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ABSTRACT: To obtain screen printed grid lines on solar cells with a low contact resistance is a difficult task, since the contact
formation is very sensitive to many parameters. For optimisation of the metallisation processing, information about the spatial
distribution of the contact resistance on a cell is extremely valuable. A technique to measure this distribution has been found
and patented recently; it is based on potential mapping on a short-circuited cell under illumination. By now, this technique is
incorporated in an instrument available for the PV industry, called the Corescan. In addition to contact resistance scanning, the
Corescan can locate shunts when operating the cell under forward bias in the dark.
As an example of the use of the instrument, Corescans were made on cells printed with different pastes and fired at different
conditions. The scans show that cells with different pastes can be distinguished by their typical Corescans. One of the pastes
produces no acceptable fill factor for any firing condition, but the Corescan shows that at least a part of the cell is contacted
well for all conditions, which means that the paste has potential. For the other paste, with which a FF of 77 % was reached, the
Corescan pattern indicates wether the firing temperature is too low or too high. Noting that good contact is still possible on a
part of the cells with low FF, it should be possible to create a larger firing window, by enlarging these good contact regions.
To conclude, by the development of the Corescan, the PV industry is now provided with a technique to map contact resistance.
This instrument is a valuable tool for fault detection, error diagnosis and process optimisation.
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1. INTRODUCTION
A good contact below screen printed lines is one of the
key issues in industrial crystalline silicon solar cell
processing. Although it is possible to achieve fill factors
of 78% for screen printed cells in the laboratory, in
industry 5-10% lower fill factors are common due to the
sensitivity of contact formation. To take the right
decisions when optimising the metallisation processing,
information about the contact resistance distribution on
the cell is extremely valuable. Recently, a method to
measure this distribution has been patented [1] and
published [2]. So far, only a laboratory set-up based on
this technique existed. An industrial version of this set-up
has been developed; it is called the Corescan (from
COntact REsistance) and is available for the PV industry
by now. A picture of the Corescan is shown below:

The Corescan maps the contact resistance of the front side
metallisation in only a few minutes. The Corescan can
also locate shunts, while operating in another mode.
There are many factors that can be responsible for poor
contacting. The print quality is determined by the print
pressure, paste rheology, screen cleanliness and screen
quality. The sintering of the metal paste can be influenced
by emitter homogeneity and sheet resistance, antireflection coating homogeneity and thickness, temperature
homogeneity and stability of the furnace.
If the firing temperature is too low and/or the firing
duration is too short, the sintering will be incomplete and
the contact resistance is therefore too high. Using contact
resistance scans, the remarkable fact was found that this
sintering failure often does not occur on the entire cell, but
in regions instead [2,3,4].
The temperature can also be too high and/or the firing
duration too long, resulting in contamination of the
emitter with paste constituents. When this contamination
is limited, it will not result in real shunting behaviour, but
in higher space charge recombination, leading to a more
rounded curve. This effect should not be mistaken for a
high contact resistance. To separate contact resistance
effects on the fill factor from ‘intrinsic’ effects, both the
fill factor FF of the standard J-V curve and the intrinsic
fill factor FFi of the ‘series resistanceless’ J-V curve as
determined by the JL–Voc method should be determined.
The difference between FF and FFi is a good indication of
the effect of series resistance on the cell operation and is
denoted by ∆RsFF:

∆ Rs FF = FFi − FF

Figure 1: Photograph of the Corescan

The easiest and quickest way of using the JL-Voc method is
during the decay of a flashlight, as was recently proposed
by Sinton[5].

In this paper, the Corescan will be described first. To
give an example of the benefits of the Corescan, scans on
cells from a firing experiment with two different pastes
will be presented. Before performing the Corescans, all
cells were first measured with the JL –Voc method to
determine the ∆RsFF values.

An example of Corescan potentials measured along one
scan line is shown in Figure 3:

2. THE CORESCAN
The Corescan is an instrument to locate points with high
contact resistance or low shunt resistance. The
fundamental idea behind the Corescan is to identify
resistance problems by mapping of the electric potential
on the surface of a cell while a current flows through it.
By changing the cell operating conditions, it is possible to
choose between contact resistance measurement or shunt
locating.
In [1,2], the shunt locating method has already been
discussed in more detail. It is based on the fact that a
shunt creates a local potential dip around it when the cell
is only slightly forward biased (~0.3 V) in the dark. This
is due to the fact that a lateral current flow in the relatively
low conducting emitter must be driven by a considerable
potential gadient. In a recent publication [6], a comparison
of this method with lock-in thermography was made.
As this paper focuses on contact resistance, this operating
mode is discussed in more detail. The method uses the
fact that a potential jump, which is proportional to the
contact resistance, exists at the boundary between a grid
line and neighbouring silicon when a current flows into
the line. In case of a solar cell, a probing current can
easily be generated by illuminating a part of it while the
cell is short-circuited. The experimental realisation of this
idea is schematically shown in Figure 2:

Figure 2: Corescan in contact resistance mode
A tungsten probe in continuous contact with the surface is
scanned perpendicular to the grid lines to obtain the
potential data, while a light beam around the probe
generates the necessary current. To enable current flow,
the cell is short-circuited by connecting the busbars with
the back of the cell.
From a practical point of view, it it is interesting to note
that there is no need for highly sophisticated and
vulnerable equipment and the measurement time for a
100 cm2 is only 6 min.

Figure 3: Corescan potentials measured along a scan line.
The line contact resistance Rcl can be calculated from the
potential data using the following definition:

Rcl ≡

Vce
,
J sc d

where Rcl is the line contact resistance (mΩcm), Vce the
potential difference betweeen the edge of the contact (grid
line) and the neighbouring silicon, Jsc the short circuit
current density within the beam and d the distance
between the grid lines.
It should be noted that the specific contact resistance ρc,
which is normally used to characterise the quality of a
contact interface, is less suitable to characterise screen
printed lines. The reason is that the contact quality is very
inhomogeneous across the line width, which invalidates
the use of the standard model for calculation of the contact
resistance, that assumes a homogeneous contact quality.
In fact, we cannot describe the properties of the contact
below a finger more precise than by the line contact
resistance defined above. However, since the potential of
the region between the grid lines only depends on the
combined effect of all contacts made below the line, Rcl is
also sufficient to describe the contact quality.
For the calculation of Rcl from the potential data, it is
necessary to know Jsc. It would therefore be the most
convenient if this value would be constant across the cell.
The variations in Jsc depend on the spectrum of the light
that is used. When using a normal white light bulb having
infrared in its spectrum, there are variations in Jsc, but they
are below 10%. It is best to use wavelengths in the range
where light is absorbed not too deep and not too close to
the surface, so that all generated carriers are able to
contribute to the current, irrespective of local material
quality or surface passivation. A good choice would be
red light, for 600 nm the penetration depth is 2.4 µm.
In the current version of the Corescan a normal white light
bulb is used for practical reasons. Although this creates
some Jsc variations as discussed above, they are not
disturbing since any significant contact resistance
variation is much larger than these Jsc variations.
In principle, any value for Jsc could be chosen for the
measurement. However, since the contacts are not always
strictly ohmic (although the deviations are typically
small), it is a slight advantage to use a Jsc close to J at the
maximum power point of the cell. Jsc is therefore choosen
to be 30 mA/cm2 for all scans, this value is checked before
each scan. Since the beamsize is 10 mm, the current flow

is only 24 mA during the scans. This low current induces
negligible potential gradients across the metallisation, so
that the colour variations in 2D potential graphs are only
due to contact resistance variations.
3. RELATING SCANS WITH CELL PROCESSING
As an example of the application of the Corescan, scans
were performed on cells from a paste experiment. Two
different pastes (A and B) were tested, both at various
firing conditions.
The cells were all coated with a PECVD silicon nitride
before the metal lines were screen printed on the cells
(firing through). An infrared belt furnace was used for the
firing of the metallisation, the belt direction being
perpendicular to the busbars.
Before scanning the cells, J-V curves were measured as
well as ‘series resistanceless’ J-V curves, the latter using
the method described by Sinton[5]. For both pastes FF
and FFi are given in Figure 4 as a function of firing
temperature at a constant belt speed.

Figure 4: Graphs of the intrinsic FF (squares) and the
standard FF (circles) for paste A (above) and B (below).
It is clear that increasing temperatures decrease FFi,
especially in the case of paste B. Deducing the influence
of series resistance from FF alone will give misleading
results when FFi decreases considerably. Therefore it is
preferable to use the JL-Voc method for proper series
resistance interpretation. In case of large problems on
screen printed cells, ‘series resistance’ can be safely
replaced by ‘contact resistance’ since this will be the most
important source by far.
The results of the Corescans on the cells printed with
paste A are shown below:

T - 60 °C,∆RsFF = 26.6 %

T - 45 °C, ∆RsFF = 14.9 %

T - 30 °C, ∆RsFF = 9.2 %

T - 15 °C, ∆RsFF = 2.6 %

T + 0 °C, ∆RsFF = 2.1 %

T + 15 °C, ∆RsFF = 1.9 %

T + 30 °C, ∆RsFF = 4.5 %
Figure 5: Corescans on cells printed with paste A; in
black&white the colours will be difficult to distinguish.
However, for interpretation of contacting problems it is
enough to focus on the worst regions, which have the
lightest grey value.
It can be concluded that below the optimum firing
temperature T, the badly contacted (yellow) region slowly
decreases with increasing temperature. Above the
optimum temperature, the pattern gets more randomized.
Fo this paste, it is possible to distinguish between too low
and too high temperature settings from the Corescan
pattern. Observing that even on the low FF cells there are
well contacted regions, it may be possible to increase the
temperature window for firing.
In Figure 6, the scans for the cells made with paste B are
shown:

contact.
wrong.

The Corescan proves this assumption to be

4. CONCLUSIONS

T - 60 °C,∆RsFF = 21.8 %

T - 45 °C,∆RsFF = 25.8 %

Scan not available

T- 30 °C

T - 15 °C,∆RsFF = 18.7 %

T + 0 °C,∆RsFF = 14.7 %

T +15 °C,∆RsFF = 14.1 %

T + 30 °C,∆RsFF = 11.7 %
Figure 6: Corescans on cells printed with paste B. In
black&white the colours will be difficult to distinguish.
However, for interpretation of contacting problems it is
enough to focus on the worst regions, which have the
lightest grey value.
These scans show patterns strongly differing from the
typical patterns found for the cells printed with paste A. It
appears that this paste creates a good contact at the central
region of the cell for all temperatures, the region being
increased with increasing temperature. However, it is not
possible to create a good contact on the entire cell in this
temperature range; a further increase in temperature is no
good idea because the intrinsic FF decreases considerably
with increasing temperature for this paste as was shown in
Figure 4. The conclusion is that this paste is capable to
fire through silicon nitride, but must be further optimized
to obtain a good contact over the entire cell. At the same
time, care must be taken to prevent too much lowering of
the intrinsic fill factor by emitter contamination.
Without the Corescans, fill factor data would have
suggested that paste B is not capable to create a good

After the invention of a technique to map contact
resistance on a solar cell, it is now incorporated in an
instrument for use in the PV industry, called the Corescan.
As this instrument can locate shunts as well, all resistance
problems can be localised using this instrument.
The Corescans made on cells from an experiment with
different pastes, both fired at different firing conditions
gave interesting results. The scans show that cells printed
with different pastes can be distinguished from their
typical Corescan pattern.
For paste A, with which a FF of 77% can be reached at
the right conditions, the Corescan indicates if the firing
temperature is too low or too high by the pattern that is
found. Noting that good contact formation is locally
possible even on the low FF cells printed with paste A, it
should be possible to create a larger firing window.
Paste B produces no acceptable fill factor for any firing
condition, but the Corescan shows that a part in the
middle of the cell is always contacted well, which means
that the paste has potential and can be further optimised.
To conclude, by the development of the Corescan the PV
industry is now provided with a technique to map contact
resistance. This instrument is a valuable tool for fault
detection, error diagnosis and process optimisation.
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