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Introduction
On the one hand, there is the silicon heterojunction 
(SHJ) device, which is one of the most attractive 
technologies, combining high power and a simple 
fabrication process flow (Fig. 1(a)). Efficiencies 
greater than 25% on large-area devices have been 
demonstrated by several companies/institutes 
[1–3], including recent announcements from 
CEA-INES [4], proving that the transfer from 
lab-scale to high production volume is currently 

accelerating. However, SHJ has also recently faced 
new challenges, as the module integration scheme 
is progressively moving towards half-cell or even 
shingle interconnection. Indeed, as presented 
in previous publications [5,6], noticeably severe 
performance losses are observed when SHJ cells are 
cut, linked to the creation of an unpassivated edge. 
Several investigative studies on cut optimization 
or edge repassivation have been conducted, but, 
so far, most institutes/companies have reported 
final cell efficiencies lower than the initial full-cell 
performances [7,8].

On the other hand, there is the shingle 
interconnection scheme, which is quite an old 
concept (first patented in 1956 – see Fig. 1(b)), but 
currently regaining more and more interest, as it 
combines several advantages and appears to be 
particularly adaptable to new PV challenges. In 
fact, with the increased active area linked to the 
tile overlap, and the low electrical resistance of 
the assembled interconnection, very high-power 
densities are achievable [9]. Furthermore, because 
of the formed uninterrupted silicon array, and the 
absence of interconnection wires or ribbons, the 
global aesthetics are significantly improved, thus 
meeting the new demands and requirements for 
large-scale deployment in building and vehicle 
applications.

But what happens when SHJ and shingle concepts 
are combined? Certainly, the consequences of 
moving towards this new module design must be 
properly evaluated, not only in terms of module final 
performance but also in terms of long-term module 
stability and reliability. Such analysis has already 
been initiated by Gérenton et al. [10] for half-cell 
configurations, but even stricter constraints can 
become apparent when a shingle interconnection 
is considered. As shown in Harrison et al. [6], up to 
1%abs efficiency losses can be observed after cutting 
an SHJ cell in a thin shingle stripe configuration. 
These losses, however, are expected to be reduced 
after module integration, since no carriers will be 
generated next to one of the defective edges thanks 
to the shading created by the natural cell overlap 
that occurs in shingle integration. Furthermore, 
the need for ECA in shingle interconnection seems 
particularly well suited to an SHJ configuration, as 
the interactions of this type of conductive paste 
with ITO and low-temperature paste have already 
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been widely studied, especially for traditional ribbon 
attachment [11]. 

This paper will first introduce the specific 
constraints and achievements with regard to the 
SHJ shingle cell, before presenting the development 
work conducted using the CEA-INES production line. 
Finally, major interconnection and module results 
will be detailed, with in particular the fabrication of 
the first large-area device (equivalent to 72 cells), for 
which promising power and reliability results have 
already been demonstrated.

Shingle SHJ cells
The core process of the SHJ shingle cells remains 
unchanged, meaning that all texturization, 
cleaning and deposition steps are identical to 
standard production processes [12]. However, if the 
metallization step still relies on screen-printing for 

the paste transfer, it will need to be adjusted to the 
specific shingle configuration. Indeed, for shingle 
cells, the busbar is relegated to the edge of each tile; 
while this imposes an interrupted finger design, 
as described in Fig. 2, it also leads to very effective 
longer metal lines, twice the length they would 
otherwise be in a conventional centred six-busbar 
design.

As the metal paste conductivity is limited by the 
heterojunction temperature constraints, a double-print 
process is introduced for the front side [13], allowing 
a good compromise to be achieved between overall 
finger optical shading and high cell performance. On 
the back side, in contrast, a simple print process is 
retained, as the dense grid pattern used for standard 
cells is sufficient for limiting the parasitic resistance. 
The paste consumption increase, when compared 
with standard SHJ devices, remains thus limited, even 

Figure 1. (a) Schematic of the heterojunction cell device used. (b) Picture taken from a 1960 patent, already describing the shingle concept in use 
today. 

 (a) (b)

Figure 2. (a) Photo of a fabricated SHJ shingle cell, with a schematic of the specific busbar and interrupted finger design. (b) Optimization of SHJ 
shingle tile length, to reach a compromise between metal resistance and cut-edge impact.

 (a) (b)
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if further developments or alternative metallization 
schemes [14,15] might be beneficial to improve the 
competitiveness of such cells.

Small length tiles could therefore be interesting for 
SHJ, but to define the optimum tile length, it is also 
necessary to take into account the losses in efficiency 
after the cut. As will be described in the next section, 
the performance can be significantly degraded if tile 
dimensions that are too small are considered. Finally, 
a six-stripe configuration (26mm tile length, M2 
size wafers) appears to be the optimum choice for a 
satisfactory compromise between cut-edge impact 
and global metal resistance. Such a tile length is still 
fully compatible with industrial constraints, and 
suitable with regard to current stringer constraints. 
Finally, it is worth noting that the shingle cell design 
remains highly bifacial (>85%), and can still benefit 
from the power increase linked to illumination 
albedo, with this being taking into account, if 
possible, during the system installation.

Solar cell batches – compatibility with 
high-efficiency requirements
Shingle cells used in this study were all produced 

on the CEA-INES industrial ‘LabFab’ platform (Fig. 
3), as described in the previous section. Thousands 
of cells (>4,000 cells) were fabricated, with typical 
average efficiencies measured in the 22.6–22.8% range 
(Fig. 4(a)), illustrating the perfect compatibility of 
the adapted process to a standard production line. 
It is worth mentioning that, with simple process 
improvements and diminished throughput, record 
batches with up to 23.4% efficiencies were obtained, 
demonstrating the possibility of achieving very 
high efficiencies with this technology. The record 
cell was certified at 24.1% (full M2 size), although 
the production process included an additional 
technological step that was not fully compatible 
with current high-throughput constraints (Fig. 4(b)). 
This excellent result demonstrates, however, that 
there is potential margin for optimization, and that 
the SHJ shingle configuration is fully consistent with 
high-performance needs.

Cutting step impact
Cutting is the most critical process step for shingle 
heterojunction devices. Indeed, the high bulk quality, 
coupled with the absence of a strong internal field 
effect and the very high passivation levels reached 
for the SHJ architecture, leads to very high sensitivity 
of the structure to the edge defects generated during 
the cutting step [16,17]. Simulation studies even 
show that the edge defect impact can extend up 
to 3mm inside the bulk, thus greatly affecting the 
charge recombination and the final fill factor (FF) 
achievable [18]. In a half-cell configuration, up to 

Figure 3. CEA-INES heterojunction production line. All the shingle cells were manufactured on this industrial platform.

Figure 4. (a) Typical efficiencies obtained with SHJ shingle cells on the CEA-INES production line. (b) Record shingle cell certified @ 24.1%.

“A six-stripe configuration (26mm tile length, M2 
size wafers) appears to be the optimum choice for a 
satisfactory compromise between cut-edge impact 
and global metal resistance.”
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0.3%abs efficiency losses are generally measured after 
separation. For shingle tiles, the situation is even 
worse: because of the lower surface to perimeter ratio, 
and the creation of two defective edges, up to 1%abs 
losses can be observed on the final devices (Fig. 5).

Such a high level of edge defectiveness is 
thus clearly a critical limiting factor, and many 
development studies have been initiated in order 
to optimize and better understand how to limit the 
associated performance losses. For heterojunction 
devices, it is mandatory to limit as much as 
possible the parasitic heating that occurs during 
the separation process; for traditional laser-cutting 
approaches, this translates into only partial silicon 
ablation (typically, it is necessary to target a scribe 
length of one-third of the initial wafer thickness), 
followed by mechanical breakage. Several laser 
passes are considered for the ablation step to limit 
the heating. Despite the precautions taken, however, 
both active layers and silicon bulk volume show 
fairly significant morphology degradation around 
the newly created open edge [8]. Consequently, 
alternative cutting techniques have also been 
evaluated. It is worth mentioning in particular the 
thermal laser separation (TLS) approach [19,20], 
developed by the company 3DMicromac, as well 
as an innovative integration proposed by CEA and 
relying on 45°-rotated ingots [21]. The TLS concept 
relies essentially on thermal mismatch for the 
crack propagation, while the 45° ingot concept 
takes advantage of the natural privileged (110) 
crystalline fracture line that is thus now aligned 
with the desired cut lines, allowing a full mechanical 
separation process. 

Nevertheless, as shown in Fig. 6, the final 
efficiency losses all remain very similar, measured 
again in the 0.25–0.3%abs loss range. This highlights 

that if the cutting process (in particular the laser-
based scribing) is properly optimized, the damage 
inflicted upon the SHJ device remains limited, and 
the main losses observed are essentially linked to the 
extremely high impact of the generated unpassivated 
edges. This finding is particularly true for SHJ 
architectures, again because of the very high carrier 
lifetimes observed in such devices, but will probably 
apply to all alternative architectures, such as tunnel 
oxide passivated contact (TopCON) or poly-Si-based 
structures, whose passivation levels are also reaching 
very high levels. 

A comparison of the three cutting techniques 
shows clearly very different cut-edge morphologies, 
with very smooth surfaces obtained for both the TLS 
and the 45° ingot approaches. This morphological 
improvement is essential for two major reasons. 
First, the likely reduction in local micro-cracks will 
help to lower the overall breakage rate when module 
production is considered. Second, as mentioned 
previously, edge repassivation might be mandatory 
in order to mitigate the observed losses and recover 
performance; all research activities published so 
far, however, show that such processes are not 
compatible with laser-based scribing methods [6,7,22].

Cut-edge defectiveness: how to moderate 
its impact?
It would not be appropriate to go into too much 
detail in this overview, as much R&D activity is 
currently still ongoing, and the current assumptions 
and findings may rapidly change over the 

Figure 5. (a) Typical efficiency losses measured after cell separation for half-cell and shingle configurations. (b) The measurement set-up for an 
isolated shingle tile.

 (a) (b)

“The main losses observed are essentially linked 
to the extremely high impact of the generated 
unpassivated edges.”
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coming months with the expected technological 
improvements and the rapid emergence of innovative 
solutions. However, it would be useful to mention 
several activities that could lead, either separately 
or cumulatively, to a significant reduction in the 
observed apparent losses due to cutting. 

First, it is worth pointing out that, because 
of the specific shingle configuration, a natural 
cell-to-cell overlap occurs, meaning that one of 
the defective edges is shadowed by the adjacent 

integrated tile. This is important, since free carriers 
are therefore generated further away from the 
cut-edge, thus minimizing its true impact when 
integrated in the final module. This is illustrated 
by the I–V measurements shown in Fig. 7, in which 
an FF gain, for example, can be clearly seen when 
the masked edge length is progressively increased. 
However, this cell-to-cell overlap increase 
must remain limited when the final product is 
considered, as a compromise between performance 

Figure 6. (a) Comparison of different cutting techniques. If very similar performance losses are observed, the final cut-edge morphology shows a 
smooth appearance for the TLS and 45° ingot approaches. (b) Strong degradation of both active layers and silicon bulk around the laser trench is 
confirmed by local transmission electron microscopy (TEM) observations. 

 (a) (b)

Figure 7. Illustration of paths of improvement for minimizing the impact of edge defectiveness. (a) Improvement that happens naturally, thanks to 
the cell-to-cell overlap. Significant performance recovery can be realized with a moderate overlap of, for example, 1mm. (b) Additional process steps, 
dedicated to edge passivation might be necessary to further improve the module power. This graph shows that the local deposition of amorphous 
silicon allows a distinct recovery of lost performance (Y0 metric based on PL edge signal extraction; high values of Y0 represents high passivation 
values).

 (a) (b)
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recovery, final product power and overall cost 
might need to be found.

With regard to the edge passivation approach, 
many ideas are being tested [7,8,23,24], but no clear 
technological solution has emerged yet. The topic 
is indeed quite complex for SHJ, mainly because 
of the temperature constraints; the importance 
of hydrogenation and the need for very clean 
and smooth edge morphology both appear to be 
critical in order to reach locally the necessary high 
passivation levels to improve the performance of the 
cut cell. However, the initial results obtained, mostly 
with the deposition of appropriate layers on the cell 
edge (amorphous silicon, AlOx or SiNx, for example), 
demonstrate that promising improvement paths are 
certainly possible, even if only partial recovery has so 
far been achieved in internal investigations [6,25].

Alternative optimization paths (not mentioned 
in this article) can also be considered, with in situ 
passivation during the cutting step, the use of 
organics or polymers for the edge passivation, and 
an optimization of the cell integration process (for 
example, the use of low-resistivity wafers, or an 
optimization of TCO edge exclusion). In all cases, the 
implications of additional dedicated passivation steps 
must be properly assessed at the industrialization 
level, and the impact on both integration complexity 
and overall product cost needs to be evaluated in 
some detail.

Interconnection
A completely new interconnection scheme had 
to be developed for SHJ shingle purposes. ECA is 
already widely used for conventional ribbon-gluing 
interconnection, which is one of the most common 
interconnection approaches developed for standard 
SHJ modules. Thanks to the extensive know-how 
acquired when combining ECA with both metal paste 
and TCO, it was possible to define an adequate metal 
pattern for shingling in the interconnection area; 

the cell-to-cell adhesion is optimized, with sufficient 
contact area between ITO and ECA, while ensuring 
proper electrical continuity between the metal lines/
busbar in contact with the ECA [26]. To limit the 
ECA consumption, regular pads of ECA are deposited 
instead of continuous paste deposition. 

Interconnection development and string 
realization were a joint undertaking with the 
company Amat-Baccini, located near Treviso in 
Italy. All strings were fabricated on its dedicated 
BSC SONETTO industrial equipment (Fig. 8), which 
allows in succession:

1. Cell scribing and mechanical cleaving.
2. Deposition of the ECA on the Ag pads present on 

the busbars.
3. Alignment of the cut cells, or shingles, to form the 

string.
4. Attachment of the end ribbons to the string via 

ECA.
5.  Final curing process.

The fully automated equipment adopted for the 
test is based on:

•  A laser platform with a galvanometer scanner.
• A screen-printing system to deposit the ECA, with 

a typical printing speed of 200–300mm/s.
•  Linear motion units to handle the shingles with 

precision.
•  An integrated device to deposit and align the end 

ribbons to the string.
•  A continuous oven capable of performing the 

curing with a maximum process window of 200°C 
and 90 seconds.

The equipment was tested at 4,000 wph in a dual-
lane configuration.

It was then possible to rapidly assemble several 
small-dimension strings to validate the different 
technical choices made, and to optimize the overall 
process. This preliminary work allowed in particular 
to confirm the good compatibility of the ECA chosen 
with the metal design specifics, to optimize the 

Figure 8. BSC SONETTO stringer developed by Amat-Baccini, with additional images of the strings produced, as well as of the typical stripes obtained 
after the cutting of the cell. 

“A completely new interconnection scheme had to be 
developed for SHJ shingle purposes.”
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integration conditions (pressure, curing temperatures, 
etc.), and to build the first mini-module. This 
mini-module was submitted without delay to 
the usual ageing tests (thermal cycling – TC – in 
particular, which is the most critical for the shingle 
configuration). The TC tests revealed excellent 
reliability, with power losses less than 2% observed 
after up to 800 TC cycles (Fig. 9); this is an excellent 
result, confirming the perfect match between SHJ 
architecture and shingle interconnection [27]. 

Further experiments were subsequently 
conducted to further optimize the stringing. 
It was possible to validate that the developed 
process remains fully reliable with a significant 
reduction in ECA consumption, dropping from 
~20mg to ~12mg per cell (only 2mg per tile!), which 
represents almost a 50% material saving without 
power or reliability degradation.

Similarly, it was proposed to evaluate whether 
using thinner wafers, down to a thickness of 120µm 
(which is expected to soon become the norm), 
could affect the defined interconnection scheme. 
Again, very good output power values were achieved 
at the mini-module level (equivalent to a two-
cell configuration), with excellent reliability. The 
breakage rate remained unchanged, despite the 
thinner material used, and very limited process 
modifications were necessary – essentially during 
the final curing step to avoid excessive bowing of 
the wafers.

Examples, and details of the interconnection 
trials performed, are presented in Fig. 10, along with 
microscopic images of the interconnection pads and 
the ECA used. Following these promising initial sets 
of results, upscaling of the technology was initiated 
and the first large-area modules built, as described 
in the next section. It is worth noting that, even if 
the process developed is already very satisfactory, 
a margin for optimization may still be possible. 
Development work is currently under way to reduce 
the cell-to-cell overlap down to 0.5mm, or to increase 
the global throughput of the stringer tool, which 
could soon demonstrate that even better results 
might be achieved with SHJ shingle technology. 

Upscaling and large-size module 
integration
The promising results obtained for a mini-module 
configuration now needed to be successfully 
transferred to a long-string configuration. A 37-tile 
configuration was first chosen (string ~1m in 
length), with a cell-to-cell overlap of 1mm. This 
length of overlap appears to be a good compromise 
between active area silicon integration and ease 
of fabrication, as it allows a comfortable margin 
in the successive critical alignment steps needed 
for a proper shingle integration: 1) front and back 
metallization; 2) ECA with metallization; 3) laser 
cutting; 4) cell-to-cell automated placement. 
Furthermore, as illustrated in Fig. 7, it may not be so 
interesting to switch to more aggressive overlaps, 

since part of the power gain could be masked by 
the greater impact of the defective edge. However, 
experiments to study the impact of a tighter overlap 
(down to 0.5mm overlap) are already in progress, and 
preliminary results should be soon available.

Figure 9. Example of SHJ technology development undertaken at the mini-module level. 
Outstanding reliability was obtained, and no evidence of cell breakage or degradation was 
observed during the lamination step. 

Figure 10. One of the most promising paths of interconnection improvement is the possible 
reduction of ECA paste consumption. The top image shows a perfect alignment of the ECA 
with the metal pads used, and the total amount of ECA deposited can easily be reduced 
either during the printing step or by using a fewer number of metal pads. Excellent power 
and cell-to-module (CTM) ratio results are obtained (bottom images), even with a minimal 
usage of ECA (12mg for six tiles, equating to just 2mg per tile). The reliability also remains 
excellent (not shown here).

“The TC tests revealed excellent reliability, with 
power losses less than 2% observed after up to 800 
TC cycles.”
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Despite only 200 TC having been completed 
at the time of writing, the initial ageing 
tests conducted on this intermediate module 
configuration seem to confirm the excellent 
reliability of the technology, and the greater 
dimensions of the manufactured strings do not 
translate to increased fragility during manipulation 
or lamination [27]. As shown in Fig. 11, very similar 
output power and reliability results are again 
observed with thinner wafers (120µm thick), and 
the behaviour seen is very close to that of a mature 
alternative interconnection scheme, such as 
SmartWire Connection Technology (SWCT). 

Finally, the first large-area modules were 
fabricated (Fig. 12) with the interconnection scheme 
that had been extensively validated by the smaller 
module configuration [28]. In particular, a cell-to-cell 
overlap of 1mm was kept, and a total ECA amount of 
20mg per cell (six shingle tiles) deposited. Cells with 
an average efficiency of 22.7% (average production 
output) were integrated. Further experiments using 
record batches (average efficiencies of up to 23.4%), 
however, will be initiated soon, as a higher volume 
of production is still necessary for large-module 
considerations.

A standard glass dimension of 2,029×998mm2 
(equivalent to 72 cells, standard glass) was chosen, 
even though with this size, the filling of the module 
with the shingle tiles is still not optimum. The 
modules were assembled with 12 vertical strings, each 
integrating 39 SHJ shingle tiles. The first module was 
integrated with a semitransparent backsheet (85% 
transparency), with a focus on module performance, 
reliability and bifaciality. The second module was 
integrated with a black backsheet, where not only 
power but also global aesthetics are the priority.

Excellent module outputs were achieved, with 
up to 396W being measured on the module with a 
semitransparent backsheet. A module efficiency of 
21.6% was calculated when just the active area was 
considered, as the glass size used was not perfectly 
adapted to the string length produced. However, 
with a CTM ratio of 94% (including the cell-cutting 
losses), and a global bifaciality ratio of 86%, the high 
potential of combining SHJ and shingle has already 
been demonstrated. (Although 86% is a satisfactory, 
considering the semitransparent backsheet, this 
value will be improved with the use of a glass–glass 
module configuration). A significant increase in 
module power output is nevertheless still expected, 
thanks to a combination of higher cell efficiencies 
and further optimizations of module integration. 

Module optimization: what’s next?
Many optimization paths can still be explored for the 
developed SHJ shingle technology, and even more 
competitive module powers and costs are probably 
achievable with limited process adjustment. The edge 
passivation trials have already been mentioned, but 
there is also a potential margin for optimization in 
the metal-interconnection scheme itself.

The simulation tool CTMOD, developed at CEA 
[29], was used to further examine if an alternative 
cell metallization compromise was possible, and if 
a better compromise between silver consumption 
and performance could be defined. The simulations 
carried out for a 78-cell-equivalent shingle module 
(M2 cells cut into six pieces) show, for instance, 
the impact of the front and the rear metal grid 
pitch. Finger width is fixed at 70µm, as measured 
experimentally on standard shingle cells. Regarding 
the front grid, the optimum pitch was found to be 
around 1.8mm, even though module performance 
does not vary very much in the 1.5 to 2.1mm pitch 

Figure 11. Successful upscaling of SHJ shingle technology. Shingle strings ~1m long 
were successfully assembled, yielding excellent initial reliability results (200 TC cycles 
achieved so far). 

Figure 12. The two fabricated large-area SHJ shingle modules. Close to 400W was measured 
for the best module, demonstrating the high potential of SHJ shingle technology.

“Excellent module outputs were achieved, with 
up to 396W being measured on the module with a 
semitransparent backsheet.”
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range (∆Pmax < 1.5W). In contrast, modification of the 
rear grid pitch has a tremendous impact: reducing the 
pitch from 0.7mm to 0.35mm, for example, allows a 
power increase of about 5W, but at the cost of double 
the total silver consumption for the back side (Fig. 13).

Another important topic is the optimization of 
the cell-to-cell overlap. As mentioned previously, 
a conservative overlap of 1mm was retained for 
the shingle experiments presented in this paper. 
However, moving towards a 0.5mm overlap would 
allow an important gain in power (almost 10W 
for a 72-cell-equivalent module, equating to a 2% 
power increase). But, at the same time, because of 
this smaller overlap, each constructed string would 
end up being longer (~19mm longer strings for the 
72-cell-equivalent module considered). The longer 
string dimension would require an increased module 
size, ultimately leading to a reduction in the final 
efficiency obtained for such a module configuration 
(Fig. 14). There are thus different possible 
compromises possible when the final module 
configuration is defined, depending on the main 
driver that needs to be maximized (Pmpp or efficiency) 
for the module application.

Finally, the upscaling of the technology towards 
long strings or large-area modules was already 
discussed in the previous section, but what about 
the upscaling of the wafer size, which is happening 
today in the PV market? The number of stripes per 
cell is undoubtedly a compromise between edge-
cutting losses and resistive losses linked to the cell 
metallization. By moving to M12 wafer size, the fact 
that more cuts are necessary to achieve an optimum 
module power becomes all the more obvious. The 
CTMOD simulations did indeed predict that for an 
M12 cell module, each cell should be cut into seven 
pieces, for a final width of~30mm for each sub-cell 
(Fig. 15). If this would be beneficial in decreasing 
the relative impact of the edge-losses, solutions to 
improve the metal line resistance would nevertheless 
still be required.

Conclusion and perspectives
This paper has provided an overview of the different 
opportunities, but also the challenges, associated 
with the integration of SHJ technology in a shingle 
configuration. Indeed, despite many shingle modules 
being already commercially available, to the authors’ 
knowledge they mostly integrate standard technology, 
such as PERC devices. Although SHJ technology is 
naturally well suited to the shingle interconnection, 
with excellent results having been obtained at both 
the cell and the module level, optimization is still 
necessary in order to take full advantage of the very 
high efficiencies brought about by the use of SHJ.

The performance loss after the cutting step 
remains high, but several technical solutions for loss 
recovery are currently under development at the 
laboratory level. Similarly, metal paste consumption 
is higher because of the greater length of the metal 
lines due to the relegated busbar configuration. An 

alternative metallization solution might need to be 
considered (for example plating), even if the impact 
on final cell cost of ownership (CoO) remains limited 
(Fig. 16). Nevertheless, with a record cell certified 
at 24.1%, and modules fabricated with power values 
close to 400W, the high potential of SHJ shingle 
technology has been demonstrated. With further 

Figure 13. Simulated impact of the front and back cell metal pitch on final SHJ module 
output power. As shown, a greater margin for optimization (compromise between silver 
consumption – cost – and module power) can be achieved with a reduction of the back-side 
metal pitch.

Figure 14. Simulated SHJ shingle module power and efficiency for different cell-to-cell 
overlaps. Higher power can be obtained with a smaller overlap, but because of the increased 
final string length, the module dimension needs to be adjusted, ultimately resulting in 
lower module efficiencies. 

Figure 15. Optimization of SHJ shingle width for M12 wafer size.
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optimizations and the integration of the fabricated 
record cell batches, even higher module powers will 
soon be achieved, paving the way for larger scale 
exploitation.
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