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1. Abstract

IlI-V semiconductor materials are considered ideal for solar cells due to their optimal band gap,
highest recorded efficiency, temperature stability, and high radiation resistance. Among various llI-
V semiconductors, InP (Indium Phosphide) stands out due to its remarkable properties such as a
direct band gap, low surface recombination velocity, and high electron mobility. However, the high
cost of this material limits its commercial adoption. In this study, we demonstrated a controlled
spalling method as a cost-effective and facile approach to obtain thin films of InP material. We
successfully exfoliated a 15 um thick InP film from an InP (100) original wafer and demonstrated a
flexible InP thin-film heterojunction solar cell with an efficiency of 10.6%. This method does not
require the use of costly fabrication tools such as Metal Organic Chemical Vapor Deposition
(MOCVD), significantly reducing the overall cost. Hence, tkl his study highlights the potential of
controlled spalling in achieving cost-effective Ill-V semiconductor-based solar cells.

2. Introduction

Currently, the global photovoltaic (PV) market is dominated by crystalline silicon (c-Si) technology,
which holds approximately 95% of the market share due to its high conversion efficiencies,
exceptional stability, and well-established, scalable manufacturing processes.[1] While silicon solar
cells have achieved remarkable efficiency and commercial success, silicon is not considered the
optimal material for solar cells because of its indirect band gap, which necessitates wafer
thicknesses exceeding 100 microns to achieve maximum absorption. These thicker wafers not only
increase the overall weight of the module but also reduce its flexibility, limiting the potential for
mechanical applications.[2]

IlI-V semiconductors such as GaAs and InP have favourable band gaps (~1.4eV) to achieve the
highest solar-to-electricity conversion.[3] The highest reported single junction 1 sun solar cell
efficiency is 29.1% for homojunction GaAs solar cells. Despite their outstanding performance, Il1-V
semiconductor based solar cells are less commercially utilized due to high cost of the semiconductor
wafer and epitaxy growth tools required for the device fabrication.[4], [5] To enhance the cost-
effectiveness of IlI-V semiconductor solar cells, it is crucial to explore thin film technologies and
device architectures that could eliminate the need for epitaxy in these semiconductors.

The epitaxial lift-off (ELO) process has been comprehensively studied process since 1978 as a way
to secure llI-V semiconductor thin films. This technique involves selectively etching a sacrificial layer
that is epitaxially grown between the thin-film semiconductor layer and the substrate. Although it is
effective in obtaining 1lI-V semiconductor thin films, the ELO process often results in high surface
roughness and leaves reaction residues on the parent substrate.[6] Moreover, the etching of the
sacrificial layer is time consuming process and involves use of toxic chemicals, demanding the
investigation of innovative techniques to overcome these challenges.[7] The controlled spalling
process is a recently developed technique that addresses these issues. In this process, a desired
thickness of IlI-V semiconductor thin film can be peeled off from its thick donor substrate using
mechanical loads induced by a stressor layer applied to the mother substrate.[8] The spalling
process eradicates the need for expensive equipment like epitaxial growth systems and allows for
the production of multiple, ultra-smooth thin films from a single donor substrate, resulting in cost-
effective production of large-area monocrystalline IlI-V semiconductor thin films.[9], [10]

Furthermore, adopting heterojunction solar cell architecture with carrier-selective contacts offers a
simplified fabrication process compared to homojunction counterparts, potentially leading to further
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reductions in production costs. IlI-V semiconductor heterojunctions have achieved efficiencies close
to 20% by utilizing electron-selective contacts such as ZnO, Ta,Os, and TiO,.[11], [12] Therefore, in
this study, we aim to combine the advantages of heterojunction solar cell architecture with spalled
semiconductor thin films to propose a cost-effective approach for IlI-V semiconductor solar cells.

3. Results and Discussion

InP thin film Fabrication and characterization: The overall spalling process of InP (100) is illustrated
in Figure 1. The spalling process involves the deposition of Zn/Au before the electrodeposition of the
Ni stressor layer to make a good ohmic contact to the p-type for some device applications and is
more conducting than InP which can be further utilized for electrodeposition of the Ni stressor layer.
We conducted the spalling with InP (100) donor substrate. The spalled (100) InP shows the periodic
Triangular Grating Structure (TGS) formation perpendicular to the direction of crack propagation on
the fracture surface.
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Fig.1: Schematic illustration of overall controlled spalling process

Figure 2(a) shows the optical image of a 2 cm diameter spalled InP film with an electrodeposited Ni
stressor layer on the backside. This spalled InP film displays an outward bend due to tensile stress
produced by the Ni stressor layer. This outward bend makes use of this spalled film difficult in
electronic devices. So, we attached PET thin film using SU8 as shown in Fig 2(b, c) to easily fabricate
solar cells. Figure (d) displays the top-view of the Scanning Electron microscope of the InP (100)
film which shows the periodic TGS structure.
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Fig. 2: (a) Optical photograph of the 15um thick InP (100) films (b, c) flat and flexible spalled
InP thin film after attaching it to PET film (d) SEM image of InP (100) (e) Photoluminescence
spectra of bare InP and exfoliated InP wafers.
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Fig 2 (e) shows the cross-sectional SEM of the exfoliated InP (100) thin films. The exfoliated InP thin
film is 20 times thinner than that of the donor substrate indicating the effectiveness of the spalling
process in obtaining kerf-loss free thin films. Additionally, this thickness of InP is adequate for
complete absorption of solar spectrum due to the direct band gap and high absorption coefficient of
InP. For understanding high performance opto-electronic devices using spalled film, its material
properties should remain the same as those of InP substrate. Fig 2(f) shows the photoluminescence
(PL) of the reference InP (100) substrate and spalled film, indicating the intensity of the reference
substrate and spalled film almost identical. This indicates that the spalling process does not lead to
any material quality degradation.

Solar cell characterization: First, we employed the exfoliated InP thin film to fabricate flexible and
lightweight InP heterojunction solar cells. In this study, InP heterojunction solar cells were fabricated
using TiO: as electron-selective contact. Figure 3(a) shows the schematic of InP (100) heterojunction
solar cell. Fig 3(c) shows the J-V curve of the InP solar cell measured under simulated 1 sun
irradiation. The solar cell exhibited a Vo of 601mV, Jsc of 12.9 mA cm™? and fill factor of 48.9%
resulting in an efficiency of around 3.8%. Previous research done on InP solar cells shows that
performing the H, plasma treatment on the InP surface improves the efficiency of solar cells. [13],
[14]
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Fig. 3: (@) Schematic of the InP heterojunction solar cell fabrication. (b) Representative of
completed InP thin film solar cell and (c) the light J-V curve of the fabricated solar cell.

Following this, we exposed the spalled InP (100) surface under Hz plasma, and improvement can be
seen from the J-V curve. Vo increased to 748 mV with Jsc to 20.1 mA cm?, fill factor to 70.1% and
efficiency to 10.6%. This improvement in photovoltaic performance after H, plasma treatment can
be described as to decrease in carrier concentration inside the bulk of the InP wafer as previously
stated. This decrease in carrier concentration helps in enhancing the carrier diffusion length and
reduction in photogenerated carrier recombination, which altogether improves Vo and Jsc
respectively.

The efficiency achieved is comparable to that of the other reported in InP thin film devices,
highlighting the potential of the current architecture to attain high performance while simplifying the
fabrication process.

4. Future Work
It seems like major loss comes from optical loss. These are just initial results and need furthur
optimization. Our next plan is to optimize thickness of TiO, and H. plasma dose to reduce optical
lossess.These adjustments could improve light absorption and enhance the overall performance of
solar cells. we might also explore anti-reflection coatings to further reduce optical losses.
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5. Conclusion

In summary, we introduced an exfoliation method called controlled spalling to produce InP thin films.
Using this method, we obtained 15 um thick InP films with optoelectronic properties similar to those
of the parent substrate. We also demonstrated the fabrication of flexible InP thin film heterojunction
solar cells using TiO, as the electron-selective contact (ESC), achieving efficiencies exceeding
10.6%. This study does not require any costly fabrication tool which makes this study a promising
approach toward cost-effective solar cells based on 1lI-V semiconductors.
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