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Summary:

This paper deals with a novel approach of using a multi frequency eddy current measurement system
for analyzing the quality of solder joints in a photovoltaic (PV) module. Due to environmental condi-
tions, thermal cycles and variable load situations the solder joints of the cell connectors inside a pho-
tovoltaic module suffer and properly lead to degradation or even worse to completely fail, which in turn
can be accountable for burn marks, hotspots, arcing discharges and of course, substantial power
losses. With the presented approach, the conductivity of each solder joint can be individually ana-
lyzed, enabling the possibility of early failure detection in-line or even in the field. The measurement
results show that the evaluated states correlate to conductivity decrease of solder joints, which can be
confirmed by electroluminescence (EL) images of a solar cell.
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Introduction and Principle

The photovoltaic (PV) technology plays an im-
portant role in the sector of renewable energy
sources. Many companies and research insti-
tutes try to raise the efficiency of PV modules, to
increase the power output and additionally re-
duce their manufacturing costs with novel tech-
nologies, materials and setup concepts. In addi-
tion, within the last two years, sustainability and
End-of-Life (EoL) management started to gain
major importance within PV technologies. In that
sense, the Austrian flagship project “Sustainabe
Photovoltaics - PVRe?” aims to increase the sus-
tainability of electricity generation from PV. One
of the major issues are defect solder joints (so-
called “cold solder joints”). This failure is mostly
resulting from solder joint cracks, which in turn
can be accountable for burn marks, hotspots,
arcing discharges and of course substantial
power losses.

This paper deals with the analysis method of the
solder joint quality control. Since the cells are
fully encapsulated, a conducted measurement
method for analyzing reasons is impossible. So,
one particularly well-suited noninvasive method
is eddy current testing, which is mainly used for
detecting cracks in surfaces, but can also be
used for electrical conductivity measurements,
[11, [2]. The method is based on the physical
phenomenon of electromagnetic induction. If a
wire coil that is supplied by an alternating current
thus generating an oscillating magnetic primary
field is brought closely to a conductive material,
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a circular flow of electrons, which is known as
eddy current, will appear in the conductor, refer
to Fig. 1. The eddy current will in turn generate
its own secondary magnetic field, which interacts
with the wire coil described through mutual in-
ductance, [3].
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Fig. 1. Primary and secondary magnetic field generat-

ed by eddy currents in an electrically conductive mate-
rial, [1].

Primary magnetic field

Any change in the thickness of the metal, or
other disturbances like changes in the conductiv-
ity alter the amplitude and pattern of the eddy
current and its resulting magnetic field. This
leads to a varying impedance of the coil, that is
measured to determine the nature of the disturb-
ance, [4]. This kind of non-destructive testing
strongly depends on the penetration depth,
which is influenced by the frequency of the
measurement system as well as the magnetic
permeability and conductivity of the test material.
While the eddy current density is highest near
the surface, the probing depth can be steered
through frequency variation. Probing depths of
several millimeters can be achieved in non-
magnetic materials, which makes this method an
ideal candidate for our purposes as wires, con-
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nectors and solder joints in PV cells have typical
thicknesses in the order of max. 0.3 mm. Eddy
current measurements are always calibrated
according to an appropriate reference standard
like air, or to a known good sample.

Measurement Setup

As probe a handmade air coil was developed
with a diameter of 12 mm and a length of 10 mm,
which resulted in an inductivity value of 76 uH,
refer to Fig. 2 a.). This sensing element was
connected to an impedance analyzer E4990A
from Keysight, which was set to the desired fre-
quency range of 1 kHz to 5 kHz. Eddy current
measurement systems are influenced by several
other effects in addition to the material proper-
ties: Most important are the distance to the de-
vice under test (DUT), which is referenced to the
dimensions of the probe, as well as the align-
ment to it, but also vibrations or movements of
the sensor probe during the measurement have
to be avoided. When applying this technology to
PV modules, the setup is well defined, because
the probe can be pressed onto the backsheet of
the PV module during the measurement, so the
distance remains constant and even the position
is set, leading to stable and repeatable results.

Measurement Results

To verify the system setup, a single cell was
laminated identically as it is used in a PV mod-
ule, see Fig. 2 b.). Two interconnections (busbar
ribbon & cross-connector) on the upper side
were not soldered (red), while the other ones
were soldered properly (green).
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Fig. 2. a.) Sensor probe, b.) Test-cell with soldered
and not soldered junctions for system verification.

To simulate a degradation of the cell due to ag-
ing effects it was artificially aged running through
100 thermal cycles from -40°C to +80°C, accord-
ing to the international standard IEC 61215. This
degradation effect was analyzed by electrolumi-
nescence method and quantified by greyscale
values, shown in Fig. 3.

For each measurement, the probe was located
over a solder joint one after the other. Additional-
ly, a measurement without a target was per-
formed that depicted the reference for normaliz-
ing the result. In a post processing step, the var-
iation between the 1 kHz and 5 kHz result was
calculated, according to the theoretical equa-
tions. Finally, the results were correlated to the
electroluminescence image of the cell. The bright
shining regions illustrate a higher current flow
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due to better contacts between the wires, while
the darker regions lead to lower currents due to
higher resistances or lower conductivities. Tab. 1
presents the achieved results of all solder joints
after processing. Due to the fact of small varia-
tions, a region of fluctuation is noticed, while the
bad junctions show a significant increase in val-
ue.

Table 1. Analyzed junction conductivity
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Fig. 3. Electroluminescence measurements of the PV
cell before (left) and after thermal aging (right).
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Conclusion

The presented multi frequency eddy current
measurement method and achieved post-
processing calculation results are in good
agreement with the electroluminescence investi-
gations of a PV cell.
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