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ABSTRACT: We introduce the concept and first experimental tests of the wire cell. The front electrode of this 
otherwise standard crystalline silicon solar cell consists only of thin parallel fingers which are reinforced by thin 
wires soldered onto them. The wires are continued to the back side of the next cell where contact is formed by 
pressure, allowing for an uninterrupted aluminium back surface field. For a multicrystalline silicon solar cell of 
(156mm)² the gain in power should be over 100 mW, or 3% relative. First tests on (150mm)² standard cells 
confirmed a relative gain up to 2%. Details of the soldering technology are also presented.  
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1 INTRODUCTION 
 
 In order to make solar photovoltaics with crystalline 
silicon a relevant source of electric power its cost must 
be reduced further and its efficiency should be increased. 
We have developed a novel type of solar cell and 
associated module concept which fulfils both 
requirements. The basic idea was to maximize efficiency 
by minimizing electrical path lengths and shadow losses 
while using proven technology from standard cell 
manufacturing. 
 The new type of silicon solar cell consists of the 
usual p-doped mono- or multi-crystalline wafer with an 
n-doped layer and an SiNx antireflection coating on the 
front side. The back side receives the usual screen printed 
aluminium layer, but in contrast to a standard cell, the 
aluminium layer covers the whole back side, because the 
new module technology needs no soldering on the back 
side. The homogeneous back surface field adds a few mV 
to the open circuit voltage. 
 

 
Figure 1: Sketch of new Wire Cell. The arrows indicate 
how the Sn-Pb-coated Cu-wires W are soldered to the 
thin fingers F. 
 
 The front side contacts are also applied by the usual 
screen printing of an appropriate silver paste. But the 
pattern of the front contacts consists only of fingers in the 
form of thin parallel lines evenly spaced across the whole 
surface. There are no busbars. The transport of the 
current from the front side of one cell to the back side of 
the next cell is achieved by putting a thin Sn-Pb-coated 
copper wire right on top of each finger and soldering it to 
the finger at some 10 to 20 points. Each wire is then 
continued to the back side of the next solar cell, where 

the contact is formed by pressure during lamination of 
the module.  The principle scheme of the new solar cell is 
shown in Fig.1.  
 In this paper we present both a theoretical analysis of 
how much more power a module with this kind of solar 
cells should deliver, and the experimental results of a 
batch of multicrystalline silicon solar cells of the format 
150 x 150 mm contacted with this new method. 
 
 
2 THEORETICAL ANALYSIS 
 
2.1 Front losses of Wire Cell 
 In order to calculate the power losses on the front 
side of the new solar cell the following loss mechanisms 
were taken into account: Resistive losses in the n-doped 
emitter, in the contact area of the screen printed fingers 
with the emitter, and during current conduction through 
the fingers and the wires attached to them; as well as 
shading losses from the fingers and the wires (the wires 
could be wider than the fingers). The equations for 
determining these losses are well known, see e.g. [1], [2]. 
 The active cell area was assumed as 155 x 155 mm². 
The sheet resistance of the emitter was assumed as 50 
W/square. The length of the fingers was set to 155 mm 
and their screen printed width to 100 µm. The contact 
resistance of the fingers to the emitters was set to 0.005 
W.cm² [3]. Regarding the copper wires attached right 
over the fingers, calculations with different diameters 
were done, in order to find the best trade-off between 
maximum conductivity and minimum shading. Wire 
diameters of 100, 110 and 120 µm were calculated. The 
wires were assumed to have a coating of Sn-Pb of 8 µm, 
so that the effective shading widths were 116, 126 and 
136 µm, respectively. The effective series resistance of a 
wire plus finger was taken as the series resistance of the 
wire in parallel with the series resistance of the finger. 
The resistance of the wire was taken to be that of its 
copper core only, thereby neglecting the conductivity of 
the Sn-Pb-coating, in order to be on the safe side of the 
estimate. For the finger a specific line resistivity of 0.15 / 
W/cm was assumed, which is achievable with today’s 
pastes. However, this latter value is of little importance, 
because the effective line resistance is essentially given 
by the copper core of the wire. The current density of the 
solar cell at maximum power was set to 34 mA/cm² 
(counting only unshaded emitter area) and the operating 
voltage was set to 500 mV. With these parameters the 



best results were obtained for a solar cell with 67 fingers 
covered with Sb-Pb-coated copper wires with a copper 
core of 110 µm.  The combined series resistance of a 
finger plus wire was 0.0167 W/cm. The various 
contributions to the losses are shown in Table I. The 
power output is the one actually available from the wires 
at one edge of the cell. (If the power is tapped at both 
ends of each wire the losses due to the series resistance 
of fingers plus wires can be cut down to about 1/8, 
increasing the power output by almost 2%. But this 
would complicate module manufacturing.) 
 
Table I: Wire Cell 
Expected losses and output power  mW 
Loss due to emitter sheet resistance  52.4 
Loss due to contact of fingers to wafer  28.7 
Loss due to series resistance of fingers plus wires 76.8 
Loss due to shading   222.4 
Losses total   380.3 
Power generated on full area (155x155mm) 4084.2 
Power brought by wires to one edge of cell 3703.9 
 
 
2.1 Front losses of standard cell 
 In order to assess the benefits of the new wire cell 
one must also calculate the losses and the power output 
of a standard solar cell under the same basic assumptions. 
Here, we assumed the usual H-pattern for the front 
metallization: Many thin fingers collect the current and 
lead it to two busbars which are perpendicular to them. 
Onto each busbar an Sn-Pb-coated copper ribbon is 
soldered to transport the current to one edge of the cell 
and on to the backside of the next solar cell. 
 The active size of the cell  as well as the emitter sheet 
resistivity were taken as before. Similarly, the contact 
resistance of the fingers to the emitter, the width of the 
fingers, and their specific resistance were kept the same. 
The width of each busbar was taken as 2.5 mm, and each 
busbar ran along the whole length of 155mm. Assuming 
the same screen printed height as the fingers also for the 
busbars, the line resistance of a busbar was taken as 6 x 
10-3 W/cm. Again, this is of little impact, because the 
bulk of the current is carried by the copper ribbons 
soldered over the busbars. Since fingers extend to the left 
and right of each busbar, the length of one finger was 
150/4 = 37.5 mm. With these assumptions it turned out 
that 70 equidistant finger lines across the cell are the 
optimum.  
 The Sn-Pb coated copper ribbons were assumed to 
have the same width as the busses (2.5 mm) and a 
thickness of 0.16 mm. A possible additional width due to 
the coating was neglected, and the additional 
conductivity of the coating was roughly taken into 
account by the greater thickness (in industrial practice 
most ribbons are only 0.15 mm thick), thus conceding a 
little computational advantage to the standard cell. The 
combined series resistance of a screen printed bus plus 
the copper ribbon soldered on top of it was taken as the 
two resistances in parallel, which gave a value of 4.143 x 
10-4 W/cm. The resulting losses and final power brought 
by the two busses to one edge of the cell are given in 
Table II. 
 Comparing the output powers which can effectively 
be tapped at the edge of the cell where the wires, or the 
bus ribbons, respectively, go to the back side of the 

neighboring cell, one notes that the wire cell is expected 
to give about 2.9% more power from the same silicon 
wafer.  
 
Table II: Standard Cell 
Expected losses and output power  mW 
Loss due to emitter sheet resistance  47.8 
Loss due to contact of fingers to wafer  27.1 
Loss due to series resistance of fingers  38.2 
Loss due to series resistance in the busses  61.0 
Loss due to shading by fingers   178.5 
Loss due to shading by the busses  131.8 
Losses total   484.4 
Power generated on full area (155x155mm) 4084.2 
Power brought by busses to one edge of cell 3599.8 
 
  
2.2 Losses on the back side 
 For module manufacturing it is also necessary to 
estimate the resistive losses at the back side of the cells.  
 The wire cell needs no soldering on the back side. 
The wires will be continued on the whole back side of 
the next cell, where contact is made to the aluminium 
layer by the pressure of a sheet of thermoplast which is 
laid over the wires and thermally attached to the Al-
layer. This technology is already in use [4]. To estimate 
the resistive losses one can approximate the wires as in 
the smear method [5].  One simply replaces them 
conceptually by a thin sheet of copper foil, which is 
pressed to the Al-layer, and thus electrically connected 
parallel to it. For the 67 wires of 110 µm diameter this 
translates into a 4.1 µm thick copper layer of 155 mm 
width. The Al-layer of today’s silicon solar cells has a 
sheet resistivity of 4-6 mW/square. Taking a 

conservative 6 mW/square and combining the two layers 
results in an effective sheet resistivity of 2.52 
mW/square. The total current is 7.815 A, so that the 
resistive losses over the active length of the back side of 
155 mm amount to 51.3 mW. 
 The resistive losses on the back side of a standard 
cell are more difficult to compute, because the current is 
brought in by the two busses and spreads simultaneously 
through the Al-layer, and this requires detailed numerical 
models. For the sake of simplicity we give a lower and an 
upper estimate. The upper estimate assumes that the 
busbars deposit the current linearly along the length of 
the cell, and then it spreads perpendicularly into the Al-
layer. Then the losses in the bus ribbons themselves are 
the same as on the front side: 61.0 mW. The losses in the 
Al-layer add another 6.9 mW, so that the total loss on the 
back side is 67.9 mW. The lower estimate assumes that 
the copper cross section of the busses is spread out as a 
thin sheet of copper attached to the Al-layer.  This would 
result in a 5.2 µm thick Cu-layer.   The total resistive 
losses would then come to 41.6 mW. The true resistive 
losses on the back side of a standard cell will be 
somewhere in between, and may in fact be closer to our 
upper estimate, because the actual spreading of the 
current happens in the Al-layer only. Thus the wire cell 
will have a little advantage over the standard cell also at 
the back side and its relative gain in power output may be 
well over 3%. 
 
3    EXPERIMENTS 



 
3.1  Fabrication 
 The tests of the wire cell were done with commercial 
multicrystalline silicon solar cells of 150 x 150 mm with 
two busbars. This enabled the easy recording of current-
voltage curves also before attaching the wires to the cells. 
 The wires had a copper core with a diameter of 116-
120 µm and were fire coated with Sn-Pb with a layer 
thickness of 7-8 µm. They were provided by Edelhoff. 
 In order to get good soldering results different 
concepts were tried out. One was a “roll-on” method, 
where the wires lie in shallow grooves of a heated 
aluminium cylinder which presses the wires onto the 
fingers while it is slowly rolled over the solar cell. This 
gave acceptable solder bonds but the different thermal 
expansion of copper and silicon led to an upwards 
bending of the solar cells after cooling.  
 

 
 
Fig.2: A Wire Cell as used in the tests 
 
 The final method of choice was one where each wire 
is soldered to its finger at 15 points, which are 10 mm 
apart. The soldering is done by a heat stamp point after 
point, but simultaneously for all wires. Before soldering, 
the necessary number of 57 wires were stringed 
equidistantly in a plane with the same mutual distance as 
the fingers on the cell. Then they were put in place about 
1 mm above the solar cell which lay on a sheet of silicon 
rubber but was not pre-heated. The soldering tool was a 
slab of heated aluminium whose edge of about 160 x 2 
mm was put perpendicular to the wires and then pressed 
down to press the wires onto the fingers. In this manner 
each of the 57 wires received a solder joint of about 2 
mm length and was so attached to its finger. Before each 
soldering step the wires and fingers were wetted 
appropriately. The aluminium edge was kept pressed for 
about 20-30 seconds until it cooled below the melting 
point of the Sn-Pb coating. Then the aluminium slab was 
lifted, advanced 10 mm along the fingers and re-heated, 

and the next set of solder points was made.  This 
procedure was repeated to obtain 15 solder points for 
each wire along the whole length of the solar cell. After 
soldering the solar cell showed almost no upwards bend. 
To prevent the wires from being torn off in subsequent 
handling, a 5 mm wide transparent adhesive tape was put 
over the wires at the two edges of the solar cell. Finally, 
copper ribbons were soldered to the wires at both ends to 
facilitate the electrical measurements. One such “wire 
cell” is shown in Fig.2. 
 
3.2 Measurements and Results 
 The results presented here are from the first set of 
five wire cells we produced. The finished cells were 
subjected to measurements of current-voltage curves with 
the same instrument, with which they were measured 
before the wiring. An important difference was how 
current and voltage were extracted from the front side. 
With the standard solar cells the current was taken 
through five contact pins on each busbar. These pins 
were themselves connected to a 2 mm wide and 10 mm 
high brass bar over each bus. The two brass bars were 
connected by a thick copper wire. Thus the resistive 
losses in this contact were very small and indeed much 
smaller than if the current had been tapped with two bus 
ribbons. The voltage was taken at the end of one of the 
brass bars. After soldering the wires to the cells and thus 
turning them into wire cells the current was tapped from 
the middle of one copper ribbon for the 1-sided 
measurement and from the middle of both copper ribbons 
for the 2-sided measurement (Fig.2). The voltage 
connection was made right beside the current connection 
(in the case of 2-sided measurement only at one ribbon).  
 The electrical connection on the back side was the 
same for all measurements. The cells were placed on the 
instrument’s thick brass plate and sucked onto the plate 
by a vacuum pump so that a good current connection was 
guaranteed. The brass plate was temperature controlled. 
The voltage was taken separately through a contact pin 
through a hole in the middle of the plate. The 
illumination was provided by two halogen lamps which 
gave a homogeneous intensity of about 83% of AM1.5 in 
the plane of measurement. Three measurements were 
done at each of the three different temperatures of 15°, 
25° and 35°C. 
 The raw data of the IV-curves of the standard cells 
showed a higher power output than those of the wire cells 
in 1-sided measurements and also in 3 out of 5 of the 2-
sided measurements. But this was to be expected, 
because in the measurements on the standard cells there 
was a much lower series resistance than would be the 
case in the actual module, while in the measurements of 
the wire cells there was still the shadow of the screen 
printed busses which would not be there in true wire 
cells. Therefore, in order to permit a comparison, the data 
had to be corrected for these differences. In the data for 
the standard cells the additional series resistance, which 
would originate in the bus ribbons leading the current to 
one edge of the cell, was taken into account. This 
resulted in a typical loss of 30 to 36 mW, depending on 
the current at the maximum power point of the cell. (The 
corresponding number in Table II was 61 mW, but it was 
obtained for a larger cell and a significantly higher 
current.) The data of the wire cells were corrected for the 
unnecessary shading of the busses and for the occasional 
shading when a wire had come loose and covered an area 



beside the finger to which it belonged. This resulted in 
the power outputs shown in Fig.3. 
 

 
 
Fig.3:  Corrected power output of the 5 cells as standard 
cell, as wire cell in 1-sided measurement, and as wire cell 
in 2-sided measurement. Broad bars on the right side 
show the average values. 
 
 In the data for the 1-sided measurement on the wire 
cell (these are the relevant data for module 
manufacturing) one clearly sees the learning curve of the 
manual soldering procedure. The power output is below 
that of the standard cell for the first two cells, but is 
already above it for the cells 3 to 5. The highest gain is 
found for cell number 3, where it amounts to 51.6 mW or 
2% relative. The average output of the 5 cells as standard 
cells is 2.660 W, and as wire cells in 1-sided 
measurement it is 2.673 W, which is an increase of 
0.49%. In the 2-sided measurements the wire cells gave 
an average of 2.770 W, which is an increase of 4.1% over 
the standard cell. 
 One should also note the differences in output power 
of the wire cells in 1-sided and in 2-sided measurements. 
It is typically 100 mW, and much higher than expected. 
We attribute this to the fact that not all soldering points 
created a good contact between wire and finger. Thus the 
current had to flow over longer distances through the 
fingers, which in these cells had a resistivity of about 
0.29 W/cm, rather than through the wires, which had a 
much lower resistivity. With an optimized and automated 
soldering technique one can expect a notable increase of 
the power output of the wire cell both in 1-sided and in 2-
sided measurements. Therefore the results we have 
obtained until now confirm the expected superiority of 
the wire cell. 
 
 
4  SUMMARY 
 
 We have presented a theoretical analysis and first 
tests of a new kind of crystalline silicon solar cell called 
wire cell. Its central feature is that the current collection 
and the current transport on the front side happens in the 
screen printed metal fingers on top of which thin wires 
are soldered. These wires are continued on to the back 
side of the next cell where they deposit the current 
homogeneously. This results in lower shading and in 
lower resistive losses both in the solar cell and in the 
interconnection to the next cell. The expected gain in 
power output is around 3% for a module with (156mm)² 

gains up to 2% and an average gain of 0.5% and also 
indicated the path for further improvements. 
 

cells. First tests on (150mm)² cells showed individual 
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