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Figure 1: Overview over the various MWT structures for p-type silicon base material that have been evaluated so far. MWT-
BSF+ denotes a simplified MWT-BSF structure without an emitter in the via and at the rear. This structure was first 
published by Yin et al. [7]. The high-performance MWT (HIP-MWT) approach [9] is a simplified version of the conventional 
MWT-PERC structure that omits the rear emitter. Within this paper, the further simplified structure even without an emitter 
in the via is referred to as HIP-MWT+. 
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ABSTRACT: This work gives a review on the present status of p-type metal wrap through (MWT) silicon solar cell 
development and presents future expectations. With novel materials and approaches, many critical issues that have 
been discussed as potential show stoppers in the past are now overcome. The MWT technology, especially when 
combined with rear surface passivation, has the potential to significantly decrease cost of ownership. According to 
our calculations, MWT-based modules show a cost advantage of 2 % against H-pattern approaches; cell conversion 
efficiency is expected to reach 21 to 22 % in the medium term. 
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1 INTRODUCTION 
 
1.1 Motivation 

“Are MWT solar cells at a dead end or finally 
approaching breakthrough?” is a question that may arise 
after both research institutes and industry have promoted 
industrial fabrication of MWT solar cells [1] for a decade 
now [2–6], but still today MWT modules do not hold a 
significant market share. This work aims at finding an 
answer to this question. It presents an overview over the 
development of the MWT cell and module technology 
and discusses the advantages and disadvantages 
compared to conventional H-pattern approaches. 
Furthermore, this paper reviews the variety of different 
MWT structures and contact layouts that have been 
published over the last years. 

 
1.2 MWT Structures 

Figure 1 summarises the most popular MWT 
configurations. The main motivation behind the 
introduction of novel structures is the simplification of 
the process sequence in order to reduce fabrication costs. 

Yin et al. proposed a simplified version of the 
conventional MWT-BSF structure that only exhibits an 
emitter on the front [7]. For MWT solar cells with rear 

surface passivation (MWT-PERC) [8], a simplification of 
the structure is also possible [9]. A simplified MWT 
structure with rear surface passivation but without rear 
emitter is called high-performance MWT (HIP-MWT). 
Improvements such as selective emitter structures [10] 
are compatible with all presented MWT approaches. 

 
 

2 APPROACH 
 

A review of recent publications from institutes and 
industrial manufacturers is carried out. This allows for an 
identification of trends and challenges. Despite the option 
to integrate rear surface passivation and to vary the 
contact layout, several configurations of the diffused 
areas have been developed (regarding the formation of an 
emitter in the vias or beneath the rear n-type contacts) [7, 
9, 11]. The simplification of the process sequence as well 
as the module interconnection is the driving force behind 
these developments. 

Since the selection of the MWT cell structure is 
independent from the geometric arrangement of the rear 
contacts, these two issues are evaluated individually 
within this work. The most promising external contact 
layout is identified by taking into account the expected 
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Figure 2: Expected development of the conversion 
efficiency of p-type MWT solar cells with passivated 
rear surface after integration of technological 
improvements. 

Table 1: Published MWT solar cell results for p-type silicon base material. mCz denotes magnetic field assisted Cz growth. 
 

company/institute cell type comment η (%) jsc (mA/cm2) Voc (mV) FF (%) j-12V (mA/cm2) 

Bosch 
(2011, [2]) 

MWT-BSF 
Cz-Si 

selective 
emitter (SE) 19.4     

Canadian Solar 
(2013, [7]) 

MWT-BSF+ 
cast mono Si SE 19.6 39.0 639 78.7 2.45 

ECN 
(2012, [21]) 

MWT-BSF 
mc-Si  17.9 36.4 632 77.8  

Fraunhofer ISE 
(2011, [22]) 

HIP-MWT 
mc-Si  18.2* 36.9 637 77.3 2.55 

Fraunhofer ISE 
(2011, [15]) 

MWT-PERC 
FZ-Si 

dispensed front 
grid, SE 20.6* 39.9 661 78.3 4.65 

Fraunhofer ISE 
(2012, [12]) 

HIP-MWT  
mCz-Si 

stencil printed 
front grid, SE 20.2* 39.2 661 78.0 2.75 

Fraunhofer ISE 
(2012, [23]) 

HIP-MWT+ 
FZ-Si  20.3* 39.2 664 78.1 4.71 

Kyocera 
(2008, [24]) 

MWT-BSF 
mc-Si RIE texture 18.3* 37.2 626 78.5  

* independently confirmed 

conversion efficiency for each contact configuration as 
well as cost of ownership calculations. 

 
 

3 RESULTS AND DISCUSSION 
 

3.1 Efficiency Potential 
The estimated efficiency potential of p-type MWT 

solar cells with printed contacts is calculated using 
analytical device modelling based on previously 
published experimental results for HIP-MWT solar cells 
with magnetically Cz-grown silicon (mCz-Si) base 
material, stencil printed front grid and three external 
contact rows [12]. Figure 2 shows the results of the 
calculation after considering the following 
improvements: reduction of the emitter dark saturation 
current density to j0e = 100 fA/cm2, narrower front grid 
lines (50 % less shading), reduced rear surface 
recombination velocity Spass = 10 cm/s, optimised base 
resistivity and a reduced interstitial oxygen concentration 
of [Oi] = 3∙1017/cm3. Stable conversion efficiencies 
exceeding 21 % seem feasible in the medium term. The 
calculation does not account for the positive impact of an 
increased number of rear contact rows discussed in the 
following. This, as well as the integration of novel front 
contact approaches such as plated contacts [13] and an 
optimised formation of local rear contacts with reduced 
recombination might increase the maximum efficiency 
even further.  
 
3.2 Current status of the MWT technology 

According to several publications, the MWT 
technology shows an efficiency gain of up to Δη ≈ 0.5 % 
absolute compared to H-pattern solar cells [5, 9, 14]. 
Table 1 shows a selection of representative MWT results 
from industry and institutional research. Superior 
conversion efficiencies with maximum values of 20.6 % 
[15] have been reported. Nevertheless, several companies 
that had been working on MWT technology [16, 17] did 
not bring the concept to mass production yet. We 
attribute this to the lack of an economically feasible 
module interconnection technology in the past. Foil-
based approaches [6] had been commercialised [18] but 

only now producers of appropriate structured backsheets 
announced competitive prices. Moreover, ribbon-based 
interconnection [19] is moving into the focus of 
equipment manufacturers [20] especially due to its 
reliability, cost effectiveness and the similarities to 
conventional module interconnection. 

Recent progress in via paste design enables new and 
even more simplified MWT structures [7, 9]. Besides the 
drilling of the vias, these structures do not require MWT-
specific process steps, thus retrofitting of production lines 
for conventional solar cells is getting more attractive – 
the front end process sequence is the same as for H-
pattern solar cells. 

 
3.3 Cost optimised metallisation layout 

Analytical simulation with Gridmaster [25] and 
bottom-up cost calculations with SCost [26] are used to 
determine the most-cost effective metallisation layout for 
screen printed p-type Si HIP-MWT and H-pattern PERC 
solar cells (Cz-Si, 156 mm edge length, 1.1 Ωcm) and 
modules. Figure 3 shows the simulated conversion 
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Figure 4: Calculated cost of ownership for p-type Si 
HIP-MWT and H-pattern PERC solar cells and modules. 
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Figure 3: Simulated conversion efficiency of p-type Si 
HIP-MWT and H-pattern PERC solar cells and modules.  

efficiencies for both cell technologies on cell and module 
level. For all simulated cells the number of contact rows 
is varied methodically while the front finger width is 
constantly set to 60 µm. As a basis for the HIP-MWT 
metallisation layout an asymmetrical rear design with 
equal number of n- and p-type contact rows as typically 
used for ribbon-based cell interconnection [19, 20, 27] is 
assumed. On the rear 15 n-type and 5 p-type contact pads 
per contact row measuring 2 mm in diameter are applied. 
The front pseudo-busbar is tapered linearly and the width 
is conversion efficiency optimised according to analytical 
simulations for each simulation layout. The H-pattern 
PERC solar cells feature nonlinearly tapered front 
busbars with a maximum width of 1 mm. As for the 
HIP-MWT cells the number of p-type pads is 5 per 
contact row. The module conversion efficiency is 
aperture area related with an assumed cell and edge gap 
of 2 mm. For both cell technologies a ribbon-based 
module assembly process is presumed. Electrical cell-to-
module losses CTMelectrical are calculated using analytical 
simulation. In case of the HIP-MWT modules 4 mm wide 
copper ribbons are applied regardless of the metallisation 
layout. For the H-pattern modules the copper ribbon 
width is subsequently reduced from 1.5 mm for the three 
contact row layout to 1 mm for layouts with five and 
more contact rows. The sum of the optical losses and 
gains is assumed with CTMoptical = -1 % relative for all 
simulated module efficiencies. A more detailed cost 
calculation is presented by Hendrichs et al. [28]. 

The results clearly demonstrate an advantage for the 
MWT approach that allows for lowering the front grid 
series resistance by adding additional contact rows 
without decreasing the active cell area. In agreement with 
experimental results [5, 9, 14] the over-all conversion 
efficiency gain of the MWT technology is in the range of 
0.5 % absolute on cell level. Due to reduced CTMelectrical 
the conversion efficiency advantage of the MWT 
technology is doubled to about 1 % absolute on module 
level when comparing metallisation layouts with five 
contact rows.  

Nevertheless the increased performance of the 
HIP-MWT solar cells and modules is accompanied by 
increased costs during cell production and module 
integration. The key question is whether the HIP-MWT 
approach can be cost competitive with the conventional 
H-pattern PERC technology. Figure 4 shows the 

calculated cost of ownership of p-type Si HIP-MWT and 
H-pattern PERC solar cells and modules. All material and 
processing costs are selected to the best of our knowledge 
and are representative for a 400 MWp production facility 
located in Europe. Copper ribbon costs are included with 
an expected price of 20 €/kg whereas a price of 670 €/kg 
is assumed for the silver paste. In case of the MWT 
modules the additional rear isolation layer for the rear 
contact pad insulation is included with 3 €/m². 
Furthermore the investment of the adapted back-contact 
tabber and stringer is supposed to be 125 % of a 
conventional tabber and stringer. 

For the investigated module assembly process the 
HIP-MWT solar technology is found to be more cost 
effective on cell and module level when compared to the 
conventional H-pattern PERC approach. On module level 
the cost advantage sums up to 2 % when metallisation 
layouts with five contact rows are compared. 

From a cost of ownership perspective, the optimum 
number of contact rows is in the range of 4 to 7 for HIP-
MWT solar cells. However, since the complexity of the 
tabber stringer increases with increasing number of 
contact rows, a realistic number of contact rows for 
MWT is 4 or 5. For modules made from H-pattern solar 
cells, the calculation shows minimum cost of ownership 
with 4 or 5 busbars. 
 
3.4 MWT specific issues 

In principle, the MWT approach is easily integrated 
into existing p-type solar cell structures by adding a laser 
drilling process step for the formation of vias [9]. 
Nevertheless, a number of issues arise from the rear 
n-type contact. Table 2 summarises the current status of 
the relevant MWT related questions and presents the 
most promising solutions. 

From our point of view, solutions to all issues exist. 
The most important topic for future investigations is the 
long-term reverse bias stability. First experiments show 
that via pastes exist which do not show increasing 
leakage current after reverse load [29, 30]. Regarding the 
reverse bias stability, MWT solar cells without rear 
emitter even offer the promising possibility for an 
integrated bypass diode functionality at no extra cost – its 
implementation solely demands for a specially adapted 
via paste composition [31]. 
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Table 2: Status of MWT-specific questions and loss mechanisms. 
 

issue comment status most promising 
solution(s) 

via drilling [34] only a few milliseconds per via are 
required with laser drilling solved laser processing 

via metallisation [35–37] series resistance is negligible when a 
sufficient amount of vias is used solved metallisation during 

printing of solder pads 
recombination (j02) due to 

inhomogeneous via emitter [38] 
does not occur when optimised process 

sequences are applied solved omit via emitter 

rear contact isolation [2, 39, 40] reduction of pFF by up to 1 % absolute 
observed solved omit rear emitter 

rear emitter shunting by Ag 
paste [8, 41] 

relevant for MWT-BSF, adapted via 
pastes solve this issue solved omit rear emitter 

leakage current from via metalli-
sation to p-type base [23] 

relevant for MWT-BSF+ and HIP-
MWT+; MWT-BSF+ most critical due to 

direct contact at the rear 
solved adapted via paste, rear 

dielectric 

reverse bias stability 
[9, 22, 23, 29, 31] 

relevant for MWT-BSF+ and HIP-
MWT(+); MWT-BSF+ most critical due 

to direct contact at the rear 

long term 
stability to be 

proven 

adapted Ag paste, rear 
dielectric 

contact layout [14, 42] 
flexible design of front grid possible, low 
series resistance and reliable printability 

are most important 
solved 4 to 5 contact rows 

module integration [6, 19, 20] foil-based or ribbon-based interconnection 
possible solutions exist not yet clear 

 

3.5 Discussion  
Our calculations and the review show clear 

advantages for the MWT approach compared to 
conventional H-pattern solar cells. The investigation 
confirms increased conversion efficiency and decreased 
cost of ownership for MWT-based modules. 

Indeed, the introduction of novel technologies and 
approaches bears risks and uncertainties. This might be 
one of the key reasons why the market share of MWT-
based modules is still negligible. A main advantage of the 
conventional H-pattern approach is the availability of 
well-proven and reliable equipment and production 
processes. On the other hand, however, the current crisis 
that affects a major part of the solar industry might be a 
motivation to introduce new technologies. With a 
production process closely related to conventional H-
pattern solar cells, MWT offers the possibility to decrease 
cost of ownership of the module production and similarly 
to pave the way for module integration of other back-
contact solar cell structures with even higher efficiency 
potential, e. g. back-contact-back-junction solar cells [32, 
33]. 
 
 
4 CONCLUSION 
 

This work summarises the current status of the MWT 
technology for p-type silicon base material. Detailed 
bottom-up cost calculations demonstrate the advantage of 
the MWT approach compared to modules based on H-
pattern solar cells. Analytical device modelling reveals an 
efficiency potential of significantly above 21 % even 
after light-induced degradation. A review of the most 
important MWT-related questions shows that solutions to 
all issues exist. Recently, foil suppliers announced cost-
effective prices for foil-based interconnection. At the 
same time, ribbon-based interconnection gained 

attraction since adapted tabber and stringer systems only 
cause a slight increase in investment costs compared to 
conventional equipment. 

In conclusion, MWT solar cells and modules are 
ready for industrial fabrication and competitive 
production technology exists. Thus, the question “Are 
MWT solar cells at a dead end or finally approaching 
breakthrough?” cannot be answered by examining the 
current state of research but rather depends on the 
willingness of the industry to take the risk of 
implementing a new technology. From our point of view, 
this risk is manageable and offers the opportunity to resist 
the current crisis – not least because MWT-based 
modules have a more homogeneous optical appearance 
and thus form a premium segment product which are well 
suited for building integrated applications. 
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