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1  |   INTRODUCTION

Metal deposition for the front emitter contact of III-V/Ge 
triple-junction solar cells is a critical step in solar cell fab-
rication for concentrated photovoltaics (CPV) application. 
Indeed, to operate under high concentration, the front con-
tact metallization needs to be thick, usually around 5 μm1,2 
in order to collect high current density solar concentrations 
of few hundred suns. In addition, to have the lowest series 
resistance in the solar cell, this deposited metal needs to have 
a good quality that ensures a very low resistivity. Finally, 
the ohmic contact layer deposited before the thick emitter 

contact must provide a very low specific contact resistance. 
Hence, the process to deposit the front emitter contact is very 
complex and expensive. It is therefore important to develop 
a deposition process which is fast and easy to implement in 
industry and that provides low series resistance as well as 
low contact resistance. Nowadays, evaporation3 and electro-
plating2 are the most common methods to deposit the front 
emitter contact. Electroplating is more cost-effective than 
evaporation; however, it requires connecting both the front 
side and an anode to a power supply. In usual process, the 
deposition of a seed layer by e-beam evaporation on the full 
wafer is first required. Then, a photolithographic step defines 
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Abstract
We present a new process to deposit thick front emitter contact on multijunction 
solar cells using a self-powered light-induced plating (SP-LIP). This electrochemical 
deposition method is based on the use of the light-induced polarization of the cell to 
drive the plating current instead of the use of an external power supply as for standard 
electroplating. The electrical characterization of the process is performed by current 
and potential measurements at various light intensities and enables the deposition of 
thick layers of various metals (Ag, Ni, and Au) on triple-junction solar cells with a 
precise control of the metal thickness. The potential of SP-LIP for the deposition of 
an ohmic contact layer directly on the solar cell front side without any seed layer is 
also demonstrated. A triple-junction solar cell fabricated with both ohmic and thick 
metal front contact deposited only by an electrochemical method is reported.
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the footprint of the grid pattern where the thick metal is de-
posited by electroplating. After deposition, a final etching 
step removes the residual seed layer from the nonpatterned 
surface.

Light-induced plating (LIP) is a deposition process similar 
to electroplating, in which the power supply is the solar cell 
itself under illumination.4 Most of the time, the LIP process is 
used with an external power supply such as a voltage source 
(Figure 1A). In fact, LIP is an electroplating method using a 
light source to assist the deposition process that avoids the need 
for an electrical contact between the seed layer and the power 
supply. This process has already been studied for the silicon 
solar cell fabrication5-9 and has been demonstrated at the indus-
trial scale for silver plating.10 Moreover, compared to classical 
deposition processes used for silicon solar cells, light-induced 
plated cells have a better fill factor11 and reduced series resis-
tance losses, proving the high quality of the deposited material. 
Yet, most of the LIP processes reported on silicon solar cells 
use a setup with an external power supply connected between 
the rear side of the cell and the anode.5,8,9,12-14 Few studies on 
silicon solar cells have also investigated methods to deposit 
front contact without any other external power supply.15,16

In this study, we propose a LIP process for the deposi-
tion of thick emitter contact of CPV solar cell. This process 
called self-powered light-induced plating (SP-LIP) is similar 
to a LIP deposition method but without using any external 
power supply (Figure 1B). In fact, in this kind of setup, the 
illuminated solar cell is the only power supply in the system. 
SP-LIP is a simple process that could be attractive to reduce 
the fabrication cost of thick front contact of CPV solar cells. 
Indeed, SP-LIP is similar to electroplating and only needs to 
connect the rear side of the cell to the anode. Moreover, as 
the solar cell is only connected on the rear side, there is no 
need for a seed layer on the front side of the cell.13,14,16 So, 
using SP-LIP, we could deposit the front contact using elec-
trochemical methods only and avoid evaporation and etching 
steps, resulting in a large gain of time.

In this article, we present electrochemical characteriza-
tions of the solar cell during SP-LIP experiments. Thanks to 
those, we manage to have an accurate control on the depos-
ited thickness. Then, we present a novel method to deposit 
ohmic contact and thick front contact layer on triple-junction 
solar cells by SP-LIP. We demonstrate then the first func-
tional triple-junction solar cell with front contact metals fully 
deposited by SP-LIP and we characterize its performance 
under 1 sun and concentrated light illumination.

2  |   SELF-POWERED LIP 
CHARACTERIZATION

All the characterization experiments presented in the follow-
ing section were performed using the silver-plating solution. 
Those experiments are aimed to calibrate and control the 
deposition process.

The solar cell used is a standard InGaP/InGaAs/Ge tri-
ple-junction solar cell grown by MOCVD on a Ge sub-
strate. Solar cell dimensions were 7.648*6.648 mm2 with a 
front emitter contact pattern with 56 fingers with a pitch of 
120 μm. GaAs contact layer of the solar cell was etched using 
a NH4OH:H2O2:H20 solution in a self-aligned process. The 
backside base contact was metalized with evaporated Ni/Au. 
This contact was bonded with silver paste to a conductive 
holder to ensure mechanical and electrical contact between 
the holder and the measurement instruments. The edges of 
the cell were protected using an insulator resist to avoid metal 
deposition during the SP-LIP on solar cells side.

A 500 W halogen lamp was used to illuminate the cell. 
The lamp emits a broad range of wavelengths between 300 
and 2500 nm, which generates current in all three junctions of 
the cell. It was illuminated through a thin layer chromatogra-
phy (TLC) tank of 0.88 L with flat glass sides containing the 
plating solution. The plating and electrochemical characteri-
zations were performed at room temperature.

F I G U R E  1   (A) Setup for LIP deposition used by Mette et al7. (B) Setup for self-powered LIP (SP-LIP) deposition, anode is generally Ag, Ni, 
or Pt electrodes depending on the deposited metal
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For Ag SP-LIP development and electrochemical charac-
terization, we used samples with a thin (150 nm) Ni/Ge/Ni/
Au seed layer patterned by lift-off with 8-μm-wide fingers. 
A second lithography step is performed in a thick photoresist 
(NR4-8000P) with 5-μm-wide trenches aligned on the 8-μm-
wide fingers defined in the seed layer. Technisol Ag 2460 
RTU silver-plating solution was used for this study with a 
concentration of 20 g/L.

Characterization experiments were carried out using the 
setup shown in Figure 2, and the different voltages and cur-
rents were measured with high precision multimeters. A sil-
ver anode and a saturated calomel electrode (SCE) were used 
as counter electrode and reference electrode, respectively, 
while the solar cell front side acted as the working electrode. 
Illumination intensity was calibrated using a similar solar 
cell with the same grid pattern on the front side as the plated 
cell but with a thick evaporated Au front electrode. Solar cell 
short-circuit current is measured at different illumination in-
tensities of the lamp. This current is then compared to the 
short-circuit current measured with a 1 sun solar simulator 
to evaluate the equivalent light intensity in suns. Note that 
the spectrum of the halogen lamp differs from the solar spec-
trum, so that the real illumination is not precisely identical 
to sunlight illumination. As the cell has a photoresist coat-
ing on the front side and sometimes the GaAs contact layer, 
the current generated by the plated cell compared to the cell 
active area is always less than for the reference cell. Before 
each SP-LIP experiment, light intensity was calibrated using 
this method. The good reproducibility of our results confirms 
the validation of this calibration method. Note that the light 
spot was adjusted to 4 cm2 in order to prevent heating up 
the plating solution during the process. Only 1℃ temperature 
increase was observed after 15 minutes at lamp full power.

First, the silver-plating solution was characterized using 
cyclic voltammetry to know the voltage range where silver is 
deposited. As shown in Figure 3A, the reduction of the silver 
(ie, metal deposition) occurs when the current is negative. 
Therefore, the silver deposition occurs in a voltage range be-
tween 0 mV and – 800 mV with respect to the NHE (normal 

hydrogen electrode). We also measured the potential between 
the cathode (the front side grid of our cell) and a SCE (satu-
rated calomel electrode) reference electrode at different illu-
minations using the setup shown in Figure 2. Using this setup, 
we were also able to measure different electrical parameters 
during the SP-LIP process. The first parameter that needed to 
be identified was the range of light intensity that polarizes the 
solar cell at an operation point that corresponds to an electro-
deposition regime. The results shown in Figure 3B indicate 
that the potential of the front side of the cell is between 0 and 
−450 mV at an illumination of 0 to 0.38 sun. This shows that 
silver deposition occurs in an illumination range of 0 to 0.38 
sun (at least). This range was used during our experiments to 
insure operation in Ag deposition regime.

The SP-LIP current density plotted against light intensity 
is shown in Figure 4A, where the LIP current density is cal-
culated considering the LIP current and the exposed metallic 
surface where the silver is deposited. For our triple-junction 
solar cells, the SP-LIP current density as a function of light 
intensity is linear in the measured range. It is worth mention-
ing that for silicon solar cells, SP-LIP current density satu-
rates around the light intensity of 0.3 sun.6 This difference is 
attributed to the Voc difference between cells. Multijunction 
solar cells have a much higher Voc (>2 V at one sun) com-
pared to silicon solar cells (<750 mV at one sun) which al-
lows higher current increase before the cell starts to limit the 
current.

In order to assess the impact of the solar cell voltage, we 
measured both front and rear sides’ potentials as a function 
of light intensity to define the solar cell voltage at different 
intensities (Figure 4B). The solar cell voltage as a function 
of light intensity has a logarithmic behavior, which has also 
been observed for silicon solar cells.7 For our operating con-
ditions, the multijunction solar cell voltage (corresponding to 
VRS-VFS) remains between 0.2 V and 1 V which is below the 
multijunction solar cell Voc, while it would exceed a silicon 
solar cell Voc (typically below 0.75 V at 1 sun). Therefore, the 
multijunction solar cell operates as a current source while a 
silicon solar cell would enter a voltage limited regime.

F I G U R E  2   Electrochemical 
characterization setup used with the silver 
solution. ILIP is the current measured 
between the rear side of the cell and the Ag 
anode. VFS is the potential of the front side 
and VRS is the potential of the rear side. The 
solar cell voltage is defined as VRS-VFS
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The metal deposition rate plotted vs SP-LIP current 
density curve is visible on Figure  5. As expected, the 
values follow a clear linear tendency. The deposition 
rate is also directly correlated to the silver morphology. 
Figure  6 shows the drastic difference between the mor-
phology of metal plated at low deposition rate around 
100 nm/min (Figure 6A), compared to the one obtained 
at high deposition rate around 1500 nm/min (Figure 6B). 
At high deposition rate, the metal looks very rough on 
the top of the sample. On the contrary, the morphology 
of the metal deposited at a low rate is smoother and has 
a better homogeneity. This creates a visual difference, 
the metal layer deposited at the lowest rate reflecting the 

light (mirror aspect) contrary to silver at higher deposi-
tion rate that diffuses the light. These observations con-
firm that a better silver morphology is obtained with low 
deposition rate.8,9 A good morphology could lead to a 
better contact quality by decreasing the resistivity of the 
deposited silver layer.9

In the following experiments, we chose to deposit the sil-
ver at a current density around 4 mA/cm2, because it gives 
fast deposition (300 nm/min) while providing a smooth sur-
face (Figure 11).

The linear variation of the deposition rate with current 
density allows us to know the evolution of the metal thickness 
at any time during the SP-LIP. It confirms that we can add a 

F I G U R E  3   (A) Cyclic voltammetry measurement for a noncyanide silver solution using a SCE reference electrode. (B) Front side potential 
measured versus the silver anode at different light intensities between 0 and 0.4 sun

F I G U R E  4   (A) LIP current density measurements plotted against light intensity using a III-V/Ge solar cell structure. (B) Solar cell voltage 
(VRS-VFS) measurements plotted against light intensity using a III-V/Ge solar cell structure
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significant control on the deposited metal thickness just by in 
situ measuring the SP-LIP current. Current measurement is 
easy to implement in a SP-LIP setup. It only needs an electri-
cal contact between the rear side of the cell and the metallic 
anode. Besides, LIP current measurement can detect most of 
the common issues that could happen during the plating pro-
cess. For instance, a quick decrease down to zero (or close) 
of the LIP current at the beginning of the deposition generally 
means that there is metal deposition on the edge of the cell, 
resulting in shunting the solar cell.

Using SP-LIP, we were able to deposit 5.5-μm-thick layer 
of silver in 16 minutes with the SP-LIP current of 322 μA 
at 0.077 sun, corresponding to a SP-LIP current density of 
3.73  mA/cm2. At this current density, the deposition rate 
is approximately 340  nm/min. This rate can be augmented 
by increasing the light intensity. As we can see in Figure 4, 
the current density could be increased up to 15  mA/cm2 

F I G U R E  5   Deposition rate measured at different SP-LIP current 
densities. The linear fit has been realized using Origin

F I G U R E  6   SEM top-view pictures of 
deposited silver layers at (A) 100 nm/min 
and at (B) 1500 nm/min

F I G U R E  7   (A) Cross-section SEM 
picture of a thick Ag front contact deposited 
by SP-LIP (4 mA/cm2) on an evaporated 
seed layer. (B) Top view of the same 
sample, at the junction between a gridline 
and the busbar

F I G U R E  8   Wireless SP-LIP setup 
with the anode deposited on the solar cell 
holder to avoid any wires
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(corresponding to a current of 1.2 mA) to have higher depo-
sition rates. Nevertheless, at higher current densities, mor-
phology will be rougher and the metal may be more resistive. 
Figure  7A shows a cross-section SEM picture of 5,5-μm-
thick Ag front contact deposited by SP-LIP on an evaporated 
seed layer. Figure  7B is the top view of the same sample. 
The silver layers deposited by SP-LIP have a good surface 
morphology with smooth sidewalls, comparable to layers ob-
tained by electroplating.8

Considering the high reproducibility of the results using 
this setup, we could even use a wireless setup (Figure 8) to 
deposit metals on the solar cell by SP-LIP. In fact, with a 
significant control on the light intensity, there is no need of 
wire between the backside of the cell and the anode. Light 
intensity can monitor the deposition because it is directly re-
lated to the deposition rate of the metal. Therefore, the holder 
could play the role of the anode as shown in Figure 8. The 
base contact in the backside of the solar cell is simply con-
nected to this holder using conductive paste, and the plating 
deposition is started by illumination using a controlled light 
beam, after immersion in the electroplating solution. This 
wireless process simplifies drastically the metal deposition 
step and consequently the full fabrication cycle of triple-junc-
tion solar cells.

3  |   SEEDLESS SP-LIP FOR SOLAR 
CELLS FABRICATION

The process proposed in the first part enables the deposition 
of thick metal by SP-LIP. Nonetheless, the ohmic alloy (Ni/
Ge/Au) remains needed as a seed layer for the plating pro-
cess. We investigated the possibility to use SP-LIP of metal 

structure on multijunction solar cell to provide ohmic contact 
by direct plating on highly doped n-GaAs.

Seed layer plating experiments were performed by depos-
iting the metal directly on the GaAs contact layer of the solar 
cell, inside a 5-μm-wide pattern molded in a photoresist which 
defines the footprint of the solar cell front electrode. We de-
posited first Ni using all-chloride nickel-plating solution with 
a nickel anode. All-chloride solution was made in our facility 
by mixing 250 g of NiCl2 and 30 g ofy H3BO3 in 1L of de-
ionized water, with a nickel concentration of 62.5 g/L. Then, 
Au was plated using 24 ct gold plating solution from Caswell 
Canada at 6℃ with a platinum anode with a concentration of 
0.822 g/L. Finally, Ag was plated using the SP-LIP described 
above. For those experiments, the contact layer etching was 
performed after the full SP-LIP process. A simplified setup 
without the SCE (reference electrode) was used, and only the 
LIP current was measured during the SP-LIP.

Contact resistance was measured using transmission line 
measurements (TLMs) with linear TLM patterns defined 
with the same method as the cell's front electrode. The TLMs 
are 300 μm long lines with a spacing of 5 μm, 10 μm, 15 μm, 
20 μm, 25 μm, and 30 μm between each line.

Ni was deposited at an illumination of 0.7 sun, a SP-LIP 
current of 41 μA was measured, and the deposition rate was 
7.5 nm/min. 450 nm of Ni was deposited in one hour. The 
adhesion of the Ni layer was evaluated before annealing by a 
peel off tests with Kapton tape, showing a good adhesion of 
the Ni layer directly plated on the highly doped GaAs contact 
layer.

Nickel deposition rate is extremely low since the elec-
trochemical solution absorption is high in the visible spec-
trum.15 Moreover, the presence of the highly doped GaAs 
cap layer on the whole solar cell also absorbs light which 

F I G U R E  9   (A) I-V curve measured between two TLM pattern separated by 5 μm. (B) The resistance plotted against the length between two 
metallic patterns after a 430℃ annealing. TLMs were made in a 50-nm-thick nickel layer
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reduces its photogenerated current and thus the SP-LIP cur-
rent. However, this is not an issue for our process since we 
only need to deposit around 50 nm to make an ohmic contact. 
If needed, the deposition rate could be increased by using a 
higher light intensity.

In order to confirm that the direct SP-LIP deposition of 
nickel could ensure a metal/semiconductor ohmic contact, we 
formed transmission line measurement (TLM) patterns with 
50 nm of nickel deposited by SP-LIP on the GaAs cap layer. 
The samples were annealed at 430℃ for 30 s after plating. For 
all measurements, an ohmic contact was observed (Figure 9). 
The measurements show an average specific contact resis-
tivity of 2.68.10−4 Ω.cm2 after annealing. This contact resis-
tance value is acceptable for low and medium concentrations, 
but relatively high for high concentration CPV applications.17 
However, contact resistance could be improved by optimizing 
the process or even trying other metals and other alloy struc-
tures for the ohmic contact layer. A triple-junction solar cell 
was fabricated using a 450 nm of Ni thick metal deposited 
using SP-LIP as emitter contact and was characterized under 
1 sun illumination after nickel deposition and contact layer 
etching. As shown in Figure 10, a typical J-V solar cell char-
acteristic (green curve) with a good fill factor (FF = 87%) is 
demonstrated. The measured Voc of 2.33 V is slightly lower 
than for reference cells (2.4 V), where the emitter contact was 
deposited using e-beam evaporation of Ni/Ge/Au/Ni/Au (or-
ange curve). These differences between the Voc measured on 
the solar cells are mostly attributed to the property fluctua-
tion of the cells and slight degradation during the microfab-
rication process.

To leverage the ability of SP-LIP nickel to form an ohmic 
contact with the low resistivity of other metals, we combined 
the seedless nickel SP-LIP process with a thick metal depo-
sition by SP-LIP. We observed that the adhesion of plated 
Ag on nickel was bad. Therefore, we considered either a Ni/
Au thick metal deposition or a Ni/Au/Ag thick metal depo-
sition where the thin intermediate layer of gold enables the 
adhesion of the silver layer. Ni/Au thick metal contact was 
deposited in two steps. First, around 60 nm of nickel was de-
posited at a LIP current of 50 03B7A for 6 min at a plating 
rate of approximately 9 nm/min. Secondly, around 2 μm of 
gold was deposited at a LIP current of 125 μA for 15 min at 
a plating rate around 133 nm/min. Unfortunately, the chem-
ical composition of the photoresist was not compatible with 
the gold plating solution, resulting in a slight degradation 
of it during plating. Nonetheless, we managed to fabricate a 
solar cell with 2 μm thick gold front contact. Figure 11 shows 
top-view pictures of the Ni/Au (11(b)) compared to the Ni 
(11(a)) layer. Figure 11B shows that the gold morphology is 
good. We can distinguish on the sides of the gridline that a 
thin layer of metal has also been deposited on GaAs at the 
edges, due to the degradation of the photoresist in the gold 
plating solution. Figure 10 shows the J-V characteristics of 
the solar cell with Ni/Au contact deposited by SP-LIP with-
out any seed layer (red curve). J-V measurement of the cell in 
Figure 10 shows good performances with a Voc of 2.35 V and 
a FF of 86.7%. A good FF generally indicates a small series 
resistance, which suggests a good contact quality. FF of the 
Ni/Au SP-LIP-plated cell is close and even greater than for 
the reference cell (86.4%), which is a sign of a good quality 
of the contact deposited by SP-LIP.

Ni/Au/Ag thick contact was deposited in three steps. To 
limit the issues of photoresist deterioration in the gold solution, 
we decided to limit the Au layer thickness to 50 nm. Around 
60 nm of nickel was deposited using similar process as for Ni/
Au deposition. Then, around 50 nm of gold was deposited at a 
LIP current of 125 μA for 20 s. Finally, 5 μm of silver was de-
posited at an average SP-LIP current of 360 μA for 15 min with 
a plating rate around 334 nm/min. No silver peeling off was ob-
served during and after the deposition confirming that adding a 
thin layer of gold between nickel and silver is sufficient to en-
able the adhesion. SEM top-view picture (Figure 11C) shows a 
silver shape similar to the one deposited on an evaporated seed 
layer. To etch the GaAs contact layer, the silver was protected 
using photoresist, as the H2O2 in the etchant solution reacts with 
silver. J-V curve under 1 sun illumination measurements (blue 
curve of Figure 10) shows great performance for this cell with 
a Voc of 2.41 V, Jsc of 9.71 mA/cm2 and a FF of 87.4%. Voc and 
FF are identical to the ones of the reference cell proving that 
we are able to fabricate high performance cells with a seedless 
SP-LIP process. Note that no annealing was performed on these 
cells after metallization. As CPV solar cells are used under high 
light intensities, we have characterized the cell fabricated using 

F I G U R E  1 0   J-V measurements under 1 sun illumination of 
solar cells with different emitter contacts deposited only by SP-LIP. 
The measurement on a solar cell with evaporated contact is set as a 
reference. The results presented were measured on solar cells without 
ARC
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SP-LIP thick Ni/Au/Ag emitter and annealed at 300℃, under 
concentrated lights from 0 to 500 suns. As shown in Figure 12, 
the efficiency and the fill factor are decreasing faster for SP-LIP 
than for an evaporated cell. The maximum efficiency has been 
calculated around 77 suns before annealing and 100 suns after 
an annealing at 300℃. These values are low for CPV solar cells 
most probably due to the high contact resistance between the 
GaAs and the nickel layer. Optimizing the contact resistance 
could be achieved by a better understanding of the nickel depo-
sition process on the doped GaAs. In the present study, the main 
goal was to investigate the possibility to deposit a metal directly 
on the GaAs top contact layer by SP-LIP. This metal plays the 
role of seed layer for Ag thick contact plating but above all it acts 
as ohmic contact. The choice of Ni was based on the fact that 
this metal is widely used for good ohmic contacts on n-GaAs, 
where it is deposited on GaAs as a first layer of a stack of 3 or 

more layers as for Ni/Ge/Au or Ni/Ge/Ni/Au. Other stacks like 
Ge/Pd, Si/Pd, Al/Ni/Ge, Au/Pd/Ge17,18 with low specific con-
tact resistance (in the order of 10−6 Ω.cm2) could be potentially 
used instead of Ni in order to improve the contact resistivity.

Despite a high contact resistance, the seedless SP-LIP pro-
cess could become an interesting alternative to standard deposi-
tion methods (electroplating, evaporation). This process avoids 
vacuum-based technologies and uses lower cost processes com-
patible with manufacturing. Moreover, SP-LIP allows the depo-
sition of metal without any seed layer on the front side, which 
is huge advantage compared to electroplating. Thanks to this 
method, front contact was plated in less than 22 min, with only 
1 level of photolithography. Deposition time could even be re-
duced with process optimization. This process could therefore 
be a promising solution at the industrial scale to reduce fabrica-
tion costs and accelerate the whole fabrication cycle.

F I G U R E  1 1   (A) Top-view SEM picture of a Ni plated line. (B) Top-view SEM picture of a Ni/Au plated line. (C) Top-view SEM picture of a 
Ni/Au/Ag plated line

F I G U R E  1 2   Performances of the Ni/Au/Ag 5-μm-thick solar cell under concentrated light compared to an evaporated cell. (A) Fill factor (FF) 
as a function of light intensity. (B) Efficiency as a function of the light intensity
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In conclusion, we have developed a SP-LIP process for 
metal deposition without external power supply for tri-
ple-junction solar cells. In this simple process, the anode 
only needs to be connected to the rear side of a solar cell. 
Then, this cell under proper illumination creates the re-
quired current to drive the metal plating. In addition, we 
demonstrated a method to control accurately the thickness 
deposited during SP-LIP process by monitoring in situ the 
SP-LIP current. This is achieved by a current measure-
ment during the process with a good reproducibility on the 
deposited thickness. We have also demonstrated a way to 
deposit all the thick front contact of a triple-junction solar 
cell by only electroplating steps. The ohmic contact layer 
was deposited directly onto the GaAs cap layer by SP-LIP 
and the thick silver contact was deposited on this using the 
same method. Considering this, SP-LIP could simplify the 
whole fabrication process of a triple-junction solar cell by 
removing a vacuum-based deposition step. Thus, SP-LIP 
could have a huge interest in decreasing the costs of the 
metallization process for the CPV solar cells and reduc-
ing production times. Further development is needed on 
decreasing the contact resistance because it is slightly high 
compared to standard CPV solar cells. Nonetheless, this 
study demonstrates the feasibility and the potential of the 
SP-LIP technique for high volume manufacturing of high 
efficiency solar cells.
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