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Introduction: n-type cell 
concepts
H i g h  e f f i c i e n c y ,  e a s e  o f 
industrialization and reliability are the 
main drivers towards low-cost (€/Wp) 
silicon PV. The March 2014 edition of 

the International Technology Roadmap 
for PV (ITRPV) envisages the share 
of n-type solar cells and modules 
becoming close to 40% in the next 
10 years [1]. 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] and its higher 
tolerance to the most common metallic 
impurities such as Fe [3]. These longer 
lifetimes are consequently reflected in 
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ABSTRACT
This paper reports on the progress of R&D in two n-type cell and module concepts: the n-Pasha solar cell and 
bifacial module, and the n-MWT (metal wrap-through) cell and module. Both are part of ECN’s technology 
platform, acting as a roadmap for research in n-type Cz cells and modules. The technology platform also 
encompasses low-cost IBC solar cells. In the case of n-Pasha, recent developments involve improved stencil-
printed metallization, resulting in an increased Isc and Voc and efficiencies of up to 20.5%. For the bifacial 
module aspect, research has been done on the effect of different albedo on the module output. A gain of 20%rel 
in module output power was obtained with an optimized background, increasing the module power from 
314W to 376W. As regards n-MWT cells, the front-side metallization pattern has been changed significantly. 
The number of vias for conducting the emitter current to the rear has been increased from 16 to 36, resulting 
in reduced lengths of busbars and fingers and consequently an increase in FF. At the same time, the metal 
coverage on the front side has been reduced from 5% to 3% of the total area, leading to a gain in Isc and Voc and 
a significant reduction in Ag consumption. All these factors will result in a lower cost/Wp. For the improved 
n-MWT design, average efficiencies of 20.8% over a large batch (134) of cells have been obtained, with the 
highest recorded efficiencies being 21.0%.
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Figure 1. ECN’s technology platform for cells and modules on n-type Cz material. It encompasses three technologies 
that are logical steps on the efficiency and development ladder. 
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higher efficiencies; indeed, the highest 
efficiency crystalline silicon modules 
currently on the market are based on 
the SunPower Maxeon technology, 
which uses  n- ty p e  Cz  mater ia l 
for manufacturing interdigitated 
back-contact (IBC) solar cells with 
efficiencies above 24%, and module 
efficiencies above 21% [4]. Very high 
efficiencies on n-Cz material can also 
be obtained with the heterojunction 
(HIT) technique used by Panasonic; 
Panasonic recently reported cell 
efficiencies of 25.6%, made possible by 
combining heterojunction and back-
contact (IBC) technologies [5]. 

“The March 2014 edition 
of the ITRPV envisages the 
share of n-type solar cells 

and modules becoming close 
to 40% in the next 10 years.”

Many institutes and companies have 
started to adopt simpler structures 
on n-type Cz material that still enable 
efficiencies above 20% to be realised. 
Yingli Solar began mass production of 
their PANDA cell line in 2010, and in 
2012 was already reporting efficiencies 
of 20% [6]. Other companies, such as 
PVGS [7] and Motech [8], are now also 
reporting efficiencies of 20–20.5% for 
bifacial n-type cells from their R&D or 
pilot production using boron emitter 
diffusion. Others, like Bosch [9] and 
CEA/INES [10], adopt ion implantation 
for the back-surface field (BSF) and 

emitter  formation,  which y ields 
efficiencies higher than 20.5%. Recently, 
FhG ISE has taken a different approach 
to obtaining higher efficiencies by using 
(on a laboratory scale) passivated rear 
contacts and a selective emitter in their 
TopCon process, enabling an efficiency 
of 24.4% to be achieved [11].

ECN’s n-type technology 
platform
ECN’s aim is  to develop highly 
efficient, low-cost and reliable solar 
cell and module concepts that can 
be easily adopted in mainstream 
industrial production. On the basis 
of over 10 years of research, ECN has 
established a technology platform on 
n-type Cz material that encompasses 
three different cell–module concepts 
(see Fig. 1). The basis of the technology 
platform is the relatively simple 
n-Pasha cell [12] – a bifacial solar cell 
with H-patterned metallization on 
both front and rear. ECN, Tempress 
and Yingli introduced this cell to the 
market in 2010 as a novel bifacial cell 
concept called PANDA [13], while in 
2013 Nexolon America selected this 
cell concept for their new production 
line, enabling the production of bifacial 
modules. 

The next step up in performance on 
the technology platform is the back-
contact n-MWT (metal wrap-through) 
integrated cell and module concept, 
which combines two of ECN’s cell 
concepts that are already proven both 
in the laboratory and on a large scale 
in industry: 1) ECN’s p-type MWT cell 
and module concept [14], based on foil 

interconnection; and 2) the n-Pasha 
n-type cell concept, as described 
above. The n-MWT cell process is 
very close to that of the n-Pasha cell, 
while yielding a higher short-circuit 
current and corresponding efficiency 
because of the reduction in front-side 
metal coverage [15]. The modules 
are produced using a conducting 
backsheet foil, on which the cells are 
assembled with conductive adhesive. 
The back-contact foil technology 
enables higher module power as a 
result of the reduction in cell-to-
module losses, because relatively wide 
metal grids in the conducting foil 
can be used and connected to many 
contact spots on the rear side of the 
cells. The n-MWT modules are ready 
to be produced on an industrial scale, 
as Yingli announced recently in a press 
release [16]. 

Apart from being a cost-effective 
h ig h-e f f i c ienc y  P V te chnolo g y, 
n-MWT technology is also a bridge or 
a step in the roadmap from n-Pasha to 
n-type IBC technology. In an IBC cell, 
the p-n junction and all metallization 
is moved to the rear. Recently ECN 
pre s ente d  n- ty p e  IB C Merc ur y 
cells [17], which employ a relatively 
conductive front floating emitter to 
avoid electrical shading issues present 
in conventional front-surface field 
(FSF) IBC cells, resulting in relaxed 
demands on the geometrical resolution 
in the processing. This allows the 
processing of highly efficient solar 
cells (no metal on the front side) with 
a process complexity similar to that for 
n-pasha and n-MWT cells. The IBC 
Mercury design can be combined with 

n-type Cz
p+ emitter

n+ BSF

Figure 2. Cross section of the ECN n-Pasha cell, featuring an n-type Cz Si wafer with a boron p+ emitter and a 
phosphorus n+ BSF. Yingli’s PANDA cells are also based on this structure.
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back-contact module technology in a 
very similar way to n-MWT modules. 

This paper will focus on the first 
two concepts  of  the technology 
platform: the n-Pasha cell and bifacial 
module, and the n-MWT cell and foil-
interconnection module. 

The n-Pasha cell 
The ba s ic  conf ig urat ion of  the 
n-Pasha solar cell is shown in Fig. 
2. The n-Pasha cells are fabricated 
on 6-inch n-type Cz wafers, and all 
processing steps used are compatible 
with an industrial-scale production. 
The texturing and cleaning steps are 
performed by wet chemical processes, 
while both the p+ (boron) and n+ 
(phosphorus) doped layers are created 
by tube furnace diffusion processes. 
Pa ss iv at ion  and  ant i - re f l e c t ion 
coatings are deposited using plasma-
enhanced chemical vapour deposition 
(PECVD) tools. The metal grids are 
printed, and the contacts on the 
emitter and BSF are formed during a 
single co-firing step. Both front and 
rear metallization can be directly 
soldered, so no additional metallization 
step is  necessar y to enable cel l 
interconnection into a module. The 
n-Pasha solar cells fabricated using the 
ECN ‘baseline’ process now typically 
achieve average efficiencies above 
20% on a wide range of materials. The 
consistent performance of n-Pasha 
processing for different materials and 
a wide range of base resistivities was 
extensively tested and published in 
2013 [18]. More details regarding 
n-Pasha cell processing can be found in 
previous publications [12,13,18].

If the n-Pasha cells are assembled 
in a standard monofacial module, 
maximum light trapping can be 
obtained by the rear dielectric layers 
in combination with a ref lecting 
backsheet foil. On the other hand, 
the  open rear-s ide  H- patterned 
metall ization makes the n-Pasha 
concept very suitable for bifacial cell 
and module technology, in which case 

an even higher module output power 
and an increased annual energy yield 
can be obtained when the modules are 
appropriately placed in the field. 

Bifacial n-Pasha modules
Because of  the transparent rear 
side and the absorbent background, 
bifacial modules demonstrate lower 
ef f ic ienc y or  power output  per  
unit  area when measured under 
standard test conditions (STC) than 
monofacial modules. However, the 
annual output of bifacial modules can 
be significantly higher, depending on 
albedo, orientation and tilt angle [19–
21]. At ECN, 72-cell bifacial modules 
were manufactured using six 12-cell 
strings made of (relatively old) n-Pasha 
solar cells with efficiencies of 19.0%. 
A resulting peak power of 314W was 
measured for the bifacial module 
under STC of 1000W/m2 irradiation, 

25˚C and a black background and 
environment. With another batch 
of n-Pasha cells of 19.6% efficiency, a 
monofacial 72-cell module was made 
that produced 334W. Average cell and 
corresponding module I–V data are 
summarized in Table 1, together with 
the cell-to-module (CtM) ratios for the 
bifacial and monofacial modules. The 
modules were measured under STC, 
which includes an absorbent black 
background.

The CtM ratios for Voc (above 100%) 
and FF (above 96%) are very similar for 
both modules. The Isc CtM ratio for 
the bifacial modules, however, is 2.7% 
lower (99.7% compared with 102.4%): 
this difference can be directly related 
to the loss of transmitted light that is 
not reflected at the white backsheet 
but absorbed in the black background. 

To simulate the effect of albedo on 
the power output of bifacial modules, 
and evaluate the potential gain for 

Module  Isc [A] Voc [V] FF [-] Eta [%] Pmax [W]

Bifacial with ARC Avg cell 9.14 0.638 78.0 19.05 4.55

 72-cell module 9.12 45.98 75.0 18.3 (per cell) 314.3

 CtM ratio 99.7% 100.1% 96.2% 96.0% 

 Full white wall 10.59    376
Monofacial with ARC Avg cell 9.25 0.650 77.9 19.6 4.69

 72-cell module 9.47 47.16 74.9 19.5 (per cell) 334.4

 CtM ratio 102.4% 100.7% 96.1% 99.1% 

Table 1. Cell and module data for bifacial and monofacial modules manufactured from n-Pasha cells, measured under 
STC (and also with a full white wall behind the bifacial module).

Figure 3. Increase in module Isc for bifacial modules when the albedo is 
changed. Under STC with an absorbent background, the Isc for all modules 
is under 9A; with a full white wall behind the module, the Isc becomes 10.6A, 
with a corresponding module output of 376W. 
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the bifacial modules when they are 
placed in a proper environment, two 
bifacial modules were measured with 
a white backsheet (same material as 
for the monofacial module) at various 
distances behind the module (see Fig. 
3). With a white backsheet directly 
against the transparent backsheet, the 
Isc of the bifacial module increased 
to the value expected for the same 
module in a monofacial layout, namely 
9.2A. When the white backsheet was 
placed further away from the module 
(5 to 20cm), the Isc output increased 
even more. A full white back wall 
(approximately 3m × 2m, behind the 
module) yielded 10.6A and 376W; 
more than 90% of the gain is due to 
rear illumination.

In summary, when bifacial n-Pasha 
modules are placed in an environment 
with sufficient albedo (for instance 
crushed shells or specially coated 
roofs, so-called cool roofs), a gain in 

module output power of up to 20% 
(314W to 376W) is observed.

“When bifacial n-Pasha 
modules are placed in an 

environment with sufficient 
albedo, a gain in module 

output power of up to 20% is 
observed”

Improvements in 
n-Pasha cell and module: 
metallization
To reduce Ag consumption, increase 
the active area of the cell, and decrease 
recombination losses due to the 
metallization grid, stencil printing of 
narrow high-aspect-ratio lines was 
investigated. An added advantage of 

stencil printing is the uniformity of 
the print cross section, improving the 
efficiency of the Ag usage. The results 
are presented here for three different 
stencil designs with nominally 40-, 
45- and 55µm-wide fingers. All other 
processing, including the number of 
grid fingers, was kept constant. The 
resulting average cell parameters are 
shown in Table 2. For the best cell 
group, average efficiencies of 20.3% 
and a highest efficiency of 20.5% were 
obtained. The gain in Isc for the 45- 
and 40µm-wide fingers is even larger 
than expected for the decreased finger 
width: this may be due to the change 
of metal paste for these two groups, 
which enabled f ingers with ver y 
high aspect ratios of almost 1, and is 
currently under investigation.

These cel ls  were subsequently 
laminated in single-cell test laminates 
using a white backsheet similar to the 
monofacial module in Table 1. The 

Finger width [µm] Isc [A] Jsc [mA/cm2] Voc [V] FF [-] Eta [%]

55 avg 9.29 38.87 0.649 78.89 19.9

45 avg 9.44 39.49 0.651 78.15 20.1

40 avg 9.45 39.54  0.654 78.49 20.3 (20.5 max)

Table 2. Average I–V data for n-Pasha cells with different front metallization: the finger width of the stencilled fingers 
is decreased while the number of fingers stays the same.
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module Isc increases in all cases, as 
compared with the cell Isc. The CtM 
ratio gain in Isc is somewhat lower 
for the narrow-finger cells, as can be 
expected from the reduced benefit from 
the internal reflection of light scattered 
off the fingers inside the module. 
Very high currents of up to 9.6A were 

measured for the best single-cell 
laminates, as shown in Fig. 4.

Improvements in bifacial 
module: Bumblebi
Typical bifacial modules do not have 
an equal power (or appearance) on 

both sides of the module, mainly 
because of the lower Isc when the 
modules are illuminated from the rear. 
A new approach in which the front and 
rear response (and appearance) of the 
modules is equalized is currently under 
investigation at ECN and will be briefly 
described in this section. An equal 
front and rear response of a module 
will be especially useful if the bifacial 
modules are used in an east–west 
orientation, because in this case the 
harvested power will be more evenly 
distributed over the whole day. 

In  this  ne w approach,  named 
Bumblebi, 50% of the cells in a module 
are turned around: thus each side of 
the module has 50% of the cells with 
the positive contact(s) and 50% of 
the cells with the negative contacts 
on that side. To avoid the current 
mismatch between turned cells, the 
forward- and backward-facing cells are 
connected in series in separate strings, 
which are subsequently connected 
in parallel (ECN patent pending). 
The idea is shown in Fig. 5 for small 
2×2 modules, but this can easily be 
extrapolated to larger strings, e.g. 60- 
or 72-cell modules. The first results 
from these mini-modules indicate that 
the Bumblebi module outperforms by 
~3%rel the regular bifacial geometry 
under bifacial circumstances (diffuse 
light and addition of white panels 
as a back wall in the Pasan f lash 
tester). The improved performance is 
confirmed by modelling and further 
experimental investigation is currently 
under way.

n-MWT cells
The n-MWT cell processing in general 
remains very close to the conventional 
front-to-back contact n-Pasha cell 
processing. Additional laser processing 
is used to form via holes by means 
of which the front-side metal grid 
is wrapped through the wafer. Like 
the n-Pasha cells, the cell structure 
comprises a front-side boron emitter, 
a phosphorus BSF and an open rear-
side metallization suitable for thin 
wafers (Fig. 6). Metal contacts can 
be deposited by an industrial screen-
printing process with no further 
requirements regarding alignment 
compared with the screen-printing 
process used in the industrial n-Pasha 
process . The front- and rear-side 
metal grid patterns can be based on 
a H-pattern lookalike grid design, 
or on a modular (front) grid design, 
combined with the unit cell concept. 

To compare the performance of 
n-MWT with n-Pasha cells, both cell 
types were prepared from adjacent 
n-type Cz wafers (239cm2, 200µm 

Figure 5. Schematic view of a normal bifacial, a mixed-cell bifacial and a 
Bumblebi bifacial mini-module. F and R indicate the front and rear sides of 
the bifacial n-Pasha cells. Module 1 has no mismatch but is asymmetric in 
terms of front and rear illumination. The second module has mismatch in 
Isc because of the mixing of F and R cells, but is symmetric in front and rear 
illumination. Module 3, the Bumblebi, has a very small voltage mismatch 
because of F and R strings, but is also symmetric.

F
FF
F F

FR
R F

RF
R

Patent pending

 

Module 1 Module 2 Module 3: Bumblebi

Figure 4. Improvement in Isc for mini-modules made from four cells, for 
different front-finger widths.
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thickness , approximately 1.7Ω∙cm 
r e s i s t i v i t y ) .  B o t h  g r o u p s  w e r e  
processed in parallel and received 
comparable processing ,  with the 
exception of the steps specific to 
n-MWT, such as via drilling and 
v ia  metal l izat ion.  The I–V  data 
are presented in Table 3: average 
eff iciencies of 20.04 and 19.89% 
respectively were obtained for n-MWT 
and n-Pasha, equating to a 0.15%abs 
ef f iciency gain for n-MW T over 
n-Pasha [15].

The Jsc gain of 2.6% for the n-MWT 
cells is related to the reduced front 
metal-shading losses thanks to the 
narrow and tapered front busbars. 
Because the n-Pasha process used 
non-contacting front busbar paste 
[18] ,  there is  no addit ional  Voc 
gain realized by the n-MWT cells 
from the reduction of busbar area 
(reduced metal recombination). In 
this experiment the cell efficiency 
benefit of the MWT structure is 
therefore ~0.15%abs, compared with 
~0.25%abs previously reported [22]. The 
n-MWT cells exhibit a lower FF than 
the n-Pasha cells, which stems from 
a higher series resistance. The major 
contributions to series resistance and 
FF losses are summarized in Table 4. 

As can be seen in Table 4, the largest 
factor contributing to series resistance 
in n-MWT cells is the busbars, which 
deviate from the n-Pasha situation in 
that no tab is soldered to the busbar 
to enhance conductance. Resistive 
losses therefore occur in transport 
through the busbar to the vias. Several 
options exist for reducing the resistive 
losses and consequently the FF loss 
of n-MWT cells. A straightforward 
option is to increase the number of 
vias, which shortens both the busbars 
and the metal fingers at the same time; 
however, a drawback of this could be 
the increased chance of recombination 
and thus Voc loss as a result of the 
numerous contact points.

n-MWT cells with new front-
side patterns
To improve n-MWT performance, new 
MWT patterns with 36 vias (six rows, 
each with six vias) were designed. 
The simplest new n-MWT design was 

 Jsc [mA/cm2] Voc [V] FF [-] Eta [%] Rseries [mΩ]

n-Pasha avg 38.90 652 78.4 19.89 4.9

n-Pasha best 38.97 653 78.5 19.98 4.8

n-MWT avg 39.95 652 76.8 20.04 5.7

n-MWT best 40.01 653 77.0 20.10 5.6

Table 3. I–V characteristics of n-Pasha and n-MWT cells with comparable J0 and metallization parameters. (Rseries was 
obtained from the fit to a two-diode model.)

Source of Rseries in MWT cell Rseries FF loss

Metal via resistance  0.2mΩ 0.3%abs

Front- and rear-side busbars  0.7mΩ 1.1%abs

Increase in Isc  0.1%abs

Total 0.9mΩ 1.5%abs

Table 4. Calculated contributions to series resistance and FF losses of 
n-MWT cells compared with n-Pasha cells.

Figure 6. (a) Schematic cross section of an n-MWT cell; (b) a 4×4 n-MWT 
front-grid design, with tapered busbars. The 16 vias are located in the thicker 
parts of the busbars. The metal fraction of the front-side metallization is 
around 5% of the total area.

n-type Cz
p+ emitter

n+ BSF

Laser via through wafer

Emitter contactBSF contact

Front grid

 
 

(a)

(b)
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based on six thin busbars connecting 
the rows of vias. The rear pattern also 
consists of thin busbars, connecting 
7×7 (–4, because of semi-square wafer 
format) base contact points (Figs. 
7(a) and (b)). Alternatively, different 
front-side patterns can be designed for 
improved aesthetics. Two examples 
were tested: the so-called ‘starship’ 
pattern and a circles pattern (Figs. 
7(c) and 7(d)). All three 6×6 front-side 
configurations were combined with 
the rear-side metal pattern shown in 
Fig. 7(b) and compared with the 4×4 
pattern in a cell experiment consisting 
of four groups.

The Isc and Voc data of the four 
groups are shown in Fig. 8; these 
two parameters were both found to 
depend mainly on the metal fraction. 
The increased number of vias did not 

seem to have a negative effect on the 
passivation (Voc) at this stage. The ‘old’ 
4×4 n-MWT pattern has the largest 
metal fraction of around 5% including 
the busbars, resulting in the lowest 
currents and voltages . The ‘new’ 
n-MWT pattern, with busbars and 36 
vias, has the smallest metal fraction of 
3.1%, which resulted in cells with an 
average high current of 9.63A, and an 
average Voc of 654mV.

“To improve n-MWT 
performance, new MWT 
patterns with 36 vias were 

designed.”
As expected, the FF for the 6×6 

busbar pattern is clearly better than for 

the 4×4 busbar pattern, but the highest 
FFs are obtained for the 6×6 starship 
pattern, which is specially modelled 
and designed to limit resistance losses 
(Fig. 9). The highest average efficiency 
of 20.3%, however, is obtained for 
the 6×6 busbar pattern because of its 
superior Jsc and Voc. 

Another important benefit of the 
6×6 busbar pattern is that the paste 
consumption for both the front and 
the rear metallization is significantly 
reduced compared with that for the 
4×4 pattern. The paste consumption 
for the latter is similar to that for 
three-busbar n-Pasha cells. In this 
experiment the reduction for the 6×6 
pattern is already over 20%, and it is 
expected that in a (cost-)optimized 
situation a reduction of 50% should 
be possible, with only minor FF and 

Figure 7. (a) Front-side ‘new’ n-MWT: 6×6 vias with thin busbars; metal fraction ~3.1% of total cell area. (b) Rear-
side ‘new’ n-MWT: 6×6 emitter contacts and (7×7)–4 base contacts (corners are excluded because of the semi-square 
wafer). (c) Starship pattern; metal fraction ~4.7% of total cell area. (d) Circles pattern; metal fraction ~4.4% of total cell 
area.

(c)
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(b)

(d)
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efficiency penalties. 

n-MWT modules
In two recent large n-MWT runs, 
high-quality n-Cz material and process 
improvements adopted from recent 
n-Pasha cell optimizations were used 
[23,24]. In the first run, the old via 
pattern with 4×4 vias was employed 
(see Fig. 6(b)). A best cell efficiency 
of 20.5% (certification pending) and 
average efficiencies over 60 cells of 
20.3% were obtained. These cells were 
assembled in a 60-cell module using 
commercially available equipment 

from Eurotron to pick and place the 
cells onto the copper backsheet foil 
[14]. The module has been tested using 
an A-class multi-flash solar simulator 
to demonstrate a power of 291Wp 
under STC, as can be seen in Fig. 10. 
The average cell data and module I–V 
are shown in Table 5. 

In the second run, the best 6×6 
via pattern was used (see Fig. 7(a)); 
in addition, recent improvements 
from n-Pasha cells were transferred 
to the n-MWT cells . The results 
obtained from this run were a best 
cell efficiency of 21.0% (measured on 
a reflecting chuck) and an average 

efficiency of 20.8% over more than 
100 cells. The efficiency distribution 
of the full batch of 134 cells (shown in 
Fig. 11) was quite narrow, indicating a 
very stable process. The best 60 cells 
yielded an average 20.9% efficiency 
and will be assembled into a module 
in September 2014. With a CtM ratio 
similar to that for the 4×4 via module, 
a module power output of over 300W 
is expected.

Summary and conclusions
Two n-type solar cell and module 
concepts have been discussed: the 
n-Pasha solar cell and bifacial module, 
and the n-MWT cell and module. 
In the case of n-Pasha cells, recent 
de velopments  involve  improve d 
s t e n c i l - p r i n t e d  m e t a l l i z a t i o n , 
resulting in an increased Isc and Voc 
and efficiencies of up to 20.5%. For 
the bifacial module aspect, research 
has been done on improving the 
module output power by changing 
the albedo. A gain of 20%rel in module 
output power was obtained with 
optimized background, increasing 
the module power from 314W to 
376W. Furthermore, a new bifacial 
module concept called Bumblebi was 
introduced, in which the front and 
rear response (and appearance) of the 
modules are equalized. Equal front and 
rear responses will be especially useful 
if the bifacial modules are used in an 
east–west orientation, because in this 
case the harvested power will be more 
evenly distributed over the whole day.

“A module under 
construction using sixty 

n-MWT cells with an 
average efficiency of 20.9% is 
expected to deliver a power 

output of over 300W.”
For n-MWT cells, the front-side 

metallization pattern has been changed 
significantly by adopting 36 (6×6) 
vias instead of the 16 (4×4) that have 
traditionally been used up to now. 
This results in reduced lengths of 
busbars and fingers and consequently 
an increase in FF. The metal coverage 
on the front side was reduced from 
5% to 3% of the total area, resulting in 
a gain in Isc and Voc, and at the same 
time a significant reduction in Ag 
consumption. All these factors will 
result in a (much) lower cost/Wp. For 
the improved n-MWT design, average 
efficiencies of 20.8% over a large batch 
(134) of cells have been obtained, with 

 

Figure 8. Isc and Voc of n-MWT cells with different numbers of vias (16 and 
36) and different front metal patterns. 

Figure 9. FF and efficiency of n-MWT cells with different numbers of vias (16 
and 36) and different front metal patterns.
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the highest recorded efficiencies being 
21% (before mismatch correction). 
The pattern of the backsheet for the 
modules was adjusted accordingly. 
A  m o d u l e  u n d e r  c o n s t r u c t i o n 
(September 2014) using sixty n-MWT 

cells with an average efficiency of 
20.9% is expected to deliver a power 
output of over 300W.
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