23nd European Photovoltaic Solar Energy Conference and Exhibition
Valentia, Spain, 1-5 September 2008

M easurement precaution for concentrator MJ solar cell modules

G.Timo®, A.Minuto®, EMalvisi Y, G.Smekens®, Matthias Sturm @
WCESI RICERCA, Via Rubattino, 54 Milan, Italy,
e-mail:gianluca.timo@cesiricerca.it; alessandro.minuto@cesiricerca.it; emanuele.malvisi @cesiricerca.it

@ENE, Avenue van der Meerschen 188 B-1150 Brusseles, Belgium

e-mail: enepv@skynet.be
3 Splar* TEC AG, 2a Lenbachplatz , Munchen, 80333, Germany

e-mail: Sturm@solartecag.de

A frequency response measurement of multijunction (MJ) concentrator modules has been carried out and compared
with the frequency response measurement of single junction concentration modules, considering different module
cells connection scheme. It has been found that the current time response of the module to voltage step variation is
mainly dependent on module cell layout and less dependent on the cell type. Module response time of few
microsecond limits the number of -V points to be acquired during the short duration of the flash simulator.
Measurement precaution were identified in relation to the dark IV test considered in the IEC 62108 normative.
During this test, shunts effects induced by current polarisation can be set up in function of the particular cell
connection scheme adopted in the module. Negative resistance behaviour on the CPV module IV curve over a certain
current threshold was detected as well. Light CPV module emission and a detailed 1-V characterisation of the
receiver and cells have been carried out in order to explain the shunts effects and the I-V curve behaviour. Some
useful measurement precaution to be adopted for the 10.2.4 |EC test are suggested.
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1 INTRODUCTION

Testing and qualification of CPV modules is becoming
more and more important since CPV technology is close
to the commercidization phase [1]. A strong interest
concerns PV outdoor and indoor measurements (see for
example [2]) and in particular the development of novel
solar simulators, both single [3] and multi-flash [4], to
answer the need for fast, reliable and accurate test of
CPV modules in production lines. Flash testing, in fact,
is an attractive technique for characterising concentrating
CPV modules, sinceit allows to reach high concentration
values avoiding introducing cooling device [5]. On the
other hand, for single flash tester, where the entire I-V
curve is swept out in few millisecond, transient error can
be introduced, because most modern systems use active
cell bias circuitry and due to the feedback loop, they can
become unstable in relation to the response time of the
module. Even in multi-flash testing with constant voltage
flash tester, change in light intensity do cause some
charge redistribution. In other word, cell current will not
respond instantly to changing light intensity, therefore
transient error are possible [6]. Since in last year an
intensive research has been carried out to develop CPV
modules based on MJ solar cells [K], a detailed analysis
on the frequency response of MJ modules is particularly
important to avoid transient errors when flash testing is
adopted. With this contribution the authors report
detailed experimental results on the frequency response
of MJ modules, compare this measurements with the
frequency response of SJ modules characterised by
different layout cell connection schemes and give some
useful indication on the measurement precaution to be
adopted when flash testing is used. As far as the CPV
module qualification is concerned, the PV community
has recently approved the IEC 62108 normative.

Applying the foreseen 10.2.4 test ( dark IV test) on TJ
concentrating modules we have individuated some
critical issues. In fact even adopting some measurement
precaution, shunt effects were introduced during these
tests. Further negative resistance behaviour on the
module IV curves was detected over a certain current
threshold. Electrical module biasing, electrical circuit
simulation and a detailed 1-V characterization of the
receiver and cells on the CPV module have been carried
out to explain the curve behaviour and the shunt effects.
It will be showed that when the aforementioned IEC test
is performed, some precautions should be adopted on the
module current control at a cell level, depending on the
cell module lay-out, to avoid possible degradation of
parts of the CPV module. This measurement precaution
could be included in the next version of the IEC
normative.

2 CPV MODULES

Three different CPV modules have been tested: SJ
GLASS, SJ ST40 and MJ ST40. The first one is a single
junction module consisting of twelve receivers connected
in series, each containing twelve cells connected in
paralel. The second and third ones are respectively a
single and multijunction module with the same cell
layout connection scheme consisting of sixteen receivers
connected in series, each containing nine cells connected
in parallel. The SJ ST 40 and the MJ ST 40 were
manufactured by SolarTec while the SJ GLASS module
was manufactured by loffe Ingtitute. SJ cells were
manufactured by ENE, while TJ cells were supplied by
an external source. The modules were designed to operate
a about 750 x. and adopted silicone Fresnel lenses with
different focal length.
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3 FREQUENCY RESPONSE MEASUREMENT

For the study of concentrating solar cells and modules
transient behaviour the experimental apparatus
schematically showed in figure 1 has been set up.
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Figure 1. Electrical test circuit

The experimental apparatus is mainly composed of a
function generator, an operational amplifier in buffer
configuration, an oscilloscope, two digital multimeters
for current and voltage measurements and other electrical
components. The frequency analysis has been performed
according to the following schematic procedure. Defined
the dynamic electrical model associated to test electrical
circuit we have identified its symbolic transfer function
and related order. For a preliminary investigation we
have identified a second transfer function due to the
presence of cell capacitance and the wire inductance in
the circuit. By utilising the Matlab system identification
tool it was then possible to get the numerical value of the
transfer function, from which we have simulated the
admittance frequency response of the e module and the
current response to voltage impulse and step. Finaly by
comparing the symbolic transfer function with the
numerical value of the transfer function identified with
Matlab we solved the related non linear equation system
to get the cell dynamic parameter, Rd, C and L. A
detailed description of the experimental apparatus, the
dynamic circuit modelling and test procedure adopted for
the frequency response measurements will be reported
elsewhere [7]. The test circuit allows a DC polarisation
of the cell/module with a superimposed stochastic
oscillating small signal. The digital oscilloscope was able
to acquire 10000 samples of the displayed input and
output voltage signals. The sample time was aways 4
108 sec. It permitted to acquire 1/0 signals up to
12.5Mhz without aliasing.

3.1 Results and discussion

In figure 2, the admittance frequency response of the
three CPV modules is reported. Both the MJ and SJ
ST40 module which were configured with the same cells
connection scheme show a similar frequency response.
The SJ glass module, characterized by a lower number of
receivers connected in series and with receivers
characterised by an higher number of cells connected in
paralel shows an higher admittance at low frequency
value and a resonance peak shifted to a lower frequency
value as well. By increasing the current polarisation
value, the admittance value increases at lower frequency
owing to the decreasing of the dynamic cells resistance,
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while a shifts of the resonance peak is found because of
the variation in the cells capacitance value. This
behaviour, which is showed by all modules, is reported in
particular for the MJ module in figure 3. Further, when a
certain current polarisation threshold is reached, the
resonance peak disappears and the frequency response of
the module is mainly due to L/R time constant which is
higher than the RC time constant.
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Figure 2. Admittance Bode diagram module and phase
related to the different CPV modules at current
polarisation value of 50mA.
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Figure 3. Admittance Bode diagram module and phase
related to the MJ CPV module at different current

polarisation values.

From figure 3 and 4 it is clear that once the resonance
peak is removed at higher polarisation current value, the
oscillating behaviour of the module current disappears
and stable condition can be reached earlier. However,
depending on the current polarisation value and the
module cell layout, the transient behaviour of the module
can last few microseconds, therefore when flash duration
of few millisecond are used a limitation on the number of
pointsin the I-V curve must be considered. For example,
if the flash duration lasted 1 millisecond, the logging of
200 I-V points would mean to introduce voltage step of 5
microsecond, a time which would be comparable with the
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response time of the module: in this case possible
transient error could be introduced.

Figure4 Current response to voltage step of the MJ
module in function of the current polarization.

Figure 5. Current response to voltage sep for the
different CPV modules at the same current polarisation.

Figure 5 confirms again a comparable response for the SJ
and MJ ST40 module, while the glass presents a different
oscillation period and amplitude.

4 DARK |-V TEST

The dark 1-V is manly used to establish a reference for
later dark 1-Vs. It is performed before and after the test
sample’'s shipping to evaluate any possible change.
However by applying the dark |-V test foreseen in the
IEC 62108 normative we have individuated some critical

issues. In fact even adopting some measurement
precaution, shunt effects were introduced during these
tests.

4.1 Results and discussion

In the following are displayed two |-V curves: the purple
one is related to the MJ module after dark polarization
tests; the blue one is related to the module before dark
polarization tests.
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Figure 6. I-V curve of a TJ module before and after the
dark polarization tests.

After dark polarization tests some receivers suffered
some degradation, evidenced by the lower built in
voltage measured on the module. To put in evidence the
degraded receivers, the module was inspected for light
emission as showed in figure 7 and each receiver voltage
was measured as reported in table 1.

Figure 7. The picture shows the sixteen receiversin the
module and the cells working as light emitting diodes
during the current polarization of the module. “Dark
receivers’ put in evidence possible shunt paths.

Table |: Voltage measurement carried out on each
receiver.

N° Voltage N° Voltage N° Voltage
rec. V) rec. V) rec. V)

1 2.992 7 2.992 13 2.979
2.985 8 3.002 14 2.990
2.979 9 1.770 15 2.996

3.005 10 1.901 16 2.108

1.737 11 1.782

o0 wW|N

1.560 12 3.009




23nd European Photovoltaic Solar Energy Conference and Exhibition
Valentia, Spain, 1-5 September 2008

The degradation has been observed once the module
experimented a sudden rise in the current, even if a
limiting current supply was used during the dark
polarization tests. It isimportant to point out that during
these tests the current value was kept below the short
circuit current of the module and the 10.2.4.1 |IEC test
even allows to adjust the current value up to 1.6 times the
Isc module. Nevertheless, during the dark polarization
tests possible shunt affects were introduced in some
receivers. Another surprising result was related to the
negative resistance behavior which characterized the 1-V
curves of the module (before and after the dark
polarization tests), once a certain current threshold was
overcome. In order to check the possible shunt effects
and understand the negative resistance behavior observed
in the module |-V curves, each receiver and solar cell
were characterized individualy. The results are reported
in figure 8, 9 and 10.
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Figure 8: I-V curves related to the sixteen receivers of
the module whose 1-V curves have been reported in
figure 6.
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Figure 9. I-V curves related to the cells of the receiver
N.9 whose cells did not emit light during the current
polarization test reported in figure 7.

The shunted behavior of the cell can be explained as the
following. Owing to the particular cell lay out of the
module, where each receiver presents nine cells in
paralel, it is clear that during the dark current
polarization test an unequal current distribution among
the cells in the receiver cannot be avoided. The parallel
electrical connection of the cells can allow most of the
current to be forced into the cell with the lower resistance
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Figure 10. I-V curves related to the nine cells of the
receiver N.12 that showed a negative resistive behavior in
the |-V curve along with the receiver 1-V curve.

path and possibly cause a further lowering of its shunt
resistance damaging the cell. Therefore, according to the
module cell layout, the dark polarization test could
introduce shunt effects which would never introduced
during the normal operation of the module, where all the
cellswork as current generators. In principle, temperature
measurement could be used to check for unequa solar
cell temperature rise, which are indirect measurements of
higher current absorption [8]. However, if the module has
a correct thermal design it is difficult to detect such
temperature difference from the back side of the module.
To avoid the possible degradation of the module, where
the receivers present a different number of cells
connected in parallel, the dark polarization test could be
replaced by alight emission test, where tens of milliamps
are sufficient to detect light from each cells and allow to
log the data to establish a reference, without introducing
the risk of cell damaging. Finally to explain the negative
resistive behavior measured at high polarization current
each receiver was singularly characterized. This allowed
to check areceiver with a similar 1-V behavior, then the
cells of this receivers were singularly characterized as
reported in figure 10. Surprisingly none of the cells
presented the negative resistance behavior found in the I-
V curve of the receiver. Since the cells were disconnected
from receilver to measure their |-V curve, it was
concluded that the negative resistance behavior found in
the I-V curve of the receiver could be due to added
junctions introduced by wire connection of the cells to
the receivers. These added junction have reverse polarity
with respect to cells, than during the IV curve
measurement are reversed polarized. After a certain
current threshold the junction break down is expected
and it is responsible of the negative resistance behavior
detected.

5 SUMMARY AND CONCLUSION

Frequency response of the MJ CPV module depends
mainly by the cell layout connection scheme. By
increasing the number of cell connected in paralel in
each receiver the capacitive behaviour of the module
incresses. The transient behaviour of the module can last
few microseconds, then when an elevated number of |-V
points are measured (for example 200) transient error can
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be present by using solar simulator with 1 ms flash light
plateau. Accordingly, areduced number of measurement
points should be logged to alow the I-V measurement
with the module in steady state. When performing the
dark polarisation test foreseen by the IEC 62108
normative possible shunt effect can be introduced in
modules with receivers having a number of cells
connected in parale. For this reason the dark
polarization test could be replaced by a light emission
test, where tens of milliamps are sufficient to polarized
the module, detect light from each cells, alow to check
data to establish a reference, without introducing the risk
of cell damaging.
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