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Abstract. Under standard test conditions, the spectral irradiance of artificial solar light sources and the
spectral response of photovoltaic devices are important factors that affect the accuracy of device test results.
This paper takes the standard solar spectrum AM1.5 as a reference, and calculates the difference between
the four commonly used artificial solar light sources (Arc Lamp, Q-Flash, Q-Flash w and ELH) and the
standard solar spectrum AM1.5 from the perspective of spectral mismatch. The spectral mismatch factor
and the output parameters of the amorphous silicon cell under the irradiation of these light sources.
Calculations show that the spectral mismatch factor of Arc Lamp is only 1.005, which matches the standard
solar spectrum AM1.5 best. Due to the effect of spectral mismatch, the output parameters of amorphous
silicon cells will change significantly after different artificial light sources irradiate them.

1 Introduction

With the continuous expansion of the application field of
photovoltaic power generation technology and the
increasing complexity of applications, the stability and
reliability of photovoltaic power generation systems
have become one of the main obstacles hindering the
further development of this technology [1]. Solar cells
are the core components of photovoltaic power
generation systems. They mainly work in series and
parallel components in photovoltaic power generation
systems. Therefore, whether the parameters of the solar
cells in the components match or not will have a direct
impact on the stability and reliability of the components.
And ultimately affect the performance of the entire
photovoltaic power generation system. In the production
process of photovoltaic modules, the main method to
ensure the matching of battery parameters in the module
is to classify the performance of solar cells based on the
output parameters of the cells under standard test
conditions (STC), so how to accurately obtain the solar
cell output under STC Parameters have always been a
hot issue in the field of photovoltaic power generation
[2,3].

At present, the widely accepted and adopted battery
cell test conditions are the standard test conditions (STC)
formulated by the IEC (International Electrotechnical
Society), which stipulates [4]: The spectral distribution
of the light source is AM1.5, and the radiation intensity
is 1000W/m?; the test cell has a uniform temperature
distribution, and the temperature should be 25°C.
Research shows that [5]: If the test environment
temperature and the temperature of the temperature
control system are strictly controlled at 25°C, the battery
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temperature and its distribution during the test basically
meet the STC requirements of the IEC. Because the light
source used in the battery test process is a variety of
artificial solar light sources, its spectral properties are
not consistent with AM1.5, so under the condition that
the temperature is accurately controlled, the test error of
the battery output parameters is mainly caused by the
difference between the test light source and AM1.5 The
mismatch between the spectra leads to [6].

In the study of the spectral mismatch between the
test light source and AMI1.5, the mismatch factor is
mainly used to describe the degree of mismatch between
the two spectra [6] and to correct the error caused by the
output parameters of the battery or component due to the
spectral mismatch [7]. For example: Field et al. studied
the relationship between the spectral mismatch factor
and the radiation wavelength of the test light source [8];
J. Hohl-Ebinger et al. studied how to use the spectral
mismatch factor to correct the output parameters of the
battery under standard test conditions [9]; Y. Imai et al.
studied the relationship between the performance
degradation of photovoltaic modules and the spectral
mismatch factor under different radiation levels [10];
M.Tsuji et al. used the spectral mismatch factor to
predict the output parameters of photovoltaic modules
under practical conditions [11]. At present, most studies
on the problem of spectral mismatch use the AMI.5
spectrum as a reference to discuss how to improve the
test accuracy of a single artificial light source under
standard test conditions and predict the degradation of
battery or component output parameters under actual use
conditions.

This article uses the standard AM1.5 solar spectrum
as a reference, uses the spectral response curve of a
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crystalline silicon cell, discusses the spectral mismatch
of four common artificial light sources, and combines
the battery output parameter analysis to select artificial
light sources and improve artificial light sources under
standard test conditions. The test accuracy of the light
source provides a certain reference.

2 Battery models and spectral mismatch
assessment methods

The numerical calculation method, calculation process
method, grid division scheme and data processing
process used in this paper are all consistent with the
literature [5,12,13].

2.1. The battery model

The structural model of the amorphous silicon cell is
shown in Figure 1. Where h1 represents the thickness of
antireflection film (ARC, select SiNy film), h2 represents
the active layer thickness, h3 represents the buffer layer
(BL, select ZnO thickness) and h4 represents the back
mirror thickness of Ag (Ag BR) respectively. L
represents the period of texture structure of the woven
amorphous silicon cell, and @ is the texture angle.

During the calculation 21 = 75nm , h2 = 500nm
h3=100mm , h4=200mm , 6=54.7 |,
L =450nm .
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Fig. 1. Amorphous silicon cell structure model.

2.2 Methods for evaluating spectral mismatches

The four artificial light sources selected includeXenon
arc lamp (Arc Lamp), Q-Flash lamp, Q-Flash w lamp
and ELH lamp, of which the xenon arc lamp (Arc Lamp)
is a gas discharge lamp with high brightness and a
spectrum close to AMI.5 spectrum is the most
commonly used light source in solar battery testing; Q-
Flash lamp and Q-Flash w lamp are two kinds of flashes,
which can output high-energy light instantly, and are
mostly used in the test process of battery or component
transient characteristics; ELH lamp is a kind of
projection lamp widely used in simple solar battery test
system. In the numerical calculation, the spectral data of

various artificial light sources and the optical parameters
of materials come from professional data websites [14].
Figure 2 shows the comparison between the standard
AM1.5 spectrum and the spectrum of four artificial light
sources. Obviously, from the perspective of the energy
density envelope curve according to the wavelength
distribution and the characteristic spectral peak, the
spectrum of these artificial light sources is significantly
different from the AMI.5 spectrum. From the
perspective of the solar cell photoelectric conversion
process, the deviation of the spectrum of the artificial
light source from the AMI1.5 spectrum will inevitably
cause the output parameters of the battery to drift, which
in turn affects the test accuracy of the output parameters.
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Fig. 2. Comparison result of spectral irradiance.

The spectral mismatch factor (MM) is usually used
to describe the degree of spectral mismatch between
artificial light sources and standard sunlight. Definition
of MM [15]:

[[E,(2)5,(2)dz [ E(2)S,(2)dA

[E(2)s.(2)dz ["E.(2)S,(2)dA

In formula (1), £ and E, are the standard solar

MM = (1)

spectrum (AM1.5) and the artificial light source
spectrum, respectively; SS and S; are the spectral

response of the reference battery and the test battery
respectively; aand b are the spectral absorption limits
of the reference battery, respectively; cand d are the
spectral absorption limits of the test battery, respectively.
Considering that the output parameters of the reference
battery are accurate under standard sunlight irradiation,
this article discusses the spectral mismatch problem of
artificial light sources based on this situation as the
standard, so in the simulation process, a reasonable
assumption is often used it is assumed that the spectral
response of the reference cell under standard solar

radiation is 1, that is S =1, [15]. Considering
J= J-E(ﬂ)S(ﬁ)d/l (Eis the irradiation spectrum,

S'is the spectral response). Then Equation (1) will be
transformed into:

MM = =20 Q)
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In formula (2), £ and E, are the total radiant
energy of standard solar radiation and artificial solar
radiation respectively; J, is the photocurrent density of

the cell under standard solar irradiation; J . 1s the

photocurrent density of the battery was measured under
the irradiation of artificial light source. In the actual cell
test process, if MM>1, it means that the output optical
power of the artificial light source is too large; if MM<I,
it means that the output optical power of the artificial
light source is too small; if MM=1, it means that the
artificial light source matches well with AM1.5.

3 Results and discussion

3.1 Methods of evaluating spectral mismatchs

When light is incident on the amorphous silicon solar
cell, the metal mirror on the back surface can effectively
prevent the light from leaking from the bottom surface of
the amorphous silicon cell. Therefore, from the
perspective of energy conservation, the incident light
will finally be decomposed into two parts: absorbed light
and reflected light. The absorbed incident light will
generate photo-generated carriers inside the amorphous
silicon cell and form a photocurrent. Figure 3 shows the
distribution of the absorption coefficient and reflection
coefficient of the amorphous silicon cell in Figure 1.
Note: The spectral response in formula (1) is closely
related to the absorption coefficient of the device, but it
is not completely consistent. It can be seen from Figure 3
that in the short wavelength range 300nm ~ 400nm ,
because the refractive index of the amorphous silicon
battery material itself is relatively calibrated, the
reflection of incident light is also weak, so the absorption
coefficient of the amorphous silicon battery in this
wavelength band is relatively large; in the wavelength
range 500nm ~ 800nm , because the refractive index of
the amorphous silicon battery material increases with the
increase in wavelength, the absorption coefficient of the
amorphous silicon battery in this band is relatively small;
within the range 800nm ~1200nm , the absorption
coefficient of amorphous silicon material is very small.
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Fig. 3. Light absorption and reflection of amorphous silicon
solar cells.

3.2 Mismatching factors of four kinds of
artificial light sources

Table 2 shows the total photocurrent density after
AM1.5 and four kinds of artificial light sources irradiate
amorphous silicon cells. It can be seen from Table 2:
The total photocurrent density of the amorphous silicon
cell irradiated by the Arc Lamp and 120 V ELH artificial
light sources is less different from the total photocurrent
density of the AMIL.5 light source irradiated by the
amorphous silicon cell, while the Q-Flash the total
photocurrent density of amorphous silicon cells
irradiated by artificial light sources of type and Q-Flash
w is quite different from the total photocurrent density of
amorphous silicon cells irradiated by AM1.5 light source.

Table 1. Photocurrent density of amorphous silicon solar cells
under various spectra.

Total photocurrent
Light source density
(mA * cm?)

AML1.5 12.0420
Arc Lamp 12.2585
Q-Flash 9.5220
Q-Flash w 5.8421

120 VELH 10.6636

Using formula (2), the total mismatch factor MM
value of the four artificial light sources can be calculated,
as shown in Table 2. It can be seen from Table 2:
Because MM>1 and MM<I have mutual compensation
effects, the relationship between the total mismatch
factor MM of the four artificial light sources is: MMy.
Flash w”MMo-Flashi>MMi20 v ELH >MMarc Lamp, and the test
accuracy is just the opposite.

Table 2. Mismatching factors of four kinds of artificial light

sources.

Light source Total MM
Arc Lamp 1.010
Q-Flash 0.877
Q-Flash w 0.636
120 VELH 0.922

3.3 Changes in output parameters of crystalline
silicon cells due to spectral mismatch

The output parameters of solar cell mainly include:
short-circuit current (Isc), open-circuit voltage (Voc),
short-circuit current density (Jsc), filling factor (FF),
conversion efficiency (77), etc. Table 3 shows the output
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parameters of amorphous silicon cells irradiated by
AM1.5 and four kinds of artificial light sources.

Table 3. Output parameters of amorphous silicon cells
irradiated by four kinds of artificial light sources.

Light Jse Voc FF n
source | (mA * cm-2) W) (%) (%)
AM1.5 7.1788 1.0764 | 87.5751 | 8.1788
Arc -7.4038 1.0775 | 87.6107 | 8.3917
Lamp
Q-Flash -4.5881 1.0643 | 87.5135 | 5.7148
Q'FviaSh -0.7378 1.0177 | 87.3626 | 1.0389
120V
ELH 5.9707 1.0708 | 87.7204 | 7.0568

4 conclusion

In this paper, the mismatch factors between the spectra
of four different artificial solar light sources and the
standard solar spectrum AMI1.5 were studied, and the
variation of the output parameters of amorphous silicon
cells caused by the spectral mismatch was given. The
main conclusions are as follows: the four kinds of
artificial solar light sources all have different degrees of
mismatch with the standard solar spectrum AMI1.5: the
Arc Lamp type artificial light source has the minimum
MM value of 1.01, which is the best match with the
standard solar spectrum AMI.5; the maximum MM
value of Q-Flash w artificial light source is 0.636, and
the mismatch between Q-Flash w and standard solar
spectrum AMI1.5 is the most serious. Under the
irradiation of four kinds of artificial light sources, the
four output parameters of crystal silicon cells deviate to
different degrees. By integrating the absolute error data,
it can be seen that the deviation of the four output
parameters of Arc Lamp artificial light source is
relatively small. Q-Flash w type artificial light source of
four output parameters deviation is relatively large.
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