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Abstract

The article presents a commentary for the recent publication on nanocrytalline silicon thin films for heterojunction solar (SHJ) cells. The aim of
the communication is to highlight some of the important mechanism discussed in the report for improved structure and interface properties
which results in better device fill factor and hence enhanced efficiency. Furthermore, the discussion has been extended to present some of the
recent literatures which have followed the similar guidelines for material synthesis with improved optical gain in applications of SHJ solar cells.
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Introduction

Silicon photovoltaic has been one of the conventional
topics of research interest from the past few decades to
meet the requirement of clean and affordable energy. The
commercialization of the silicon based photovoltaic device
has now evolved with advanced designing. The focus of
commercialization of the silicon photovoltaic in the last
few decades is majorly aiming to achieve an inexpensive
sustainable designing of the device. Silicon based
heterojunction structures have attracted much scientific
interest in terms of their potential characteristics and
improved efficiency. Various combinations of stacked layers of
doped and undoped thin film silicon were found to overcome
some of the practical limitations of conventional designing of
heterojunction solar cells in view of enhanced efficiency [1].
These factors are mainly associated with the unpassivated
amorphous silicon thin film layer stacked in between the
heterojunction cells. Several reports have demonstrated
the effective replacement of amorphous layer with the
crystalline thin layer. However, the thin crystalline layer is not
similar to the bulk crystalline silicon though the structure is
mainly identified as the modified morphology of the thin
film amorphous silicon nearer to the transition zone during

growth. These modified structural transformations may result
in formation of embedded microcrystalline or nano-crystalline
silicon depending on the size of the crystallite. The control
over crystallite size could result in significant improvement in
the material properties as well as the efficacy of the device.
Other than potential characteristics for photovoltaics, the
shape and size dependent applications of nanocrystallites
have also been evolved in various fields for the production
of nanostructured compounds for environment remediation,
heterogeneous photocatalysts, multifunctional material,
bioactive nanosurfaces, etc. [2-6].

The inclusion of nc-Si:H based stack in the heterojunction
solar cell has been one of the advanced attractions for the
designing of solar cell in view of exploring the suitable position
of the layer to meet the necessary requirements of surface and
interface layers. Recently the growth aspects and modified
surface properties with the inclusion of nanocrystalline phase
in the conventional a-Si:H thin films based layer for doped
nano-crystalline/oxygen alloyed silicon (nc-Si:H/nc-SiO:H)
thin film for heterojunction solar cells have been reviewed and
compiled to report the advancement in the device structure
based on the processing moderations [7]. The focus of the
present commentary is to provide significant insights and to
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present the recent advancement in the doped nc-Si:H thin
film based carrier selective layers for device applications. The
attempt has been made to present a brief discussion for the
advance designing of thin film silicon based heterojunction
solar cells and the processing challenges for achieving the
maximum fill factor and improved current densities. The article
found to be informative for understanding various loss factors
associated with the incorporation of thin film silicon layer and
to address the solutions for limiting the existing junction and
interface losses with the inclusion of nanocrystalline silicon
thin films for heterojunction solar cells designing.

Background

Sharma et al. reports the limitations of power conversion
efficiency with the both sides contacted a-Si:H/c-Si
heterojunction solar cell due to short circuit current ) loss
in order to address the modified architecture of the material
[7]. The reported data compiled to provide a guide to analyze
the significant loss factors due to device optics, i.e. parasitic
loss, loss due to the refractive index mismatching, and
electronic loss, i.e. loss due to defective sites which obstruct
the dark conductivity (0,,.)- The significant role of embedded
nanocrystallites in the amorphous phase led to enhance the
optoelectronic properties of the material and hence improves
the efficacy of solar cells with minimal currentloss. In view of the
mentioned considerations, the growth aspects of the materials
were discussed to manage and meet the requirement of doped
nc-Si:H thin films with thickness <10 nm while preserving the
conductivities simultaneously with high doping [8]. The origin
of crystallinity in the existing amorphous phase has been
stated with the help of surface model considering the plasma
interaction with the surface layer, and the growth zone model
where the plasma interaction takes place at subsurface layer

[9]. These structural modifications take place under specific
plasma treatments during depositions or post depositions.
Moreover, the evolution of embedded crystalline phase has
also been the result of plasma discontinuity provided via
pulsed plasma conditions [10,11].

The inclusion of nc-Si:H layer has been presented as one
of the promising carriers’ selective layers for SHJ solar cells
with improved optoelectronic properties. The material
found significantly overcomes optical and electrical loss.
Additionally, the alloying of nc-Si:H with oxygen results in
modified refractive index and limiting parasitic loss when used
as emitter. With the advantage of effective carrier transport the
investigations for hole selective transport were also carried
out by the researchers in order to explore the material and
interface properties [1,12]. Figure 1 illustrates the potential
improvements in the device structure with doped nc-Si:H/nc-
Sio:H as carrier selective layer. The material suggested to have
potential characteristics in terms of structural improvement
when considered for the front and rare doped layers [13].

Discussion

In one of the recent studies the effective use of p-type
nc-SiO-H based layer in stacked configuration with (p) nc-
Si:H which exhibits a significant enhancement in the built-
in potential at the interface has been presented [14]. The
investigation using TCAD simulations highlights the important
contribution of series resistance and hence the role of contact
resistivity in improved transport mechanism. The thickness
dependentactivation energy E_of the bi-layer was discussed to
map its overall impact at the interface. An inverse relationship
between the thickness and the activation energy of p-contact
was suggested. Additionally, the hydrogen plasma interface

Figure 1. Advantages of nc-Si:H/nc-SiO:H thin film carrier selective layer for SHJ solar cells.
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treatment combined with very high frequency (VHF) was
found to enhance the electrical properties significantly [15].
The p-contact stack was found to exhibit great effect on the
distribution of hole transport laterally as well as vertically [14].
Solar cells with efficiency of 22.47 % were reported with an FF
of 80%. The report also provides a theoretical understanding
for the management of series resistance and role of hole
transport in raising the electrical properties. It further
highlights the similar transport characteristics improvements
when the stacked device designing is considered as suggested
by sharma [7].

Another challenge observed in application of doped nc-Si:H/
nc-SiO:H layer is the attainability of high short circuit current
density in view of managing the other surface and interfaces.
Theoretically the highest observed value of FF has been
reported to be 89.26% which is comparatively higher than
the reported FF for the record efficiency solar cell i.e., 86.59%
[16]. There is significant difference in the theoretical and
experimental values which has been identified due to various
factors including the contribution from series resistance and
the unwanted recombination. The numerical approach has
also been demonstrated in one of the recent reports to discuss
the limitation in the attainment of FF [17]. These limitations
were individually specified in view of auger recombination
and bulk recombination with the presence of defective sites.
To overcome such recombination loss factors the work has
been explored further with the scope of improvements via
correlating the ideality factor with various loss mechanisms
which was not considered and discussed in the report of
Sharma et al. The reported review was specific for underlining
the experimental aspects of growth of nano-crystalline silicon
and the surface modifications by suitable plasma techniques.
Thus, the understanding of ideality factor correlation and
based optimizations could be one of the suggested areas of
research where the experimental aspects and the particle
designing still be explored.

Conclusion

The article presents a commentary for the literature review
on nc-Si:H thin films for SHJ solar cells which highlights
most of the factors responsible for limiting the current and
efficiency of solar cell in view of optical, carrier transport
and contribution of crystallinity in the conduction and the
surface passivation issues [7]. The mentioned review provides
a guide to explore various aspects of nc-Si:H thin film based
carrier selective layers for device application. A comparatively
lower optical absorption with enhanced transparency
was suggested with the inclusion of nc-SiO:H compared
to a-Si:H as front carrier selective layer [1]. The embedded
nanocrystallites are considered to be responsible for providing
a conductive percolation path for conduction and thus to limit
the transport barrier in conduction. The surface modification
and restructuring via pre and post plasma treatments has

also been considered to manage the growth barriers at the
time of substitutional doping. The issue was also addressed in
view of poor open circuit voltage (V) and device fill factor.
Overall, the literature suggests the importance of thin (<5
nm) doped nc-Si:H carrier selective layer for front and rare
contact layers grown under the specific plasma conditions to
depict enhanced optical properties along with the transport
benefits from the nanocrystalline phases [1]. However, the
shortcoming of the cell designing with the suggested nc-Si:H
found to have restrictions in terms of meeting the theoretical
limits of the FF. The report demonstrated by Zhao provides
significant insight to the advanced numerical approach in
understanding the responsible factor in limiting current and
highlights the role of various recombination mechanisms
[14]. Additionally, suggestions have been made in terms of
optimizing the value of ideality factor to overcome some
of the significant recombination losses. The research is still
open ended for providing critical growth aspects and further
modification in view of enhanced current densities and hence
good quality stable solar cell.
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