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tandem solar cell. In addition,the importance of measuring various materi
order to derive an improved device understanding is stressed. CC-BY 4.0.

Which photovoltaic layer has the highest bandgap?
This is supported by the fact that only CdS,and ZnS,which represents a buffer layerwith the highest
bandgap,exhibits almost the same photovoltaic performance parameters across all investigated values. The
fill factor varies according to the open-circuit voltage.

Does a variable carrier concentration affect a substrate-type thin-film photovoltaic device performance?

In this numerical simulation study, the SCAPS-1D (version 3.3.07) software has been utilized to simulate the
effects of a variable carrier concentration of various buffer layers on the overall performance of the
substrate-type thin-film photovoltaic device.

Why is CDs used in photovoltaic devices?

Cds is widely used as a window or buffer layer material in photovoltaic devices due to its suitable bandgap
and enhancement properties in the interface chemistry between light absorber and window layer during
fabrication.

Can semitransparent perovskite solar cells be used in see-through building-integrated photovoltaics (BIP?
Beside tandem solar cell applications,semitransparent perovskite solar cells (ST-PSCs) attracted attention

because of their potential applicationin see-through building-integrated photovoltaics (BIPVs). (17) BIPVs
represent a promising option to incur building energy demand.
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A boron-doped hydrogenated silicon thin film buffer
layer (p 0) was inserted between the passivation
layer (i p) and hydrogenated microcrystalline silicon
rear emitter (p) to improve the conversion efficiency
(?7?) of the silicon heterojunction (SHJ) solar cell.
The optimized p 0 buffer layer is an ultra-thin a-SiO
x:H(p) layer with properly

uuuuuuuuuuuuuuuuuuu This paper presents a modeling study of an

® ultra-thin CIGS-based solar cell with a
® 0.5-micron-thick absorber layer, using Silvaco Atlas
rrRnign software. The CIGS solar cell module incorporates

three buffer layers made of ZnS, CdS, and ZnSe.
Notably, our study distinguishes itself by utilizing an
ultra-thin 0.5-micron absorber layer, a substantial
departure from the ???

Non-toxic, low-cost, and bandgap-direct material

Copper Zinc Tin Sulphide (CZTS) is a promising
- ] = M g candidate thin film solar cell. As the effort to improve

the efficiency of the CZTS solar cell, this work

chooses an environmentally friendly tungsten oxide
(WO 3) as the buffer layer due to its high bandgap
;%{ and excellent electrical conductivity.. Furthermore,

L il ! Cu 2 ZnSnSe 4 (CZTSe) is 227
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In this work, numerical simulations were employed
to examine the influence of thickness and band gap
energy of the Cu 2 ZnSnS 4 (CZTS) absorber and
Zn(0O,S) buffer layer on the performance of the
earth-abundant and nontoxic Mo/Cu 2 ZnSnS 4
1Zn(0O,S)/i-ZnO/ZnO:Al structure rstly, simulation
was performed on the CZTS-based solar cell with
experimental ???

Cu 2 ZnSnS 4 as the promising absorber layer

|4 v,l material, has received great attention in the
application of highly efficient and low-cost thin film

| ‘ solar cells. The theoretical photovoltaic conversion
|| - efficiency of the CZTS thin-film solar cells reaches
— up to around 32%. Conventionally, CdS or CdSe

have been used as buffer layers in these cells.

(]
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In this research, binary ZnS???Zn0O films were
fabricated by a two-step process, offering an
alternative buffer layer solution for photovoltaic solar
cell applications. ZnS films were attained through
thermal evaporation, after which they were
annealed in air at separate temperatures resulting in
films containing both ZnS and ZnO phases.
Structural, electrical, ??7?
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? Solar cell technology has attracted significant
attention over the past decades as a promising

avenue for developing renewable energy sources
and mitigating the The ST-PSC ???

il

The present review rationalizes the information
spread in the literature concerning the use and role
of buffer layers in polymer solar cells. Usual device
structures include buffer layers, both at the anode
and at the cathode interface, mainly to favour
charge collection and extraction, but also to improve
the device's overall performance. Buffer layers are
actually ???

Ererey rorcaa il Cu2ZnSnS4 (CZTS)-based solar cells show a
- promising performance in the field of sunlight-based
energy production system. To increase the
performance of CZTS-based solar cell, buffer layer
optimization is still an obstacle. In this work,
numerical simulations were performed on structures
based on CZTS absorber layer, ZnO window layer,
and transparent conducting ???

(C) 2025 Solar Energy Resources 4/10 Web: https://www.gebroedersducaat.nl



PHOTOVOLTAIC BUFFER LAYERS  SOLAR

The typical CIGS-based solar cell structure, shown
in Fig. 1, consists of a soda-lime glass (SLG)
substrate, a Mo back contact, CIGS as the p-type
absorber layer, CdS as the n-type buffer layer, and
intrinsic ZnO (i-ZnO) / Al-doped ZnO (ZnO:Al) as the
decoupling and conducting window layers,
respectively [13].However, in the state-of-the-art
CIGS-based solar cells, each of these ???

The influence of anode buffer layers on the
performance of polymer photovoltaic devices based
on blends of poly(3-hexylthiophene) and
[6,6]-phenyl-C-61-buytyric acid methyl ester has
been investigated. The buffer layers consist of
poly(3,4-ethylenedioxythiophene):poly(styrenesulfon
ate) (PEDOT-PSS) doped with different ??7?

In this study, semiconductor oxide cuprite (Cu20)
and indium tin oxide (ITO) heterojunction solar cells
with and without a 10 nm thick titanium (Ti) thin film
as the buffer layer were fabricated and
characterized for comparison. The Cu20 film was
formed by low-cost electrodeposition, and Ti and

“ — ITO layers were deposited on a glass substrate by
sputtering. ???
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In this paper, CGS/CIGS ultra-thin film tandem

- photovoltaic cells with different buffer layers (CdS,
"2°°§V:hA A ZnSe and ZnS) were examined using Silvaco-Atlas
t:’:f;’y%‘.’:,';":esys.emg%_ under standard AM1.5G illumination, at 300 K
;’

temperature. After examining the performance of
these cells, ZnS buffer layer used in both bottom
and top cell showed the best conversion efficiency
of 26.56%. ???

The influence of anode buffer layers on the
performance of polymer photovoltaic devices based
on blends of poly3-hexylthiophene and
6,6-phenyl-C-61-buytyric acid methyl ester has been
investigated. The buffer layers consist of
poly3,4-ethylenedioxythiophene:polystyrenesulfonat
e PEDOT-PSS doped with different concentrations
of mannitol. Improved power conversion ???

In the single CZTSSe solar cell with three different

widow layer (Al; ZnO/TiO 2 /ZMO) and CdS as a

buffer layer, the effect of absorber layer thickness
‘, on electrical properties of the solar cell device has

been investigated. Fig. 2 (a-d) shows the variation
comvamy — of absorber layer thickness with the solar cell
electrical parameters [32].
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Utilization of the titanium dioxide (TiO 2) as buffer
layer for the growth of crack-free PZT thick films
may be attributed to the enhanced photovoltaic
properties under UV illumination. Figure 9 shows
the current versus time behavior of the prepared
photovoltaic device in the presence and absence of
UV illumination at different intensities.

T

Schematic diagram of the n-i-p inverted CdTe solar
cell with different buffer layers. 4. Simulation Details
and Material Parameters: Numerical modeling is an

effective method for understanding and estimating
the real performance of solar cells. Various
numerical modeling tools are available to design
optimized, high-efficiency

It also allows the removal of the high-temperature
selenization step, a limiting point in some
applications. CIGS-based photovoltaic cells consist
of a stack of thin layers deposited on a glass

substrate: a lower molybdenum (Mo) electrode, a

CIGS absorbing layer, a CdS buffer layer, and an
. upper oxide electrode, namely zinc-doped aluminum
(ZznO
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Poly(3,4-ethylenedioxythiophene):poly(styrene
sulfonate) (PEDOT:PSS) is most commonly used as
an anode buffer layer in bulk-heterojunction (BHJ)
polymer solar cells (PSCs). However, its

During the past decades, electrode buffer layers
have played a vital role in promoting the
performance of organic optoelectronic devices, in
particular for organic photovoltaic devices (as
shown

Figure 1 shows schematic and energy diagrams of
the perovskite PV with thin buffer layers. The
devices were fabricated on pre-cleaned
indium???tin oxide (ITO) patterned glass
substrates. First, 10 nm of MoO x and 5 nm of
TPTPA, which are generally used as the hole
injection layer and transport layer in organic

I—I devices, respectively, were sequentially deposited
| J] 277
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CdS is widely used as a window or buffer layer
material in photovoltaic devices due to its suitable
bandgap and enhancement properties in the
interface chemistry between light absorber and
window

High performance and high stability are the urgent
requirement for the potential commercial application
of organic solar cells (OSCs). Electrode buffer
layers have important influence on the photovoltaic
performance and stability of OSCs. In this study,
non-fullerene bulk heterojunction OSCs were
prepared with molybdenum oxide (MoO3) as the
first anode buffer ??7?

Buffer layers are commonly used in the optimization

- of thin-film solar cells. For CulnSe 2 -and
i CdTe-based solar cells, multilayer transparent
= conductors (TCOs, e.g., ZnO or SnO 2) are
generally
n (-] l
E
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/~ i Using CdS and SnS2 buffer layers, respectively, the
= optimal photoelectric conversion efficiency (??) of
[ s U] the CIS/CISSe gradient bandgap solar cell is
- ' A 23.23% and 23.52% at a CIS/CISSe layer thickness
N ratio of 1 ? 1/4 m/1.5 ? 1/4 m, which means that
SnS2 can be used as a buffer layer for Cd-free solar
E= cells.
—r——
V=S

what is buffer layer in solar cell. Buffer layers in
A, solar cells have two key jobs: They help charges
move better and prevent them from recombining.
These thin layers are vital for making various solar
cell types work their best. This includes types like
a-Si, HIT, and CIGS. Role in Charge Transport and
Recombination
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