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Abstract—Partial shading of CIGS modules can lead to
permanent damage of the module in the shaded area. This is
caused by harmful reverse bias voltages in the shaded area which
lead to reverse bias induced defects, also known as wormlike
defects. A lot is already known about the origin and propagation
of wormlike defects. However, the fundamental question; why is
CIGS so sensitive to reverse bias damage? has not yet been
answered. In this study we show that CIGS semiconductor
material in the presence of an electric field will spontaneously
decompose.

Keywords—CIGS, reverse bias, decomposition, partial shading,
reliability

I. INTRODUCTION

Partial shading of CIGS modules can lead to permanent
damage in the shaded area. A recent literature review [1] showed
that in all studies that measured electroluminescence (EL)
measurements after performing shading tests on CIGS modules
permanent damage was found. In EL these defects appear as
shunts. Closer visual inspection learns that the defects have a
very distinct appearance and are therefore often called wormlike
defects. Wormlike defects are caused by a large negative voltage
(reverse bias) and are trails of damaged material left behind by
a propagating hotspot. They act as local shunts that permanently
decrease module performance.

Research to the origin of these defects [2], [3] showed that a
chemical reaction is responsible for a change in composition,
and that the reaction propagates to a new spot when the material
is consumed. In a previous study [3] it was observed that the
TCO conductivity influences the propagation patterns and it was
concluded that the electric field has an important contribution in
the formation and propagation of wormlike defects. Further
evidence for the influence of the electric field was found in a
study between the relation of absorber thickness and reverse bias
voltage required to start wormlike defects [4]. In this study it
was shown that thinner cells required a much smaller voltage to
form wormlike defects.

The observed dependency on the electric field made us
hypothesize that the chalcogenide CIGS structure decomposes
under influence of a large electric field to the copper poor
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ordered vacancy compound (OVC) and copper selenide. The
reaction would be Cu(Ini;xGax)Se, decomposes in Cu(In;.
xGayx)3Ses + CuSe or Cu(In;xGay)sSes + 2CuSe. This
hypothesis is further supported by the fact that several studies on
the compositional changes in wormlike defects observed Cu rich
islands in the damaged material [5], [6].

The conditions of the initial reaction that forms wormlike
defects in CIGS solar cells is complicated to detect. In this study
the decomposition of CIGS semiconductor material used in solar
cells under the influence of an electric field is determined, using
a dedicated sample configuration. With this sample
configuration the conductivity of the CIGS material can be
measured using a simple one dimensional approach. By varying
the electric field changes in conductivity can be detected and
linked to changes in the CIGS material. To the best of our
knowledge this is the first time that it is shown that CIGS
decomposes when a large electric field is applied. This is an
important step towards understanding the complex mechanism
behind the formation of wormlike defects.

II. EXPERIMENTAL

A dedicated sample configuration was developed to measure
the conductivity of CIGS semiconductor material with different
compositions. Fig. 1 shows a schematic representation of the
sample layout as well as a microscope picture of the
molybdenum electrodes. The process steps shown in Fig. 1 (a)
are:

1. Deposition and laser structuring of the 400 nm Mo layer.

2. Coevaperation of 2 pm 3-stage CIGS and sputtering of a
150 nm i-ZnO capping layer.

3. Isolating of CIGS and opening the contacts by manually
removing CIGS with a scalpel. Contacting with silver
paint.

The i-Zno caping layer is added to protect the CIGS and does
not play a role in the electrical characterization. The laser pattern
is designed to leave a gap between rounded electrodes, that has
a defined distance. Two different laser patterns where used with
a gap between electrodes of 32 or 86 um. Electrical
characterization was performed by an 7V sweep from 0 to 50 V
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Fig. 1. Schematic and microscope photo of sample layout. In (a) a schematic cross section is given with from top to bottom the process 1 to 3 steps. A schematic top
view is drawn in (b) to indicate the approximate shape of the Mo islands after step 1 and the position of the isolation scribes after step 3. (c) Shows a microscope image

of the electrode gap after laser scribing (step 1).

in the dark with a Keithley 2400 source measure unit controlled
by Rera tracer III software. After contacting, the sample was
kept in the dark for a minimum of 60 seconds before performing
the 7V sweep.

III. RESULTS AND DISCUSSION

Fig. 2 shows a typical IV curve of an electrode pair with a
gap of 86 um. At low voltages the IV curve follows a straight
line, showing Ohmic behavior. At higher voltages the behavior
deviates from the straight line, followed by a sharp change in
current. This change in current could be both positive or
negative and indicates a change in material properties.
Therefore, we propose the term decomposition voltage for this
point on the [V curve, because after this point visual
compositional changes appear similar to wormlike defects.
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Fig. 2. IV curve of sample with a 86 um electrode gap. The measured 7V curve
is plotted as a blue solid line. The red dotted line is a superpolation of the
average slope netween 0 and 10 V to indicate ohmic behavior. The
decomposition voltage is indicated with a green asterix

The sharp change in current observed during the /} sweeps
is very similar to the increase in current during the formation of
wormlike defects [4]. The visual appearance after
decomposition is also very similar to the visual appearance of
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wormlike defects. A microscope picture of a sample after an IV
sweep can be found in Fig. 3. The composition of the defects has
not been studied in detail yet. However, initial microscopy and
Raman measurements showed similarities with wormlike
defects, created by reverse bias in CIGS solar cells. Just like in
studies of wormlike defects no traces of OVC or CusSe have
been found. The reaction is so aggressive that it is likely that the
initial reaction products (OVC + Cu;Se) are consumed in a
sequential reaction that gives the wormlike defects its distinct
appearance.

Fig. 3. Microscope picture of decomposed CIGS between two electrodes with
a gap of 86 pm.

Because of the 1D approach the measurements are very
reproducible. A large number of samples with CGI
(copper/(gallium + indium)) varying from 0.795 to 0.894 was
examined. All measurements showed the same behavior, as can
be seen in Fig. 4 where all measurements with a 32 pm electrode
gap are plotted up to the decomposition voltage. The different
shades of blue represent the copper content.
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Fig. 4. IV curves of all samples with a 32 um electrode gap up to the

decomposition voltage. The CGI of each sample is plotted in different shades
of blue, with the darkest color being the lowest CGIL.

From Fig. 4 it can be seen that both slope and decomposition
voltage depend on the CGI. Therefore, the dependency of the
normalized resistance and normalized decomposition voltage on
the CGI is given in Fig. 5. The normalized resistance has a
logarithmic dependency on CGI. The normalized decomposition
voltage, or electric field, is depending linearly on the CGI, with
the larger gap being less sensitive to the difference in copper
concentration. This might be a geometric effect caused by the
shape of the electrodes.

The exact relationships are still unclear. However, the
conductivity is depending on carrier density and mobility so it is
not unlikely that the semiconductor parameters have a large
influence on the decomposition properties.
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Fig. 5. Resistance and decomposition voltage normalized to electrode distance
plotted against CGI for two different electrode gaps. In all graphs the 32 and 86
um gaps are represented by dark blue circles and red squares, respectively.

IV. SUMMARY

The formation of wormlike defects during reverse bias is a
major reliability concern for CIGS solar cells and modules. One
of the unknown parameters required to predict the formation and
propagation of wormlike defects is the sensitivity of CIGS
towards an electric field. This is difficult to determine in the
traditional rather complicated CIGS solar cell stack. Therefore,
a dedicated device structure was developed to measure the

978-1-7281-6117-4/22/$31.00 ©2022 IEEE

influence of an electric field on the CIGS absorber material used
in solar cell. /V measurements on these structures showed that
CIGS material is spontaneously decomposing. We proposed the
term decomposition voltage for the electrical voltage required
for decomposition. The decomposition voltage was found to be
depending on CGI. The approach used in this study changed the
puzzle of decomposition of CIGS from the complicated solar
cell stack to a simple one-dimensional approach and proved that
CIGS is unstable in the presence of a large electric field.
Therefore, CIGS solar cells need to be protected against the
harmful effects of reverse bias.
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