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Abstract  —  In this paper we present the successful integration 
of a silicon heterojunction (HJ) solar cell with metal wrap 
through architecture (MWT). This MWT-HJ cell and module 
technology combines all the advantages of the individual 
concepts. With this contribution we demonstrate a record device 
efficiency of 20.3% achieved using commercial n-type Cz 6 inch 
wafers. To our knowledge this is the first time that cell results for 
MWT-HJ architecture have been reported. We put this result in 
perspective providing a solution for the reduced conductivity of 
low temperature silver pastes used for HJ cell fabrication. We 
propose a method to increase the solar cell performance up to 
4%rel together with a 50% cost of ownership reduction of the 
front silver metal including plug and conductive adhesive. This is 
possible solely by the optimization of the front metal grid in this 
MWT structure predicting efficiencies above 21%. MWT-HJ is a 
fully low-temperature integrated cell and module concept and 
compatible also with next generation thinner wafers. 

Index Terms — silicon, metal wrap through, heterojunction, 
photovoltaic cells. 

I. INTRODUCTION AND BACKGROUND 

High efficiencies and low materials consumption are the 
main drivers towards low-cost ($/Wp) silicon PV modules.  

Several solar cell technologies have demonstrated the ability 
to reach more than 20% cell efficiency. In addition, new back 
contact module technologies are now available to overcome 
losses caused by the interconnection and due to the limited 
width of the tabs. 

In this contribution we demonstrate the successful 
combination of Metal Wrap Through (MWT) cell and module 
technology with Heterojunction (HJ) solar cells. 

The vast majority of the market implements module 
technologies based on interconnection of solar cells in strings 
by tabs soldered from the front of one cell to the rear of the 
adjacent one. To limit shading losses caused by these tabs, 
such interconnection leads to additional resistivity losses in a 
string of cells thereby reducing the module performance. 
MWT technology provides a relatively small step from 
conventional cell technologies and has already demonstrated 
to increase the module power by 3%, and up to at least 5% is 
anticipated [1]. This is possible thanks to an integrated cell 
and module design in which conductive interconnection foil is 
used to reduce the cell-to-module power loss compared to 

conventional tabbing technology. Part of this gain is thanks to 
the reduced metal coverage on the front side, giving the solar 
cell performance a potential efficiency increase up to about 
2.5% relative. Furthermore, thanks to the unit cell concept (the 
front contact of each unit cell connected to a rear contact by a 
through-cell via) an MWT cell structure decouples the wafer 
size from metallization requirements allowing for better cell-
to-module power ratio. 

Heterojunction solar cells have demonstrated more than 
24% cell efficiency achieving excellent surface passivation 
with Voc exceeding 730 mV [2]. This has an impact on the 
temperature coefficient as well, resulting in higher module 
output power under real operating conditions. Nevertheless the 
low temperature Ag paste required for contact formation in HJ 
devices is still a challenge as it suffers from low conductivity 
resulting in high Ag consumption. Solutions such as multi-
wire interconnection and multi-busbars have been introduced 
to tackle this conductivity issue. MWT-HJ architecture 
provides an alternative solution to the reduced conductivity of 
low temperature silver pastes while maintaining the above 
mentioned advantages.  

Moreover, the low-temperature process required by 
heterojunction is perfectly met by the soldering-free MWT 
module technology which uses conductive adhesive and single 
step curing for interconnection and encapsulation. MWT and 
HJ cell technologies are also compatible with next generation 
thinner wafers resulting in a win-win situation both on cell and 
module level. 

MWT-HJ devices combine all the advantages of the 
individual concepts in a device with high open circuit voltage, 
high short circuit current and high module power thanks to 
reduced power loss. Recent modeling of this cell architecture 
also predicted these attributes [3, 4]. In this paper, we show 
first results of this MWT-HJ solar cell architecture which 
resulted up to now in a record efficiency of 20.3% using 
commercial n-type Cz 6 inch wafers. To our knowledge this is 
the first time that cell results for MWT-HJ architecture have 
been reported. 
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the large impact of the shunt in a front emitter structure in 
comparison to the recombination currents in the overall 
volume surrounding the vias (see Fig. 2) in a rear emitter cell. 
However when the dead emitter area per via is kept constant, 
increasing the number of vias will increase this recombination 
due to its increased ratio with respect to the unit cell area. 2D 
simulation results are reported in Fig.6. For the model a 
simplified cell geometry was used. The simulation domain 
was confined to the cell section surrounding one via. 
Cylindrical coordinates were used to allow for a realistic ratio 
of the dead and active emitter areas. We modeled the worst 
case scenario with no via passivation. The model showed very 
small Voc losses in agreement with the experimental results 
reported in the previous paragraph while Jsc and FF are 
affected. This is explained by the reduced active emitter area 
and by extra recombination in the dead emitter area which is 
in contact with the metal plug. In Fig.6 we report the model 
results for a 4×4 and 8×8 device structure as function of the 
rear side metal plug radius. The dead emitter area is kept 
constant for simplification. This, however, is not a physical or 
technological limitation since there is no reason why the dead 
emitter area cannot be reduced proportionally to the rear metal 
pad. In the 4×4 configuration the power losses are limited and 
the sensitivity towards the rear pad radius is very weak. This is 
because of the relatively low number of vias in the cell. On the 
contrary in an 8×8 configuration, the ratio of dead versus 
active emitter in the unit cell increases and therefore the cell 
performance is more sensitive to the rear pad radius. Another 
alternative is to isolate the rear metal pad from the dead 
emitter. This is equivalent to the smallest rear pad in the 
simulation of Fig. 6. By reducing or isolating the rear metal 
pad the power loss can be reduced to below 2%rel in this worst 
case scenario. Combining this with the 6%rel increase due to 
the front metal optimization (Fig.5) an efficiency increase of 
up to 4%rel is expected for the 8×8 configuration with respect 
to the current 4×4 and in addition the front contact silver 
including plug and conductive adhesive cost reduction of 
50%. 

It is anticipated that a further benefit is achieved by 
reducing the dead emitter area. 

V. SUMMARY 

In this paper we present the successful integration of a 
silicon heterojunction (HJ) solar cell with metal wrap through 
architecture (MWT). MWT-HJ devices combine all the 
advantages of the individual concepts in a device with high 
open circuit voltage, high short circuit current and high 
module power thanks to reduced FF power loss and better 
temperature coefficient. The module technology would 
perfectly meet the low temperature requirements of HJ cells 

by implementing soldering-free MWT module technology 
which uses single-step curing for interconnection and 
encapsulation. Additionally, MWT and HJ cell technologies 
are compatible with next generation thinner wafers. 

In this contribution we demonstrated a device efficiency of 
20.3% achieved in commercial n-type Cz 6 inches wafers and 
a median efficiency of 20%. We prove the advantages and 
ease of the rear emitter structure to avoid shunt losses. To our 
knowledge this is the first MWT-HJ solar cell manufactured. 

The concept of MWT grid unit cells addresses the normally 
high Ag consumption of heterojunction cells. By decoupling 
the cell size from the metallization requirements, resistive 
power loss in the cell (as well as in the module) is reduced 
with less silver consumption than in conventional front-to-rear 
contact heterojunction solar cells. We propose a method to 
reduce up to 50% the cost of ownership of the total front 
contact silver including plug and conductive adhesive while 
predicting efficiency greater than 21% solely by the 
optimization of the front metal grid and MWT configuration. 
We anticipated that similarly Ag consumption on the rear side 
can also be reduced. This concept is also suitable for 
performance versus CoO optimization in a fully integrated cell 
and module concept. 

The advantage of this combined approach is that any 
developments in conventional hetero-junction and in 
conventional MWT technologies are directly and easily 
transferred to MWT-HJ solar cells. Thereby substantially 
higher efficiencies are within reach with limited process 
adaptations. 
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