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Cost-eftective n-Pasha solar cells with
efficiency above 20%

Ingrid Romijn, Astrid Gutjahr, Desislava Saynova, John Anker, Eric Kossen & Kees Tool, ECN Solar Energy, Petten, The Netherlands

ABSTRACT

This paper presents recent developments of ECN’s n-Pasha (passivated on all sides H-pattern) solar cell technology.
The n-Pasha cell, currently being produced on an industrial scale by Yingli Solar, is a solar cell fabricated on n-type Cz
material with homogeneous diffusions, dielectric passivation and printed metallization on both sides. The metallization is
applied in an open H-pattern to both sides, which makes it suitable for bifacial applications. In order to improve both cell
performance and the cost of ownership of n-Pasha solar cells, the ECN R&D team has focused on several aspects of the
device design and processing. By reducing metal coverage and improving the quality of the front-side metallization, tuning
the back-surface field (BSF) doping and improving the front- and rear-surface passivation, it has been possible to obtain
an average efficiency of 20%, with top efficiencies of 20.2%. At the same time, the amount of silver used for metallization
has been decreased by over 50% and is now similar to that used for p-type solar cells. Furthermore, it is shown that with
the ECN n-Pasha cell concept, wafers from the full resistivity range of n-Cz ingots can be used to make cells without losses
in efficiency. Combining the improved efficiency and the reduction in cost makes the n-Pasha cell concept a very cost-
effective solution for manufacturing highly efficient solar cells and modules.

Industrial solar cells and

modules on n-type base material
The fourth edition of the International
Technology Roadmap for Photovoltaics [1]
predicts a clear shift from p-type to n-type
mono-Si within the mono-Si market. The
market share for n-type mono will be equal
to that of p-type mono in 2017, and will
exceed it the following years. Compared
with p-type material, n-type Cz material is
known for its stable high carrier lifetimes
because of the absence of light-induced
degradation (LID) [2,3] and its higher
tolerance of the most common metallic
impurities, such as Fe [4,5]. These longer
lifetimes are consequently reflected in
higher efficiencies. Indeed, the highest-
efficiency crystalline silicon modules
currently on the market are based on
SunPower Maxeon technology [6], which
incorporates n-type Cz material. Using
this technology, SunPower fabricates
interdigitated back contact (IBC) solar
cells with efficiencies of over 24%, which
enables module efficiencies of up to 21%
to be achieved [7]. IBC solar cells feature
both the emitter and the back-surface
field (BSF) at the rear of the solar cell.
Metal contacts are formed solely on the
rear, which means that the complete front
surface is available for capturing the light.
Since the p-n junction is located at the rear
of the cell, the IBC cell must be fabricated
on Si wafers with a long effective minority-
carrier diffusion length in order that all the
carriers reach the emitter. Excellent front-
surface passivation is therefore required
as well. The production cost of these
high-efficiency cells is quite high owing to
the use of many complicated processing
steps [8]. Using its heterojunction with
intrinsic thin layer (HIT) technique, Sanyo
Electric Corporation has obtained very
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high efficiencies with n-Cz material as
well: efficiencies above 23% were reported
in 2009 [9], and recently these efficiencies
have improved even further [10]. In this
case, the high-efficiency processing also
leads to higher production costs than for
standard (p-type) solar cells [8].

“The n-Pasha cell structure itself
is simple, while still enabling cell

efficiencies above 20%.”

ECN’s aim is to develop high-efficiency,
low-cost and robust solar cell and module
concepts that can be easily adopted by
industry. One of ECN’s cell concepts using
n-type silicon is the n-Pasha (passivated
on all sides H-pattern) solar cell concept
[11]. Compared with the established
n-type solar cell techniques described
above, the n-Pasha cell concept can be
implemented using processing steps
that are similar to those found in the
production of common p-type solar cells.
The n-Pasha cell structure itself is simple,
while still enabling cell efficiencies above
20%. This novel cell concept was first
introduced to the market in 2010 under
the brand name Panda [12,13] by the
company Yingli Solar in collaboration
with Tempress BV and ECN. Efficiencies
of over 19% were reached in 2011 with this
cell concept, both by Yingli and by ECN.
In 2012 ECN reported efficiencies of up
to 20%, obtained by the implementation
of improved processing that is currently
also being carried out at Yingli [13,14,15].
Furthermore, Yingli demonstrated that
their Panda cells show no LID and have
a lower temperature coefficient than
standard p-type solar cells [13].

Despite the obvious advantages of
n-type base material in terms of longer
bulk carrier lifetime and subsequent
higher efficiencies and an absence of
LID, the majority of industrial solar cell
and module manufacturers are still using
p-type mono- or multicrystalline silicon as
their base material. One reason for this is
the n-type Cz base material itself: because
of the higher segregation coefficient of
phosphorus compared with boron, the
resistivity range of phosphorus-doped
n-type ingots is typically wider than that
of boron-doped p-type material. This
larger range poses additional challenges
for the cell architecture for n-type solar
cells, or increases the cost of the solar
cells as a result of yield loss if only part of
the resistivity range can be used [16]. The
second reason is that the cost of n-type cell
production is higher than for p-type cell
processing. For most concepts, including
the n-Pasha cell concept, an additional
BBr; diffusion step to form a boron emitter
is necessary. More importantly, the silver
consumption is higher for n-type cells.
Because of the absence of the (cheap)
aluminium on the rear side, both the
emitter and the BSF have to be contacted
by a silver grid. However, the costs of
printing a full-area layer of aluminium
on the back side, which today are still
significant, are of course absent for the
n-Pasha cell concept.

Recent developments at ECN to lower
the cost per watt (€/Wp) of the n-Pasha cell
concept are discussed in this paper. In the
first part, the n-Pasha cell concept and the
steps that were taken to increase efficiency
are summarized. In the second and third
parts, two main factors having a bearing
on the costs of n-type solar cells are
described, namely the n-type Cz material
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Figure 1. Cross section of the ECN n-Pasha cell, featuring an n-type Cz Si wafer
with a boron p* emitter and a phosphorus n* BSE. Yingli's Panda cells are also based

on this structure.

itself and the silver consumption. Measures
that can be taken to lower the costs are
illustrated. It is shown that the efficiency
of n-Pasha solar cells is high and stable over
a wide resistivity range, and that the costs
relating to the silver metallization can be
significantly reduced while maintaining,
or even increasing, the solar cell efficiency.
The combination of the improved
efficiency and the cost reduction makes
the n-Pasha cell concept a cost-effective
solution for manufacturing highly efficient
solar cells and modules.

ECN’s n-Pasha cell concept

The basic configuration of the n-Pasha
solar cell is shown in Fig. 1. At ECN, the
n-Pasha cells are fabricated on 6-inch
n-type Cz Si wafers. All the processing
steps used for the n-Pasha cell are suitable
for industrial-scale implementation. The
first processing step is the texturing of
the wafers with random pyramids using
alkaline etching. The boron emitter and
phosphorus BSF are formed using an
industrial tube furnace from Tempress
[17]. A 60Q)/sq emitter is made using
BBr; as the precursor. The BSF is created
using POCl, as the precursor and provides
additional lateral conductivity on the rear
side. This results in a satisfactory fill factor
despite the open rear-side metallization,
even for cells processed on high-resistivity
base material (~10Q2cm). Consequently,
the BSF is an important element of the cell
design, providing a solution for reducing
the performance sensitivity to variations in
n-type wafer resistivity. Both the front and
rear sides are coated with SiN, layers for
passivation and anti-reflective purposes.
The metal grids are then printed, and
the contacts on the emitter and the BSF
are formed during a single co-firing step.
Direct soldering to both the front and rear
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metallization is possible, so no additional
metallization step is necessary to enable
interconnection in creating a module.

The open front- and rear-side
metallization ensures that the bowing
of the cells will be considerably reduced
when (very) thin wafers are used, which is
a distinct advantage in view of the bowing
that occurs with full aluminium BSFs
on p-type solar cells. Furthermore, the
dielectric coating on the rear side results in
an improved surface passivation compared
with the conventional full aluminium
rear side of a p-type cell, while the optical
properties of the dielectric layer can be
tuned to achieve optimal (anti-) reflective
properties. If the cells are arranged in a
standard monofacial module, the refractive
indices can be tuned to obtain maximum

reflection in combination with the module
back-sheet foil. On the other hand, the
open rear-side H-patterned metallization
makes the n-Pasha concept highly suitable
for bifacial cell and module technology. In
this way, an even higher module output
power and an increased annual energy
yield can be realized when the cells are
appropriately placed in the field. Recent
results have shown that the output power of
bifacial n-Pasha modules can be increased
by almost 20% if the bifacial modules are
placed in front of a reflecting surface [14].

“The open rear-side
H-patterned metallization
makes the n-Pasha concept

highly suitable for bifacial cell

and module technology.”

Efficiency improvements of
n-Pasha

The processing improvements that have
led to the achievement of 20% efficiency of
n-Pasha cells have already been described
in several publications in 2012 [14,15].
In this section, a brief summary of these
steps will be given and the latest results
presented.

Front-side metallization

Besides being one of the major cost drivers
of solar cells, the front metallization is also
a very important parameter of n-Pasha cell
efficiency. When the metal-covered area
is decreased, the short-circuit current ()
and the open-circuit voltage (V) will
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Figure 2. The gain in V,_as a result of improved metallization. The total metallized
area is gradually reduced by 2.5% in experiments 1 and 2, resulting in an increase
in V,_of 6mV. The reduced recombination under the 2.5% area covered by non-

contacting busbars in experiment 3 (performed on a different material)
in an increase in V. of 6mV, for an ‘effective’ front metallization of only 3%.
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increase as a result of reduced shading
losses and reduced recombination below
the metal area [18,19]. The challenge is to
keep the resistive losses at a minimum and
thus maintain a high fill factor (FF).

Recent improvements in the front-
side metallization of n-Pasha cells can
be summarized in the following three
steps, each tested via three different
experiments and illustrated in Fig. 2; for
each experiment, groups of approximately
20 cells were processed. In the first
experiment (red squares) the line width
of the screen-printed fingers was reduced
from 125pm to 100um, while in the second
experiment (blue diamonds) the line-width
was reduced even further, to 60um, by
using stencil printing of the fingers instead
of screen printing. The advantages of
stencil printing for front-side metallization
of n-Pasha cells are described in more
detail in previous publications [15,20].
The main feature of stencilled fingers is the
higher aspect ratio compared with screen-
printed fingers, which enables the use of
much thinner fingers with only a small loss
in fill factor [20]. The stencil process has
undergone several endurance tests and its
robustness has been demonstrated in an
industrial run of 2000 cells [15]. Standard
industrial printers can be used for the
stencil process; all stencilling at ECN was
done using standard Baccini printers.

In experiments 1 and 2 the total front
metal coverage was reduced from 8% to
5.5%, a reduction of 2.5%. V. improved
by 6mV (1%) as a result of the decrease
in contact recombination. Because of
reduced shading losses, I . also improved
significantly, as expected, by 0.3A -
equating to approximately 2.5% of the
total I .. With only a small loss in FF, the
combined experiments 1 and 2 resulted in
an efficiency gain of 0.5% absolute.

The third experiment, performed on a
different material, was aimed at reducing the
recombination under the front contacts by
applying a so-called non-contacting busbar
paste [21]. Since the three busbars of the
n-Pasha solar cell cover around 2.5% of the
total cell area, eliminating recombination
losses in this region will result in an ‘effective’
metal area for V. of only 3%. A gain in V,
was observed similar to that when the metal
coverage was reduced from 8% to 5.5%: the
data for experiment 3 show an increase of
6mV or 1% relative, as can be seen in Fig.
2 (green diamonds) No significant change
in I, was observed, since the total metal
coverage of the cell remains the same. In
addition, no significant differences in FF
were observed, resulting in an efficiency gain
of 0.15% absolute.

Diffusion and passivation

Efficiency improvements due to an
improved BSE, which resulted in lower
BSF doping, have also been reported in
previous publications [14,15]: the results
presented were typically averages over
groups of 10—15 cells, with top efficiencies
of up to 20%. To implement such an
improved processing step in industry, the
results need to be stable both within and
between large batches of wafers. ECN has
recently improved the front- and rear-
side passivation, which has stabilized the
processing in such a way that the variation
in V, is drastically reduced.

The average values for V. and the
variation in the results, are shown in
Fig. 3 for four different experimental
groups. All the groups were processed
using material from the same part of a
single n-Cz ingot (with similar resistivity).
Improved metallization, stencilled fingers
and a non-contacting busbar on the front
side were applied to all cells. The first
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Figure 3. The increase in V. as a result of processing improvements for n-Pasha:
starting from a reference 19.5% n-Pasha cell (640mV), the BSF, rear-side passivation

and front-side passivation were subsequently improved. The variation in the
resulting V, increased with the improved, more lightly doped BSE but decreased for

the subsequent improvements in rear- and front-side passivation.

group, with the original heavily doped
BSF, yields efficiencies of around 19.4%
and a V. of 640mV; the variation in V. is
typically 6-7mV, equating to around 1%.
The improved, more lightly doped BSF
(indicated by ‘BSF’ on the x axis) results in
a higher average V,; however, there is also
an increased variation in voltage of more
than 12mV. By subsequently implementing
an improved rear passivation (rear pass) and
front passivation (front pass), it is possible
to reduce the variation from 12mV to 7mV,
and even improve it further, to just 4mV.
Besides there being an improvement in the
stability of the processing, the average V.
also increases with the improved front and
rear passivation: a combined increase in V.
of over 10mV (1.6%) is obtained compared
with the reference.

The variation in I, increased less
dramatically when the new, more
lightly doped BSF was implemented.
Nevertheless, it was possible to reduce the
variation from 0.09A (1%) to only 0.06A
by using the improved rear- and front-side
passivation. Combining the more lightly
doped BSF with the improved front- and
rear-side passivation, a total increase
of 0.1A (1.2%) was obtained compared
with the reference. The resulting gain in
efficiency was 0.4—0.5% absolute.

To further assess the stability of the
high-efficiency processing, two large
batches of wafers were processed at ECN.
These batches consisted of material from
two different industrial suppliers, with
resistivities ranging from 3 to 5.5Qcm
for material A, and from 3 to 4.5Qcm for
material B. Both resistivity ranges were
measured after a high-temperature step
to annihilate the thermal donors in the
material. Material A had a lower material
quality, which was evident from its
shorter bulk lifetime and resulting lower
efficiency. The processing was carried out
at ECN using industrial tools, along with
the improved metallization, diffusion and
passivation processes described above.

The results for both batches of wafers,
including the standard deviation of the
cell parameters, are shown in Table 1. For
material B in particular, high efficiencies
were obtained, but, more importantly, the
spread in cell parameters (especially I,
and V) for both materials was very small.
Average efficiencies of 19.5% (material
A) and 19.7% (material B) were obtained,
with top efficiencies of 19.8% and 19.9%
respectively. The variation in this case is
indicated by the standard deviation: for the
efficiency this amounts to only 0.13% for
both materials.

Impact of the material

One factor that needs to be taken into
account when manufacturing solar cells
from n-Cz base material is the larger range
of resistivity in n-Cz ingots compared with
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o [A] Voc V] FF[%] 1 [%]
Material A
Over 252 cells 9.25 0.649 77.4 19.5
Best cell 9.30 0.652 78.7 19.8
Std dev 0.02 0.002 0.03 0.13
Material B
Over 107 cells 9.25 0.650 78.0 19.7
Best cell 9.31 0.653 78.7 19.9
Std dev 0.02 0.002 0.04 0.13

Table 1. Results for the processing of large batches of materials.

that in p-type ingots [16]. This difference
is due to the high segregation coefficient
of phosphorus in the Cz crystal growth
process. Typical resistivity ranges for
n-Cz material are 0.5-2Qcm at the tail
and reaching up to 8—10Qcm (or even up
to 12Qcm) at the seed of the ingot. The
base resistivity variation will influence the
cell parameters: higher values of I, and
lower FFs are predicted for higher base
resistivities [18].

To check the dependency of ECN
n-Pasha cell performances on base
resistivity, cells were fabricated from n-Cz
material taken from different parts of a
single ingot; the base resistivity varied
between 2.5 and 10Qcm. For these
experiments n-Pasha cells were made
using both the original, heavily doped BSF
and the improved, lightly doped BSF with
the improved front and rear passivation.
Every cell had the improved metallization

on the front side. The I-V results shown
in Fig. 4 represent the average values of
approximately five cells per group.

“One factor that needs to
be taken into account when
manufacturing solar cells from
n-Cz base material is the larger
range of resistivity in n-Cz
ingots compared with that in
p-type ingots.”
The results for V. and I are shown
in Figs. 4(a) and 4(b): the higher values of
I, and V. along the complete resistivity

range are clearly visible for the lightly
doped BSF as compared to the heavily

doped BSE. As expected, the value of
I, increases with higher base resistivity
(and thus lower base doping) because of
the lower recombination losses. At the
same time, the value of V.. shows only a
very slight decrease with increasing base
resistivity [22].

The values for V. and I have been
fitted using PC1D. The front-side
parameters (Sg., emitter profile) have
been kept constant, using a p* emitter
with an Ry, of 61Q)/sq. The same, high
bulk lifetime has been assumed for all
cases, while the base resistivity R, has
been changed. Compared with cells with
the heavily doped BSE, cells with the more
lightly doped BSF were fitted with less free-
carrier absorption (represented by a higher
internal reflection in the PC1D model),
better passivation (lower S,,,) and lighter
doping (higher Rygp). As can be seen in
Figs. 4(a) and 4(b), V,,. and I, can be fitted
quite well within the measurement error.

The FF and efficiency values are shown
in Figs. 4(c) and 4(d). The FF indeed
decreases with higher base resistivity.
However, the drop in FF is counteracted
by the increase in I, which results in a
stable and high average efficiency of 19.8%
between 2 and 10Qcm for the lightly
doped BSF case, and a stable efficiency
of 19.4% between 2 and 10Qcm for the
heavily doped BSF case.

There is still room for improvement of
the FF in the lightly doped BSF case: for all
cells, with both lightly and heavily doped
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Figure 4. I-V results for n-Pasha cells made using both the original, heavily doped BSF and the improved, lightly doped BSF with
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BSFs, the rear-side metallization pattern
used was identical and optimized for the
heavily doped BSF conductivity. On the
basis of simulations it is expected that the
FF for the more lightly doped BSF cells can
be made comparable to that for the heavily
doped BSF cells by optimizing the rear
metallization pattern. Modelling indicates
that the implementation of an improved
rear metal-grid design with more, but
smaller, fingers will increase the efficiency of
the lightly doped BSF to an average of 20%
for a base resistivity range of 2—10Qcm.

Besides the dependency of the
n-Pasha cell processing on base doping,
n-Pasha cell processing using material
from several different suppliers has been
investigated. Material from eight different
commercial suppliers was used for this
investigation. The base resistivities of the
materials varied between 2 and 10Qcm.
In this experiment, the efficiency of the
n-Pasha cells depends on the material
quality, or on the bulk lifetime, of the
different wafers. Fig. 5 shows the average
efficiency values for n-Pasha cells made
with the high-efficiency processing using
the eight materials. For materials 1, 3
and 6-8, average efficiencies of 19.8%
were obtained. Materials 4 and 5 fared
better, demonstrating average efficiencies
of 19.9% and 20%. The best efficiency
of 20.2% was achieved with material 2
(in-house measurement using a reflecting
measurement chuck to simulate the
situation in a module, and reference cells
calibrated at ISE Cal lab). The average
and best cell results for material 2 are
summarized in Table 2.

These results show that the n-Pasha cell
concept makes it possible to obtain high
efficiencies using n-Cz material having
a large variation in resistivity, and also
using material from many commercial
wafer manufacturers. This proves that the
n-Pasha cell concept is an excellent route
to creating high-efficiency industrial solar
cells from n-type base material.

Cost reduction

Reducing Ag consumption has been
a driving force in improving the cost
effectiveness of n-Pasha solar cells.
Fig. 6 shows the silver consumption
on the front and rear sides of n-Pasha
cells for 2012 and 2013, relative to
the consumption in 2011; the average
consumption for a conventional p-type
solar cell is also shown. To make a fair
comparison, the costs of the aluminium
consumption for the p-type cells have
been recalculated in terms of the
equivalent milligrams of silver for the rear
side, since the aluminium is absent in the
case of n-Pasha cells.

For the front side of an n-Pasha cell, the
silver consumption has been reduced by
almost 40% relative in 2012 by: 1) adopting
a stencil print [14,15], which allows thinner
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Figure 5. Average efficiencies for n-Pasha cells (with lightly doped BSF) fabricated

using material from eight different commercial wafer suppliers.

keIl do[mAem?d VoV FFI%] oy [%]
Average 9.38 39.23 0652 783 20.04
Best cell 9.40 39.33 0653 788 20.23

Table 2. Average and best cell I-V characteristics for material 2.

fingers without a loss in fill factor; and
2) replacing the standard busbar paste
by the non-contacting busbar paste [21],
which also has a lower silver content. Both
changes have contributed to an efficiency
gain of around 0.5% absolute as described
above. The front-side silver consumption
for an n-Pasha cell is now already less than
the average consumption for the front-side
of a conventional p-type cell.

For the rear side, the silver reduction
that was realized in 2012 is even more
extreme. Thinner fingers, and again an
improved silver paste [23], have enabled a
silver reduction of almost 70% without any
loss in efficiency. ECN’s goal for 2013 is to
decrease the Ag consumption even further,
to just 50% of the original consumption on
the front and to just 25% on the rear, by
further paste and pattern optimizations.

For solar cell manufacturers, the total
silver consumption per output power
(Wp) is very important for their cost of
ownership calculations. This parameter
can be seen in Fig. 7. The first two bars
show the total silver consumption for
n-Pasha cells made in 2011, with 19%
average efficiency, and for n-Pasha cells
made in 2012, with 20% average efficiency.
In 2013, the silver consumption will be
reduced further, as shown in Fig. 6; the aim
is also, of course, to improve the efficiency
to a value of 21%. The silver consumption
target in 2013 is therefore calculated for
both 20% and 21% efficiencies. The last bar
on the chart shows the silver consumption
for a typical p-type Cz solar cell with an
average efficiency of 18.5%. The figures
show that the silver consumption per Wp
in 2012 for n-Pasha cells was comparable
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Figure 6. Relative Ag reduction for front and rear metallization of n-Pasha cells,

and a comparison with the average Ag usage for p-type cells.
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Figure 7. Silver consumption per cell per output power (Wp) for n-Pasha cells in

2011-2013, compared with p-type cells with average 18.5% efficiency.

to that for p-type cells, but is expected to
be lower in 2013.

“Silver consumption per Wp
in 2012 for n-Pasha cells was
comparable to that for p-type
cells, but is expected to be lower
in 2013.”

Further developments in 2013
and beyond

The next steps to improve the n-Pasha cell
concept even further will be to increase
the cell efficiency to 21% and decrease the
processing costs at the same time. The
topics for development will be:

1. Further reduction of the silver
consumption of the printed
metallization, especially on the rear side,
by printing and pattern optimizations.

2. Optimization of the emitter profile
and front-surface passivation. Thanks
to the improved rear diffusion, front-
surface passivation and reduced front-
side metallization, improvements will
become more beneficial.

3. Reduction of the front-metal silver
consumption, and at the same time
improvements in I, and V. without
a loss in FF, by introducing a metal
wrap-through (MWT) cell concept
[24,25]. An additional advantage of
this MWT cell concept is the lower
series resistance interconnection
losses when the cells are
interconnected to make up a module,
which results in an improved cell-to-
module ratio [26].

www.pv-tech.org

4.  Further reductions in silver
consumption by using only local
Ag contacts on the rear side and
connecting these by a full-area
deposited layer of cheaper metal, such
as aluminium. With this so-called
PERT structure, higher values of I
and V. are expected as well.

Conclusions

The n-Pasha solar cell concept has been
optimized in terms of both efficiency
and cost. Improvements in front-
side metallization, depending on the
technology used (stencil vs. screen
print) and the type of paste, resulted in a
stable improvement in V. of ~10mV, an
improvement in I, of 0.3A and a gain in
efficiency of 0.5% absolute because of the
reduction in metal coverage and contact
recombination. Moreover, an optimized
BSF diffusion in combination with front
and rear passivation resulted in another
stable improvement in V.. of ~10mV and
a 20% average efficiency, with 20.23% being
achieved for the best cell.

“The combination of efficiency
improvement and cost reduction
makes the n-Pasha cell concept
avery cost-effective solution for
manufacturing highly efficient

solar cells and modules.”

Stability of the process has been
demonstrated for several large batches
with >100 and >230 cells, and using n-Cz
material of various qualities and from
different suppliers. Special attention was
given to the solar cell dependence on
the base resistivity of the n-Cz material,
which is also one of the major challenges

for n-Cz. The high-efficiency n-Pasha
process is stable in a wide resistivity range
of 2-10Qcm, and optimization steps
have been identified, for example the use
of a dedicated rear-contact pattern or FF
optimization.

Significant steps have been taken with
regard to silver reduction for both the
front and the rear metallization of n-Pasha
cells: the total silver consumption is now
comparable to that of conventional p-type
cells. The combination of efficiency
improvement and cost reduction makes
the n-Pasha cell concept a very cost-
effective solution for manufacturing highly
efficient solar cells and modules.
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