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ABSTRACT
The screen printing metallisation process used for
90% of the solar cells in industry is very sensitive
to the process conditions. Contrary to the general
opinion that the contact resistance between front
side metallisation and silicon is good or bad across
the entire surface, large inhomogeneities in contact
resistance are often present.
In this paper the so-called Corescanner, which will
soon be commercially available, is used to
investigate the relation between some processing
parameters and the contact resistance distribution
on a solar cell.

1. Introduction
Resistance losses in the metallisation play an
important role in limiting the efficiency of
crystalline silicon solar cells. Especially for screen
printed, thick film contacted cells, the metallisation
process is sensitive to many process parameters.
For instance, cleaning of screens, screen quality,
paste rheology, process temperature, and print
pressure influence the print quality of the cells.
Emitter homogeneity and sheet resistance, coating
homogeneity and thickness, temperature
homogeneity and stability of the furnace influence
the sintering of the thick film paste. The print
quality and the sintering determine the quality of
the formed contact. In laboratory, it is possible to
achieve very high fill factors of 78%. However, on
average in production, 5-10% lower fill factors are
common due to the sensitivity of the process.
To determine what the cause is of a reduced fill
factor is not easy because many parameters can
cause the reduction. Normally, fill factor
measurements are used to determine the cause.
However, the fill factor by itself gives no indication
of the cause of a reduction. More information can
be obtained from the analysis of the IV-curve, like
diode currents and shunt and series resistances.
Although these parameters describe the reduction
in fill factor, it still is impossible to determine
which process parameter caused the reduction.
At ECN, a measuring device called the
CoreScanner has been developed (and patented in
The Netherlands [1] while a worldwide patent is
pending) to map the contact resistance of the front
side metallization over the whole surface of the cell
[2].  Using the CoreScanner, it is possible to relate
fill factor problems to process parameters.

2. Working principles of CoreScanner
The working principle of the CoreScanner is displayed
in figure 1:

Fig. 1: Working principle of CoreScanner

The solar cell is short-circuited and current is
generated locally by a light beam larger than the finger
separation, that is centered on the probe. Short-
circuiting the cell causes the generated current to be
nearly constant over the whole cell during the
scanning and also minimises possible shunt currents.
The current is transported away from the point of
generation towards the busbars of the cell, causing
potential gradients over the surface of the solar cell.
The potential gradient is measured with the measuring
probe, which scans the surface. The contact resistance
is proportional to the potential jump between the silver
line and the silicon just next to the silver line.
The traditional method to determine contact resistance
is by measuring the voltage drop between
disconnected parallel silver lines [3]. In practice, this
means that a part of the cell needs to be isolated before
measurement. Compared to this technique the
advantages of the CoreScanner are:

- Contact resistances scan over the whole
surface.

- No need for cell manipulation before
measurement.

- Limited measuring time, i.e. less than a
minute for a line scan and 20 minutes for a
full scan (100 cm2).

- Information on emitter sheet resistance.



More information on the CoreScanner can also be
found on the webaddress www.ecn.nl/corescanner.

3. Results with CoreScanner
With the existing laboratory apparatus
measurements have been carried out on several
types of crystalline silicon cells.  In figure 2, a 2D
representation is given of a potential scan of the
front surface of a Pin Up Module (PUM) cell [4].

Fig 2: 2D potential scan of PUM cell with non-
optimal design (no metallisation at the cell edge
and not enough lines near the nine holes)  and
print problem (low quality at one-third and two-
third of cell vertically)

A new front metallisation design has been
developed for this cell, for which the current is
collected at nine holes in the cell. The first grid
design was not optimal. Firstly, the grid design
stopped too far from the edges of the cell causing
higher potentials as can be seen. Around the holes,
the distance between the fingers was too large,
which caused a higher potential as well (although
not so easy to detect in the figure). Also, a print
problem occurred at one-third and two-third of the
cell (vertically in figure) because finger lines are
not perpendicular towards the squeegee. Fill factor
of PUM cells were increased  with 2% (from 75%
before to 77% after) when these problems were
solved.
In figure 3, a 2D representation of a potential scan
on a standard cell is given.

Fig. 3: 2D Corescan of cell with print problem

Clearly, higher potentials occur in the middle of the
cell. It was determined that the print table was not flat
and that during printing the pressure was low.
Therefore, the print table problem caused a lower fill
factor, although the print quality problem was not
visible with a microscope. Other diagnoses using the
CoreScanner are surface treatment problems prior to
metallization due to cleaning and inhomogeneity of
AR-coating and inhomogeneity of heating of the firing
furnace.
Optimisation of sintering conditions is also possible
with the CoreScanner. The standard approach is to plot
the fill factor for many settings of belt speed and
furnace temperatures, which can be a time consuming
method. With the CoreScanner, an actual physical
quantities is measured, namely the contact resistance.
If the applied firing energy (temperature times time) is
too low, contact resistance will be high. If the applied
firing energy is too high, the contact resistance is
good, but the junction itself is contaminated with metal
paste elements resulting in a bad diode curve with a
low fill factor.

4. Conclusions
The CoreScanner is a very useful measuring tool for
error diagnosis and process optimisation of thick film
contacted crystalline silicon solar cells. Experience is
being gained, which will result in a fault-cause
directory for users for even faster error diagnosis.
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