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Abstract- The interest towards bifacial PV technology has increased over the last years, due to its potential capability of 
obtaining higher efficiencies with respect to traditional monofacial cells. Thus, the aim of this work is to present an 
experimental investigation on an innovative photovoltaic technology, such as the bifacial solar cells based on monocrystalline 
substrate. This analysis is mainly based on the determination of the current density/voltage, power density/voltage, External 
Quantum Efficiency (EQE) and Laser Beam Induced Current (LBIC) characterization. Interesting results are presented and 
discussed, demonstrating that the bifacial silicon solar cells can be a very promising technology with high electrical 
performances and efficiency. 
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1. Introduction 

In recent years, the scientific research in the field of 
photovoltaic technology has directed the effort towards an 
innovative concept of solar cells (even if conceived decades 
ago [1], but not gaining relevant attention), namely bifacial 
PV systems, capable of overcoming the challenges in terms 
of efficiency improvement of traditional monofacial cells [2-
8]. Indeed, bifacial cells can be illuminated both from the 
front and rear surfaces, increasing, therefore, the output 
power with respect to traditional PV systems. This fact is due 
to the absorption of ground-reflected energy, which depends 
on both the system configuration and climate [9-11]. 
Moreover, this new technology allows an optimal adoption 
of the involved materials [12], increasing also the durability 

of the module construction [13]. With regards to the market 
share projection of this new technology, a significant 
increase is expected by the year 2027 [14,15]. 

In order to further increase the efficiency by reducing the 
losses occurring to the system due to soiling, Bhaduri et al. 
proposed a solution based on the vertical mounting of the 
bifacial modules [16]. Furthermore, the latter technology has 
bought an increase of average stabilized efficiency [17].  

As a matter of fact, among the bifacial solar devices, a 
prevalent attention has been oriented towards those adopting 
a mono-crystalline silicon substrate [18], through which it 
has recently been possible to achieve overall conversion 
efficiencies of approximately 26% at the R&D stage, by 
means of cells based on the so-called Heterojunction with 
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Intrinsic Thin-layer technology [19-22]. Another PV 
technology, which has been recently used to successfully 
manufacture Si based bifacial devices, is represented by the 
bifacial Si PERT (acronym of passivated emitter, rear totally 
diffused) solar cells (see their basic structure in [23]), which 
are the main subject of the present work. 

In this context, the aim of this work is to present an 
experimental characterization on PERT Si bifacial PV cells 
samples, which is mainly based on the determination of the 
current density/voltage, power density/voltage, External 
Quantum Efficiency (EQE) and Laser Beam Induced Current 
(LBIC) characterization.  

The presented work is organized as follows: the 
description of the test bench for the electrical 
characterization of the bifacial modules and the related 
results are described in Section 2, whereas the LBIC 
measurements and results are reported in Section 3. 

 

2. Electrical Characterization: Experimental Setup, Test 
Methodology and Main Results 

Some initial measurements on bifacial PV cells samples, 
aimed to quantify their EQE and electrical performances, 
have been carried out at the CNR-IMM Labs, via the 
experimental setup depicted in Figures 1, 2 and 3. 
Furthermore, Figure 4 shows a photograph of two of the 
tested samples. 

According to the schematization in Figure 1, the main 
components of the experimental setup for measuring the 
electrical characteristics of the samples are listed below:  

- a continuous wave solar simulator (model specified 
in Figure 1), whose light flux is suitably set via a 
digital exposure controller;  

- a thermostatic chuck, equipped with a specimen 
holder (consisting of a golden plate) and 
appropriately interfaced with a temperature 
stabilized vacuum chuck controller;  

- a source meter (Keithley 2651A) and a digital 
multimeter (Keithley 196), linked (by means of an 
adequate acquisition board) to a computer (on 
which the LabVIEW 8.2 software was preloaded). 

 

 
Fig. 1. Schematic representation of the experimental 

setup used to measure the electrical characteristics of the 
bifacial PV cells samples. 

 

 
Fig. 2. Schematic representation of the experimental 

setup used to measure the EQE curves of the bifacial PV 
cells samples. 

 

  

(a) (b) 
Fig. 3. Photographs of the experimental setups, available 

at the CNR-IMM Labs: (a) overview of the test bench shown 
schematically in Figure 1; (b) overview of the test bench 
represented in Figure 2. 

 
(a) 

 

 
(b) 

 

Fig. 4. Photographs of two tested samples of bifacial PV 
cells: (a) sample nr. 1; (b) sample nr. 2. 
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By means of such instruments, the electrical 
characteristics of each sample have been measured. In 
particular, a suitable 4-wires detection (voltamperometric) 
system has been adopted, including the abovementioned 
source meter and digital multimeter. Furthermore, an 
adequate system of electrodes has allowed to link the bus 
bars of the PV device under test to the mentioned 
measurement tools, so that the contact resistance was 
suitably limited. It has to be noticed that the specimen 
holder, which consists of a golden plate, has been considered 
as an electrical potential reference. 

According to the schematic of Figure 2, the main devices 
of the experimental setup used for the EQE measurements 
are:  

- a monochromator (see the model specified in Figure 
2);  

- a thermostatic chuck with the same characteristics 
and equipped as already described in the 
experimental setup of Figure 1; 

- a PC (on which BenWin+ software was preloaded), 
adequately connected to the monochromator 
through a wavelength controller, in order to scan, 
acquire (by means of a suitable data acquisition 
system) and save the responsivity and the EQE 
trends of the solar cell samples; 

- a c-Si reference PV cell, which is used for the 
calibration of the EQE detection system.    

With regards to the experimental methodology used to 
measure the electrical characteristics of each sample, initially 
the front side of the device under test was illuminated and 
subsequently its rear side, under the constant irradiance of 
1000 W/m2with AM1.5G spectrum (supplied from the 
aforementioned solar simulator over the sample surface, 
orthogonally located to the light beam coming from the 
simulator) and with a sample temperature maintained 
constant at 25 °C, through the thermostatic chuck [24,25].  

Figure 5 shows the electrical characteristics of the front 
and rear sides of sample nr. 1, as obtained through the 
experimental setup previously described (see Figure 1). In 
particular, Figure 5a shows the current density (J) - voltage 
(V) curves of the front and rear sides of sample nr. 1 (having 
a geometric area equal to 235.75 cm2), whereas Figure 5b 
depicts the power density (dP) – voltage (V) curves of both 
sides of the same sample. Furthermore, Figure 6 shows the 
electrical characteristics J-V and dP-V of the front and rear 
sides of sample nr. 2 (the related geometric area is equal to 
241.74 cm2). 

Starting from the shown characteristics, the most 
important electric parameters of a bifacial solar cell, 
separately referred to its front and rear sides (i.e., the short 
circuit current density, the open circuit voltage, the series 
resistance, the maximum power density, related to the PV 
cell Maximum Power Point, the power conversion efficiency 
and the Fill Factor) can be readily deduced. 

As it is easily deduced from Figures 5 (b) and 6 (b), the 
bifaciality factor (defined as the ratio: 𝜑 = #$%&$

#'$()*
, being 

𝜂,-., the cell rear side efficiency and 𝜂/,012  the cell front 
side efficiency) of the sample nr. 1 is equal to 0.721, while 
the bifaciality factor of the sample nr. 2 is approximately 
0.832. 

 
(a) 

 
(b) 

Fig. 5. Photographs of two tested samples of bifacial PV 
cells: (a) sample nr. 1; (b) sample nr. 2. 

 
(a) 

 
(b) 

Figure 6. (a) J-V and (b) dP-V curves of the sample nr. 
2 front and rear sides, detected by illuminating the sample at 
1000 W/m2 with AM1.5G spectrum and by keeping its 
temperature at 25 °C. 

Figure 7 shows the EQE vs wavelength trends of the 
front and rear sides of both samples above, obtained through 
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the experimental setup in Figure 2. From such figure, it is 
noteworthy that the front side EQE trends of the two samples 
tested are very similar to each other, instead the ones 
referring to the rear sides of the same samples seems to be 
different and this fact could be due to a slightly different 
metallization of the rear sides of such samples (i.e. a greater 
metalizationon of the sample nr. 1 rear side, compared to that 
of the sample nr. 2) which could cause a differnt optic 
behavior. The previously described results regarding the 
electrical characterization of the new proposed bifacial cells 
seem to provide higher performances if compared to other 
similar works presented in the recent literature [22,26]. 

 
(a) 

 
(b) 

Figure 7. External Quantum Efficiencytrends of front 
(a) and rear (b) sides of the two samples tested. 

 

It should be noted that an experimental issue was due to 
an intrinsic limitation of the experimental setup used, as 
above illustrated and described. Actually, by illuminating a 
bifacial solar cell either from its front or its rear side, a 
reflection of the light transmitted by the solar cell itself 
occurs, since the above mentioned specimen holder is made 
of a reflective material (being a golden plate). This fact 
inevitably affects in some way the measurement of the 
characteristics. 

In order to estimate the effect of using a reflective chuck 
on the samples short circuit current density values, we 
carried out further experiments. In particular, for both the 
above mentioned samples, we have compared the electrical 
characteristics, measured at the solar simulator in two 
different experimental configurations, namely by locating 
each sample: I. over a not reflective black chuck and II. over 
a copper reflective plate (positioned on the black chuck 
surface). In both these configurations the 4-wire detection 
system above descripted was used, by contacting the PV cell 
via two different electrode systems (one for its front side and 
one for its rear side). Figure 8 shows the electrical 

characteristics measured for the two samples tested, at 
constant irradiance of about 1000 W/m2 and at room 
temperature. In Table 1 the short circuit current density 
values are reported for both sides of each sample, as derived 
from the characteristics shown in Figure 8. 

 
(a) 

 
(b) 

Figure 8. J-V curves of both sides (front and rear) of (a) 
the sample nr.1 and (b) the sample nr. 2, at constant 
irradiance of about 1000 W/m2 with AM1.5G spectrum and 
at room temperature, by locating the samples alternately over 
a not reflective black chuck and over a copper reflective 
plate. 

Table 1. Short circuit current density (Jsc) values of the 
samples tested, derived from the characteristics in Figure 8. 

 Jsc [A/cm2] 
(reflective chuck) 

Jsc [A/cm2] (black 
chuck) 

Sample n.1, 
front 0.03807 0.03795 

Sample n.1, 
rear 0.02832 0.02829 

Sample n.2, 
front 0.03938 0.03922 

Sample n.2, 
rear 0.03502 0.03485 

As shown from Table 1, the short circuit current density of 
both samples tested results very similar in the two 
experimental configurations considered, but it is noteworthy 
that the short circuit current density values in the black chuck 
configuration are lower than those in the reflective chuck 
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configuration (as it can be easily expected). Hence, in order 
to rigorously measure in a separate manner the electrical 
characteristics of the cell front and rear sides, it is advisable 
to use a specimen holder made of an ideally not reflective 
material. 

 
Figure 9. Diagram of the LBIC experimental setup. 

 

 
Figure 10. The spot shape on the cell as detected by 

the beam imager. The measured beam diameter is 1.5 mm 
for the first measurement campaign and 0.22 mm for the 
second. 

 

3. Photoresponse mapping through the LBIC technique 

The specimens have been also tested through the Laser 
Beam Induced Current (LBIC) technique [27-30]. This 
approach can provide data regarding the photoresponse 
uniformity of the cell, useful to improve the manufacturing 
process and highlight discontinuities due to contamination, 
cracks or degradation. The schematic of the related 
experimental setup is reported in Figure 9. This 
characterization was performed at the LOOX Laboratory at 
the Department of Engineering of the University of Palermo 
[31,32, 37]. 

The cells were lighted by employing two continuous 
HeNe lasers, a red one (632.8 nm, 5 mW) and a green (543.5 
nm, 0.5 mW) one, respectively. The emitted optical power 

was tuned interposing a neutral-density filter wheel between 
the laser source and the samples. 

Considering the long duration of these measurements, 
even a few tens of hours, the emitted optical power can vary 
up to 10%. For this reason, it is needed to record the optical 
power variations that occur during the measurements. This 
task was accomplished deriving 10% of the emitted optical 
power to a reference photodiode by means of a beamsplitter. 

Moreover, the spot size and the shape on the cell (Figure 
10) have been measured by employing a beam imager, thus 
ensuring that no significant optical aberrations occurred. 
Furthermore, the choice of the beam diameter, set through a 
beam reducer, is important being a tradeoff between the 
spatial resolution of the measurements and their duration. We 
measured a D4σ beam diameter of 1.5 mm for the first 
measurement campaign (a 150 x 150 mm2 scan on the entire 
area of the cell) and of 0.22 mm for the second (a 50 x 50 
mm2 scan covering an angle of the cell). 

The x-y positioning, on a plane normal to the incident 
optical beam, is achieved making use of 2 software-
controlled linear stages with an accuracy of 5 µm and a 
maximum excursion of 15 cm along both axes. 

The short-circuit photocurrent provided by the cell and 
the photocurrent delivered by the reference photodiode are 
pre-amplified and converted into voltage. The two data flows 
are acquired by two analog inputs of a DAQ module, 
sampled, and displayed on the PC. The number of 
measurements per point, the stepper resolution and the 
scanned area are set via software. 

Figure 11 shows the results of the first measurement 
campaign performed on the sample nr. 1 obtained employing 
the red HeNe source, 100 acquisitions per point and an 
incident power density of 1000 W/m2. The same 
measurements, not reported in this paper, were performed on 
the sample nr. 2, obtaining almost comparable results. 
Similar tests were also accomplished, on both the samples, 
with the green HeNe source but with a lower incident optical 
power. 

Figure 11 exhibits, in 3D surface plots (Figures 11(a) 
and 11(c)) and 2D contour plots (Figures 11(b) and 11(d)), 
the output of the tests performed with a step of 1.5 mm 
between contiguous measurement points on the front and on 
the back sides of the cell. The front side shows a uniform 
photoresponse with a  maximum variation equal to 4%, while 
the back side appears less regular with a maximum variation 
equal to 18%. 

In order to investigate in more detail the photoresponse 
uniformity, we performed further measurements on two 
corners on the front and back sides of the sample nr. 2, with a 
higher spatial resolution (0.2 mm step between contiguous 
measurement points). They are represented in Figs 12 and 
13.  

These results permit to confirm the previous described 
outcomes and to appreciate the good uniformity of the 
photoresponse on the internal edges of the busbars and the 
fingers and on the external borders, even when compared to 
other LBIC measurements presented in literature [33-36]. 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
F. R. Galluzzo et al., Vol.9, No.4, December, 2019 

 2000 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 11. LBIC measurements on sample nr. 1 – (a) 
front side - 3D surface plot (b) front side – 2D contour plot 
(c) back side – 3D surface plot (d) back side – 2D contour 
plot. 

 

 

(a) 

 

        (b) 

 

(c) 

 

(d) 
 

Figure 12. LBIC measurements performed on two 
corners of the sample nr. 1. Both 3D surface plots and 2D 
contour plots are provided. (a) and (b) refer to the front side 
of the first corner. (c) and (d) refer to the back side of the 
first corner. 
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(a) 

 

        (b) 

 
    (c) 

 
    (d) 

Figure 13. LBIC measurements performed on two 
corners of the sample nr. 1. Both 3D surface plots and 2D 
contour plots are provided. (a) and (b) refer to the front side 
of the second corner. (c) and (d) refer to the back side. 

 

4. Conclusions 

This paper has presented an experimental investigation 
on bifacial silicon solar cells, both in terms of electrical 
characterization and LBIC analysis.  

If compared with traditional PV cells, these results are 
promising, also considering other similar works in literature. 
In particular, the LBIC measurements permitted to appreciate 
the good photoresponse uniformity (employing a minimum 
measurement step of 0.2 mm), especially on the front side 
but also on the internal edges (busbars and fingers) and on 
the external borders. 
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