorphous silicon
is deposited to constitute the emitter (p-a-Si:H) with a
thickness of 50 A. An anti-reflective layer (Transparent
Conductive Oxide (TCO)) based on ITO is deposited on
p-doped amorphous silicon to form the front contact.
Finally, a layer of metal consisting of aluminum is
deposited on the active n-c-Si layer to form the rear
face. Our study focused on the impact of defect density
in the bulk (V;) and at the surface (Nss) of the crystalline
silicon active layer on the photovoltaic parameters
(short-circuit current density, open-circuit voltage, Fill
Factor and efficiency).

The principal parameters of each layer are sum-
marized in Table 1.
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Fig. 1 - Structure of a HIT n-c-Si (ITO/p-a-Si:H/i-pm-Si:H/
n-c-Si/Al) solar cell

Table 1 - Principal parameters of different layers use for the
simulation

Parameters [ p-a-Si:H [ i-pm-Si:H |Defective n-c-Si| n-c-Si
d (um) 0.005 0.005 0.0032 300
7 (eV) 3.90 3.90 4.22 4.22
E,(eV) 1.72 1.96 1.12 1.12
Na(cm-3) 1019 0 0 0
Np (cm-3) 0 0 1017 1017
N: (cm-3) 1021 1013 variable variable
Ep (eV) 0.01 0.01 0.01 0.01
Ea(eV) 0.01 0.01 0.01 0.01
tin (cm?/Vs) 20 30 1450 1450
1 (cm?/Vs) 5 10 450 450
Nc, Nv(cm~-3)| 1020 2 1020 1010 1019

3. RESULTS AND DISCUSSION

We have plotted the recombination rate under
100 mWem—2 of AM1.5 light, as a function of the position
in the device for two defect density values (V; = 1020 cm —3
and 103 c¢cm~—3) in the active layer (n-c-Si). The surface
defect density Nss is taken equal to 100 cm-2
(Niot = 3.5:10'7 cm =3, Gmg = 2.81017 cm 3, d = 32 A).
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Fig. 2 - The recombination rate as a function of the position
in the device for N;=10cm-3 and 103 cm-3. The surface
defect density Ns = 1010 cm -2

We can see from Fig. 2 that the recombination rate
increased in the active layer of our device when we
increased the defect density V:. This increase is directly
linked to the reduction of the carrier lifetime 7 in the
active layer. Indeed, according to Eq. (1) [16], the
recombination rate is inversely proportional to the
carrier lifetime 7:
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p (n) represents the density of free holes (electrons)
under 100 mWem -2 of AM1.5 light, po (no) represents
the density of holes (electrons) at thermodynamic
equilibrium, R represents the recombination rate in the
active n-c-Si layer.

We have varied the defect density NV; as a function
of the carrier lifetime 7 in the active layer. In
agreement with Eq. (3.1), the obtained results (from
Fig. 3) show that an increase in N; decreases the
carrier lifetime 7. This decrease will have a detrimental
effect on the output parameters of the studied n-c-Si
solar cells.
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Fig. 3 — The carrier lifetime 7 as a function of the defect
density N.. The surface defect density Ne = 1010 cm -2

Fig. 4 represents the photovoltaic parameters under
illumination of the ITO/p-a-Si:H/i-pm-Si:H/n-c-Si/Al
structure as a function of the defect density N:. The
surface defect density Nss is taken equal to 100 cm 2.

Indeed, from Fig. 4, all photovoltaic parameters
decrease with the increasing of defect density IV; in the
active layer of the studied cell. The Vo drops from 0.66
to 0.64 V, the Js from 40.32 to 31.29 mA/cm?2, the FF
from 82.60 to 82.51 % and 7 from 22.04 to 16.71 %. The
degradation of the efficiency can be explained by the
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Fig. 4 - Plots of the open-circuit voltage Vi (a), short-circuit
current density Ji (b), Fill Factor FF (c) and efficiency 7 (d) of
the HIT n-c-Si solar cell as a function of N; with Ny = 101° cm -2

J. NANO- ELECTRON. PHYS. 13, 06001 (2021)

density of states Gmg located in the band gap (U-shaped
model) and the total density of states Nw: (Urbach tails)
that we have multiplied by the thickness of the
defective layer [18]. We obtained the five tables below.

Table 4 — Calculation of the efficiency of the HIT n-c-Si solar
cell as a function and

of Np

Nss =102 cm -2

(Niot = 3.5:1017 cm =3, Gmg = 2.8-1017 cm -3, d = 32 A)

Nss (cm —2) N; (cm —3) 7 (ms) 1 (%)
1010 10 17.09

2.1010 5 17.08

" 10" 1 17.03
1012 0.1 16.54

1013 0.01 15.03

1014 0.001 13.01

Table 5 — Calculation of the efficiency of the HIT n-c-Si solar

cell as a

function

of Nt

and

7.

Nss =108 cm -2

(NVeot = 351017 cm ~3, Gmg = 2.8-1017 cm -3, d = 32 A)

Nss (cm—2) N; (cm —3) 7 (ms) 1 (%)
1010 10 14.78

2.1010 5 14.77

1015 1011 1 14.72
1012 0.1 14.30

1013 0.01 12.98

1014 0.001 11.22

Table 2 — Calculation of the efficiency of the HIT n-c-Si solar

cell as a

function

of N;

and =

N =101 cm -2

(Nt = 3.5:1017 cm =3, Gmg = 2.8:10'7 cm -3, d = 32 A)

Nss (cm —2) N; (cm —3) 7 (ms) 1 (%)
1010 10 22.09

2.1010 5 22.08

Lot 101! 1 22.01
1012 0.1 21.37

1013 0.01 19.40

1014 0.001 16.71

Table 3 — Calculation of the efficiency of the HIT n-c-Si solar

cell as a

function

of N;

and =

Nss =101 cm -2

(Nt = 3.5:1017 cm -3, Gmg =2.8-1017 cm -3, d = 32 A)

Nss (cm —2) N; (cm —3) 7 (ms) 1 (%)
1010 10 19.57

2.1010 5 19.56

Lot 101 1 19.49
1012 0.1 19.94

1013 0.01 17.22

1014 0.001 14.91

fact that an increase in N: causes a decrease in the
minority carrier lifetimes. Thus, these charge carriers
will recombine because they do not have enough time
to be collected. We then analyzed the variation of N
(surface defect density), N: and 7 compared to the
efficiencies of our n-type HIT structure. To obtain the
values of Ny, we have taken the average between the

By analyzing Table 2-Table 5, we can conclude that
to have a good efficiency, the surface of the active layer
must be passivated so as to have a defect density N
less than 10! cm - 2. Then, the lifetime of the minority
carriers in the active layer (n-c-Si) must be greater
than 1 ms. Indeed, an efficiency of 22.08 % was
obtained for Nss = 1019cm -2, 7= 5 ms.

4. CONCLUSIONS

In this article, we have studied the deep impact of
the defect density in the bulk (INss) and at the surface
(IVy) of the crystalline silicon active layer on the short-
circuit current density, open-circuit voltage, Fill Factor
and efficiency. The studied solar cell is a HIT n-c-Si
(ITO/p-a-Si:H/i-pm-Si:H/n-c-Si/Al). We have shown that
to have high-quality HIT solar cells, it is important to:

1. Reduce the recombination rate at the interface
(i-pm-Si:H/n-c-Si), and this by reducing the surface
defect density Nss of this defective layer. The surface of
the active layer must be passivated so as to have a Nss
less than 10! cm ~2. For this, the density of states Gumg
located in the band gap must be equal to 3.5-:1017 cm —3
and the density of states Nw: must be equal to
2.8:1017cm — 3.

2. Reduce the recombination rate in the bulk of the
active layer (n-c-Si), and this by increasing the lifetime
of the minority carriers (z must be greater than 1 ms).

All these optimized parameters can be obtained
during the experimental elaboration of the n-c-Si active
layer.
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Bruiue rycruHn nedekTiB Ha COHAYHI eJIeMeHTH n-c-Si Ha OCHOBI rerepomnepexony
3 BHYTPIIIHIM TOHKUM HIapom

Z. Dahlal!, F. Hamdache!, D. Rached!, W.L. Rahal23

L Laboratoire de Physique des Plasmas, Matériaux Conducteurs et Leurs Applications,
US.T.O.M.B. - B.P. 1505, El M’naouar, Oran, Algérie
2 Laboratoire d’Analyse et d’Application des Rayonnements, U.S.T.O.M.B. — B.P. 1505, El M'naouar, Oran, Algérie
3 Département de Physique, Faculté des Sciences Exactes et de I'Informatique, Université Abdelhamid Ibn Badis de
Mostaganem, Algérie

Y poboTi OIITHMI30BAHO COHSYHHI €JIEMEHT n-C-S1 Ha OCHOBI TeTepolepexoay 3 BHYTPINIHIM TOHKUM
mapom (HIT): oxcun imgio 1 omoBa (ITO)/rimporenisoBanmit p-jeroBaHuil amopHuit kpemHiin (p-a-Si:H)/
TiIPOTeHI30BaAHUI BJIacHUN mosriMopdHuit kpemHiN (1-pm-Si:H)/n-neropanuit kpucramivyaniit KpemHii (n-c-
Si)/amominizn (Al). 3a momomoromo cumyJsisTopa eMHOCTI coHauHux eaeMeHTiB (SCAPS-1D) mMu BuBUmMIN
BILIUB rycTuHu AederTiB B 00'emi (V) 1 Ha nmoBepxHi (INss) AKTHBHOTO IIAPY COHSYHOIO €JIEMeHTa n-c-Si Ha
XapaKTepUCTUKY T'yCTUHH cTpyMmy Big Hanpyru (J-V) (Hampyra XoJsiocToro Xoiy, IyCTUHA CTPYMY KOPOTKOIO
3aMUKaHHA, KoeillieHT 3aloBHEHHA Ta e(eKTUBHICTD). JJisa oburcieHHsa sHaYeHb Ny MU B3N CEPEIHE
Mi%K TYCTHUHOIO CTaHIB Gmg, po3ramoBanux y 3aboporeniit 30ui (U-momibHa Mo/1esib), 1 3arajbHO0 TYCTHHOK
crauiB N (xBoctr Ypbaxa), AKy MU MOMHOKIJIM HA TOBIMUHY JedeKTHOro rmapy. Mwu mokasamnu, mo s
TOBIIMHU Jed)eKTHOI IT0BepxHI 32 A wmix TiIPOTreHi30BaHUM MOJIMOP(MHUM KPEMHIEM 1 KPHUCTAIYHUM
kpemuiem (i-pm-Si:H/n-c-Si) ryctuna craniB Gmg, posTamioBaHux y 3a00poHeHi 30Hi, 1 rycTuHa cTadiB Nio B
xBoCTl Ypbaxa MOBMHHI JOpIBHIOBATH BiAmoBigHO 3,5-1017 cm~2 1 2,8-10'7 cm -3 (BuropucToByouu U-mmomi6Hy
Momesib). MoskHa 3poOMTH BHCHOBOK, IO ITOBEPXHIO AKTHBHOIO IMAPY HEOOXI1THO ITaCHBYBATH TaK, OO
orpumatu Nss menmre 101! cm-2. Toxl gac KUTTS HEOCHOBHUX HOCIIB B akTWBHOMY mmapi (n-c-Si) mae Oytu
6ispire 1 mc. Jliticuo, muist Ngs = 1010 em—2 ta 7= 5 mc orpumano KKJT 22,08 %.

Knrouori cioBa: CoHsiuHMIT esleMeHT Ha OCHOBI rereporepexofy 3 BHyTpimHiM ToHKHM Imapom (HIT),
Kpewmmniit, I'ycruna nedexris, SCAPS-1D, Xaparrepucrura ryctusu ctpymy Big Hanpyru (J-V).
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