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Abstract

The fill factor determined from a measured current-voltage characteristic of a bare solar cell depends on the number and positions
of the electrical contacting probes. Nine different geometries for contacting the front side busbars are used to measure the
current-voltage (I-V) characteristics of a 5 busbar industrial-type passivated emitter and rear totally diffused (PERT) solar cell
under standard testing conditions. The fill factors of the measured I-V characteristics vary from 78.5 %,ps to 80.6 %,,s. We
further measure the contacting resistance of 3 different contacting probes to estimate the sensitivity of measurements with
different contacting geometries on random resistance variations. The contacting resistance is 60 mQ for nine-point probes and 80
mQ for four- and single-point probes. We determine the magnitude of contacting resistance variations from measurements at
different probe positions to be +30 mQ. Using this variation, we perform numerical simulations and find a larger sensitivity on
random resistance variations for tandem- (pairs of current- and sense probes) compared to triplet (one sense- between two current
probes) configurations. The corresponding fill factor deviation is approximately 0.1%,,s for tandem configurations when the
contacting resistances of up to two current probes are altered. The sensitivity for triplet configurations is negligible.
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1. Introduction

The measurement of the current-voltage (I-V) characteristic is essential for classifying solar cells. A variety of
measurement setups is commercially available for this purpose. Comparing measurement results obtained with
different setups is not trivial, as the setups may differ in terms of illumination conditions, temperature control and
the electrical contacting of the cell. This paper focuses on the impact of different geometries for contacting the front
side of a solar cell on the fill factor (FF) of measured I-V characteristics. The front side of a solar cell is commonly
contacted in a four wire configuration with contacting probes mounted in a narrow bar to minimize shading. The
number and positioning of the contacting probes along the bar can be very different between individual
measurement setups. One possibility to contact a solar cell for an I-V measurement is to place the contacting probes
to reflect the module integration of the solar cell which is, for example, suggested in [1], [2]. However, the module
integration of cells can differ and measurement results obtained with this contacting approach cannot be easily
compared for different measurement setups. Another approach is to measure the cell such that the results are
comparable across different setups. To achieve this comparability the contacting probes can be placed such that the
busbar (BB) resistance is neglected [3]-[5]. In this work we measure the [-V characteristics of a 5 BB solar cell
using 9 different contacting geometries in order to estimate the implied systematic deviations between
measurements with different contacting geometries. We further measure the contacting resistance of different test
probes and analyze the differences between tandem and triplet configurations in terms of their sensitivity on random
variations of the contacting resistance using numerical device simulations.

2. Contacting geometries
2.1. Variable contacting bar

In order to measure I-V curves of the same solar cell with a variety of different contacting geometries we use a
freely configurable contacting bar manufactured by pv-tools [6] which is shown in figure 1. This contacting bar
features two low-resistivity conducting paths which are insulated from each other. The first serves as current
conducting path and the second for voltage sensing. The contacting probes can be mounted in a total of 31 slots and
then connected to either of the conducting paths using a jumper cable. The distance between the slots is 5 mm. The
connection to the conducting path for voltage sensing is realized over a 500 Q resistor to minimize current flow over
the conduction path. The low resistivity of the current conduction path ensures that all current contacting probes are
at the same potential.
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Fig. 1. Variable contacting bar with a total of 31 removable test probes. Each of these test probes can be used as a sense or a current probe by
connecting the jumper cable to the respective conducting path.

2.2. Measuring the busbar resistance

The deviations between measurements with different contacting geometries arise from potential variations along
the BBs of the solar cell. The main impact on this potential variation rises from a nonzero BB resistance and the
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