MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 13 No 6, 06002(4cc) (2021)

JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 13 No 6, 06002(4pp) (2021)

Comparative Study of the Influence of pc-Si:H, a-Si:H, pm-Si:H and pc-SiOx
as a Passivation Layer on the Performance of HIT n-c-Si Solar Cells

Z. Dahlal!, F. Hamdachel, D. Rached!, W.L. Rahal23*

1 Laboratoire de Physique des Plasmas, Matériaux Conducteurs et Leurs Applications,
U.S.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, Mostaganem, Algérie

(Received 26 February 2021; revised manuscript received 01 December 2021; published online 20 December 2021)

One of the most important factors limiting the performance of Hetereojunction with Intrinsic Thin
layer (HIT) c-Si solar cells is the defect density on the surface of crystalline silicon. A numerical model-
ling has been employed in order to choose the most efficient material as a passivation layer in a HIT c-Si
solar cell. We have chosen for this study the following materials: hydrogenated microcrystalline silicon
pe-Si:H (Egiye-sin = 1.40 eV), hydrogenated amorphous silicon a-Si:H (Egi.asin = 1.84 V), hydrogenated
polymorphous silicon pm-Si:H (Egipmsin = 1.96 eV) and hydrogenated microcrystalline silicon oxide pc-
Si0::H (Egiue-siox = 2.5 V). The simulation results show that the improvement of the electric field at the
emitter with the use of pc-Si:H and a-Si:H as a passivation layer makes the power conversion efficiency
of the HIT c-Si to increase from 25.42 to 26.34 %. The creation of a potential barrier for photogenerated
holes at i-pm-Si:H/n-c-Si and pc-SiOx/n-c-Si junctions drops the efficiency from 23.87 to 3.10 %. This bar-
rier prevents the passage of photogenerated holes towards the emitter which leads to a strong recombi-
nation rate of electron-hole pairs and therefore to a decrease in power efficiency. With a band gap of
1.84 eV, hydrogenated amorphous silicon a-Si:H is the most appropriate candidate for the elaboration of
a passivation layer on the surface of crystalline silicon for this type of solar cells.
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1. INTRODUCTION The results of the numerical modelling are obtained

. . . Lo . using solar cell capacitance simulator SCAPS-1D.
A HIT (Heterojunction with Intrinsic Thin layer)

silicon solar cell was first designed and named by
Sanyo Co. Ltd (now Panasonic Co. Ltd) in 1991 [1].
This solar cell is composed of a c-Si silicon wafer as an
active layer and ultra-thin amorphous silicon layers as
a passivation layer and an emitter. The main ad-
vantages of HIT solar cells are their fabrication at low
temperature (200 °C), as well as high stable efficiency
of crystalline silicon (c-Si) [2-5].

The excellent properties of crystalline silicon allow
the HIT solar cell to have an efficiency equal to 26.6 %
[6]. Despite the presence of defects in the amorphous
matrix, which cause losses affecting the performance of
photovoltaic cells (due to the nature of the material gap
[7]), materials based on intrinsic hydrogenated amor-
phous silicon (a-Si:H) are excellent as a passivation
layer between an absorber layer (n-doped crystalline
silicon) and an emitter (p-doped hydrogenated amor-
phous silicon).

In this study, we will compare the quality of surface
passivation with several amorphous materials to im-
prove the efficiency of such a solar cell. These materials
are: hydrogenated microcrystalline silicon pec-Si:H
(EgipesiH = 1.40 eV), hydrogenated amorphous silicon
a-Si:H (Egiasin = 1.84 eV), hydrogenated polymor-
phous silicon pm-Si:H (Egipmsin=1.96eV) and
hydrogenated microcrystalline silicon oxide pc-SiOx:H
(Egipe-siox = 2.5 eV) [8, 9].
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2. INPUT PARAMETERS OF THE STUDIED
SOLAR CELL

The structure we proposed to study in this work is a

HIT n-c-S1 (ZnO/p-pe-Si:H/i-puc-Si:H/n-c-Si/n*-c-Si/Al)
solar cell shown in Fig. 1.
TCO (Top contact)
p-ue-Si:H
Thickness = 5 nm
i-puc-Si:H

Thickness = 5 nm

n-c-Si
Thickness =300 pm

n*-c-Si (BSF)
Thickness 1 pm
Metal (Back contact)

Fig. 1 - Schematic diagram of a HIT n-c-Si solar cell

The 300-micron thick n-doped c-Si substrate acts as
an absorber. Although it is possible to make HIT cells
on a p-type substrate [10], we have focused in this arti-
cle on HIT cells on an n-type substrate. At the top of
the device, we have chosen zinc oxide (ZnO) with a
work function equal to 5.2 eV as a transparent conduct-
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ing oxide [11]. At the back of the cell, we have used
aluminum as a metal with a work function equal to
3.9 eV [12]. The emitter consists of p-doped hydrogen-
ated microcrystalline silicon (uc-Si:H). The addition of
an intrinsic pc-Si:H layer to the c-Si surface is essen-
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tial. Without this passivation layer, the concentration
of recombination centers is so high that the generated
electron-hole pairs (EHP) in the absorber recombine
before being extracted from the cell. The parameters
used in our simulations are grouped in Table 1 [8, 9].

Table 1 - Principal input parameters of the HIT n-c-Si solar cell

Parameters | Units | p-uc-Si:H | i-pc-Si:H | i-a-Si:H | i-pm-Si:H | 1-uc-SiOx | n-c-Si | n*-c-Si (BSF)

d um 0.005 0.005 0.005 0.005 0.005 300 1

E, eV 1.40 1.40 1.84 1.96 2.50 1.12 1.12

V4 eV 4 4 4 3.95 3.67 4.22 4.22

Nc¢, Ny cm-—3 2.1020 2.1020 2.1020 2.1020 2.1020 1019 1019

Hn cm?/Vs 32 32 20 20 32 1450 1450

Up cm?/Vs 8 8 4 12 8 450 450

Np cm-3 0 0 0 0 0 1017 1021
Na cm-3 1019 0 0 0 0 0 0

Nt cm~3 102! 1014 1014 1014 1014 1010 1010

To compare the quality of the passivation layer of
such a solar cell, we have used various materials. The
parameters used for the structure as well as materials
as a passivation layer (a-Si:H, pm-Si:H and uc-SiOx) are
based on the values taken from the literature [8, 9].

3. SIMULATION MODEL

To accomplish our study, we used the SCAPS one-
dimensional numerical simulation software (Solar Cell
Capacitance Simulator) [13-15]. Developed by the De-
partment of Electronic and Computer Systems (ELIS)
at the University of Gent in Belgium, SCAPS-1D was
originally designed for the CIS, CdTe and CIGS family
cells. However, a number of extensions have been de-
veloped to become applicable to crystalline c¢-Si and
amorphous a-Si:H solar cells.

SCAPS-1D simultaneously solves the Poisson equation
(Eq. (3.1)) and the continuity equations for free electrons
and free holes (Eq. (3.2) and Eq. (3.3)) using finite differ-
ences and the Newton-Raphson method [16]
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where W(x) is the electrostatic potential, p(x) is the
space charge density in the semiconductor, (x) is the
dielectric permittivity of the semiconductor, Jx(x) is the
electron current, Jy(x) is the hole current, ¢ is the elec-
tron charge, G(x) is the net optical generation of free
electron-hole pairs per unit volume, R(x) is the net
recombination of free carriers per unit volume.

4. RESULTS AND DISCUSSION

Under illumination AM 1.5 and at a temperature of
25 °C, we obtained for a HIT n-c-Si composed of pc-Si:H
as a passivation layer (Egiycsin = 1.40 eV): short-circuit
current density Jsc = 39.31 mA/em2, open-circuit voltage
Voe=0.79V, Fill Factor FF =81.26 and efficiency

n=25.41%. Fig. 2 shows the evolution of the band
diagram of this cell.

The results of modeling the current-voltage curves
J-V at 100 mWem -2 of AM 1.5 light, as a function of
pe-Si:H, a-Si:H, pm-Si:H and pc-SiOx as a passivation
layer, are shown in Table 2.

According to Table 2, the efficiencies of cells formed
from pc-Si:H and a-Si:H increase from 25.41 to 26.34 %,
while for those made up of pm-Si:H and pc-SiOx, the
efficiencies drop. They are equal to 23.87 % and 3.10 %,
respectively. Vo and Js follow the same drift as the
efficiency 7. In fact, Voc goes from 0.82 to 0.79 V and oJsc
goes from 39.37 to 39.31 mA/cm?2.

For cells made of a material with a wide band gap
(i-pc-SiOx), Voe drops to 0.68 V and Jsc to 32.12 mA/cm?2.

Fig. 3 shows the electric field variation for i-pc-Si:H,
i-a-Si:H, i-pm-Si:H and i-pc-SiOx materials used as a
passivation layer in a HIT n-c-Si solar cell. An im-
provement in this electric field clarifies the increase in
7, Voe and oJsc for cells made from i-a-Si:H but does not
provide information on a decrease in these parameters
for cells made from i-pm-Si:H and i-pc-SiO.. We can
notice from Fig. 4 a decrease in the recombination rate
of EHP created in the active layer (n-c-Si). This de-
crease had a negative impact on the J-V characteristic.
Indeed, in addition to the fall of Vo and Js, the FF
drops from 81.28 to 14.18 %.
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Fig. 2 — Schematic band diagram of a HIT n-c-Si solar cell:
ZnO/p-pc-Si:H/i-pe-Si:H/n-c-Si/n*-c-Si/Al  (Egiye-sin = 1.40 eV)
under solar illumination
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Table 2 — Photovoltaic parameters of a HIT n-c-Si solar cell
with pe-Si:H, a-Si:H, pm-Si:H, pc-SiO. as a passivation layer

Voe (V) Jse (mA/cmz) FF (%) n (%)
i-pc-Si:H 0.79 39.31 81.26 | 25.42
i-a-Si:H 0.82 39.37 80.95 | 26.34
i-pm-Si:H 0.82 39.21 73.56 | 23.87
1-pc-SiOx 0.68 32.12 14.18 3.10
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Fig. 3 — The electric field for i-pc-Si:H, i-a-Si:H, i-pm-Si:H and
i-puc-SiOx materials used as a passivation layer in HIT n-c-Si

cells as a function of position in the device
—=&— j-puc-Si:H
—&— i-uc-Siox

1E19

1E18 |-
L]
L]

1E17

Recombination rate (cm'3 5'2)

1 1 1 1
0,1 1 10 100

Position (cm)

Fig. 4 — Plots of the recombination rate of a HIT n-c-Si solar cell:
ZnO/p-pc-Si:H/i-pe-Si:H/n-c-Si/n*-c-Si/Al and ZnO/p-pc-Si:H/i-
pe-Si0./n-c-Si/nt-c-Si/Al as a function of position in the device

Following these results, we have plotted the energy
band diagram of HIT n-c-Si solar cells for i-pc-Si:H and
i-uc-SiOx materials used as a passivation layer.

We can notice from the schematic energy band dia-
gram under illumination (Fig. 5) the creation of a po-
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tential barrier for photogenerated holes at the i-pc-
SiOs/n-c-Si junction. This barrier at the level of the
valence band will prevent holes from passing to the
emitter, which involve a great recombination of EHP
and consequently a drop in the efficiency to 3.10 %.
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Fig. 5 — Schematic of the energy band diagram of HIT n-c-Si
solar cells: ZnO/p-pc-Si:H/i-pc-Si:H/n-c-Si/n+-c-Si/Al and ZnO/
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5. CONCLUSIONS

In summary, several materials have been used as a
passivation layer in HIT c-Si solar cells. The efficiency
of cells with i-pc-Si:H and i-a-Si:H increases from 25.41
to 26.34 %, while for cells made up of i-pm-Si:H and
i-uc-SiOy it drops from 23.87 to 3.10 %, respectively. An
improvement in the electric field explains the increase
in the J-V characteristic for a cell made from i-a-Si:H.
A decrease in the recombination rate of EHP created in
the active layer (n-c-Si) had a detrimental effect for
cells with a wide band gap as a passivation layer (i-pm-
Si:H and i-pe-SiOx). A large pc-SiOx gap causes the
creation of a potential barrier for photogenerated holes
at the 1-pc-SiOx/n-c-Si junction, thus preventing the
passage of holes towards the emitter, which leads to
strong recombination of EHP and therefore a decrease
in efficiency.
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IMopieuansue mocaigsxenns BBy uc-Si:H, a-Si:H, pm-Si:H Ta pc-SiOx ak macusymodoro mapy
Ha MPOAYKTHUBHICTH cousunux eaementis HIT n-c-Si
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OnHuM 3 HAWBAKJIMBIIINX (DAKTOPIB, K1 00MEIKYIOTh IPOLYKTHBHICTD COHAYHUX €JIEMEHTIB ¢-Si Ha 0CHO-
Bl rereporepexony 3 BHyrpimHIM ToHruM IrapoMm (HIT), e rycruna nedexrti Ha moBepXHI KPUCTAIIHOIO
KpeMHip. YncesibHe MOIEIIOBAHHSA 0yJI0 BUKOPHUCTAHO I BUOOPY HANOLIBIN e(DeKTUBHOTO MaTepiay sk Ia-
cuByIOUoro mapy B couauroMy esiementi HIT c-Si. Jla mocoimpxeHHA My BUOpAId TaKl MaTepiasm: Tiapore-
HizoBaHMH Mikpokpucramuyanit kpemHii pc-Si:H (Egiyesin = 1,40 eV), rinporeHisoBaHuil aMoppHUN KpeMHii
a-Si:H (Egi.asin = 1,84 eV), rigporenizopanuii nomimopduuii kpemuit pm-Si:H (Egipm-sin = 1,96 eV) i rigpo-
reHi30BaHUM MikpokpucTamyHuil okcul kKpeMHio pc-SiOxH (Egiucsior = 2,5 eV). Pesynbratu mMomemoBaHHsS
TOKAa3yI0Th, 10 IIOCUJIEHHS eJIEKTPUYHOIO II0JIsI HA BUIIPOMiHIOBAYl 3 BuKopucTaHHAM pc-Si:H ta a-Si:H sk
HACUBYOUOT0 IIAPY MPU3BOAUTH J0 30LIBIIEHHS e()eKTHBHOCTI IIEPETBOPEHHS €HEpril COHSYHOIO eJIEMEHTY
HIT c-Si 3 25,42 o 26,34 %. CTBopeHHs IOTEHIIIHOTO 6ap'epy 1Jist hOTOreHepOBaHUX TIPOK HA IIepexoiax
i-pm-Si:H/n-c-Si ta pe-SiOx/n-c-Si samkye edextusnicTs 3 23,87 mo 3,10 %. Ileit Gap'ep mepemkomKae Ipoxo-
JIPKEHHIO ()OTO-reHepOBAHUX JIPOK JI0 eMiTepa, IO MPHU3BOIUTE 0 301JIBINEHHS IIIBHAIKOCTI PEKOMOIHAIII eJIe-
KTPOHHO-TIPKOBUX IIap i, OTIKe, 0 3HM/KEHHS €HepreTWdyHol eeKTUBHOCTI. 3 IMMPHUHOK 3a00pPOHEHOI 30HH
1,84 eB rinporenizoanmii amopdHuit KpemHii a-Si:H e HafOLIbII mTiIX0AAINM KaHIUIATOM /IS CTBOPEHHS
TACHUBYIOUOTO APy HA MOBEPXHI KPUCTAIIYHOTO KPEMHIIO JIJIS ITHOT0 THUITY COHIYHUX eJIEMEHTIB.

Kmiouosi ciosa: Comstuni enementn, HIT, Amopdmuit kpemwuiii, [loremmianpauit 6ap'ep, SCAPS-1D,
Xapaxrepucrura J-V.
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