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Abstract

This work shows the first demonstration of thermal laser separation (TLS) and post-

metallization passivated edge technology (PET) applied to tunnel-oxide passivated

contact (TOPCon) shingle solar cells. The shingle solar cells with

26.46 mm � 158.75 mm size are separated from industrial full-square TOPCon host

solar cells. The singulation is performed either by TLS from the front side (emitter

side) or by conventional laser scribe and mechanical cleaving (LSMC) from the rear

side (emitter-free side). The TLS optimized in this work yields up to 0.2%abs more effi-

cient shingle cells after separation in comparison with LSMC-separated shingle cells.

The most promising PET sequence identified for the singulated TOPCon cells con-

sists of depositing an 8-nm-thin aluminum oxide layer by thermal atomic layer depo-

sition at a temperature below 200�C in conjunction with subsequent hotplate

annealing at 250�C. Application of the PET yields a boost of up to 0.5%abs in energy

conversion efficiency for edge-passivated TOPCon shingle cells in comparison with

their performance directly after separation. This efficiency-increasing impact of the

PET sequence is found not to be strongly dependent on the separation process

applied. The most efficient TOPCon shingle cell after PET achieves an efficiency of

22.0% and has been singulated by TLS.
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1 | INTRODUCTION

Cutting large-area solar cells in at least two sub-cells is nowadays very

common in the solar cell industry.1,2 Separated cells result in lower

current per cell and a quicker increase of module voltage in series

interconnection. In addition to the approach of cutting a large cell

into, for example, two or three sub-cells, there is also the approach of

singulating even more sub-cells, also known as shingle solar cells.3,4

Research activities on shingle solar cells were and are being carried

out for various solar cell types as for, for example, passivated emitter

and rear cells (PERC),4–8 silicon heterojunction (SHJ) cells,9–13 or

tunnel-oxide passivated contact (TOPCon) cells.13 SHJ and TOPCon

solar cells implement passivating contacts, resulting in increased volt-

ages and higher efficiencies compared with PERC, which is still the
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standard in industry today.14 The amorphous silicon-based SHJ solar

cells are usually processed at temperatures of up to around 200�C to

maintain their advantages,15,16 whereas the polycrystalline silicon-

based contacts of TOPCon solar cells can withstand similar high-

temperature processing as for PERC solar cells. This makes them com-

patible with existing mass fabrication and of high interest in research

and industry.

Surface recombination in solar cells reduces the number of

excited charge carriers on all surfaces (leading to power loss) but is

more pronounced at newly created, that is, unpassivated, edge sur-

faces of cut solar cells. As the perimeter-to-area ratio increases with

decreasing sub-cell size, edge recombination becomes more and more

important the smaller the cells get.17,18 The impact of edge recombi-

nation becomes even more significant with cells of higher efficiency

potential. Although edge recombination is also present in today's half-

or third-cells, it is of extraordinary importance for shingle cells. Thus,

for fabrication of highly efficient shingle cells/modules, the challenge

consists in minimizing edge recombination:

i. The cutting of the cells should be performed with low-damage

technologies. The reference separation technology is a conven-

tional laser scribe and mechanical cleaving (LSMC) process. To

create the breaking point for LSMC, a laser is used to form a con-

tinuous scribe (i.e., laser ablation) over the entire length of the sil-

icon cell at the desired positions. This scribe then enables the

mechanical cleave into sub-cells. In contrast to LSMC, thermal

laser separation (TLS)19 needs only a very short initial laser scribe

to create a starting crack that can then be propagated through

the wafer in any direction by a cleave laser combined with a

water–air aerosol jet. This results in cuts with very smooth edge

surfaces. Several publications have shown application of TLS on

PERC7,20–22 or SHJ10,21,23 devices. Although it is also applicable

to TOPCon solar cells, the authors are not aware of any publica-

tion on this.

ii. The charge carrier recombination at the newly created edge sur-

faces should be minimized. This can be achieved by, for example,

edge passivation.17,24,25 After successful experimental proof of

an approach for edge passivation and modeling of the respective

potential,18 Fraunhofer ISE filed a patent application in 2018. In

2019, Fraunhofer ISE introduced the post-metallization passiv-

ated edge technology (PET) and demonstrated edge passivation

on PERC shingle cells.7,26 The PET consists of the deposition of a

passivation layer after cell separation, for example, an aluminum

oxide (Al2O3) layer—which is known for excellent passivation

quality27—with subsequent activation of the same by means of

elevated temperature exposure, also referred to as annealing.

The temperatures for both processes can be kept at or below

250�C and thus make the PET concept also very attractive for

SHJ and TOPCon cells. For SHJ, the PET has been also demon-

strated on half-cut cells,23 and the concept of the PET approach

was taken up by INES in 202010 and demonstrated on SHJ shin-

gle cells.10–12,28

To the authors' knowledge, the application of the PET has so far not

been examined for TOPCon shingle cells in already published work.

Hence, this paper demonstrates its applicability in conjunction with

TLS for TOPCon cell cutting.

2 | APPROACH AND EXPERIMENT

This study aims to develop improved processes for cell separation and

edge passivation that can be applied for fabricating high-quality

TOPCon shingle solar cells. Conventional LSMC serves as a reference

process for cutting silicon cells. We compare this reference process

with TLS and optimize the latter for the TOPCon cell architecture.

TLS is performed with a “microDICE” tool made by 3D-Micromac.29

We then proceed to optimize edge passivation for TOPCon shingle

solar cells. Finally, the optimized PET sequence is examined on shingle

solar cells that have been separated either by LSMC or by TLS.

2.1 | TOPCon host solar cells

The experiment is performed using industrial TOPCon host solar cells.

The devices, shown in Figure 1, have front-side boron emitters and

are metalized with a six-shingle, bifacial screen-printing design. The

host cell has a 158.75-mm edge length (full-square, 223 mm diagonal),

F IGURE 1 Photographs of a tunnel-oxide
passivated contact (TOPCon) host cell taken from
(left) front side and (right) rear side. The host cell
contains six shingle cells marked by the letters a
to f with one busbar contact on each cell side.
After separation, each shingle cell has a cell size of
26.46 mm � 158.75 mm.
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and each shingle solar cell has a final width of 26.46 mm. The continu-

ous front and rear side busbars feature a width of 0.5 and 1 mm,

respectively.

2.2 | Experiment plan

The experiment plan is schematically illustrated in Figure 2. It contains

three sub-experiments denoted as experiments A to C:

• Experiment A targets the optimization of the TLS process

for low-damage cutting of the TOPCon host cells into shingle

cells.

• Experiment B targets the optimization of the thermal atomic layer

deposition (ALD) of Al2O3 for edge passivation.

• Experiment C compares LSMC and TLS as separation techniques

applying the findings from experiments A and B.

All TOPCon host cells were selected from the same efficiency bin

from one production run. Current–voltage (I–V) measurements are

performed in an automated cell tester using a monofacial setup on

black foil and GridTouch30 contacting. Thirty wires are utilized on

each side (front and rear) aligned perpendicular to the busbars and

thus parallel to the finger contacts. Some of the host cells are also

characterized via SunsVOC measurements.

All shingle cells are measured on the same automated cell tester

as has been used for the host cell measurements. The I–V measure-

ments are also performed in a monofacial setup, that is, without rear

side illumination according to the bifacial cells standard IEC TS

60904-1-2:2019-01. Unlike the GridTouch contacting scheme used

for the host cells, shingle cells are contacted along the busbars on the

front and rear sides with pin contact bars. An additional bar is used on

both the front and rear on the non-busbar edge for mechanical fixa-

tion (i.e., no electrical contacting).

2.2.1 | Experiment A: TLS optimization

The starting point for optimizing the TLS process is the process previ-

ously used at Fraunhofer ISE for completely internally fabricated

TOPCon shingle solar cells. Based on previous experience, it is a good

idea to optimize the TLS process with regard to the host cells actually

used. This optimization is performed in three steps:

(A-I) Optimization of the cleave step to minimize/prevent surface

damage close to the dividing line.Therefore, different cleave

processes are applied either on the front side (emitter side) or

on the rear side (emitter-free side) of host cells without initial

scribes (i.e., the samples are not cut). This allows an assess-

ment of the cleave step using photoluminescence (PL) imaging

as described in Baliozian et al.21: Signal drops in the PL inten-

sity after the cleave process indicate a detrimental impact on

the surface passivation quality.

(A-II) Ensuring that the optimized cleave process from (A-I) allows

the separation of the host cells when the initial scribe is

performed.

(A-III) I–V measurements of shingle solar cells cut either from the

front or the rear side by the optimized TLS process resulting

from (A-I) and (A-II).

2.2.2 | Experiment B: ALD optimization Al2O3 layer

For the optimization of the thermal ALD of Al2O3 on shingle cells, the

optimized TLS process from Section 2.2.1 is applied from the front

side. The ALD process is performed in a “FlexAl” system from Oxford

Instruments using trimethylaluminum and water vapor as precursors.

The size of the process chamber allows to process up to 48 shingle

cells in one run, where the shingle cells are stacked in four stacks of

12 cells each. Each stack is covered with one dummy shingle cell and

F IGURE 2 Schematic process sequence of the three experiments A, B, and C regarding cell separation and edge passivation for tunnel-oxide
passivated contact (TOPCon) shingle solar cells.
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a 1-mm-thick piece of glass for weighing down the shingle cell stack

so that the cells lie close on top of each other.

Four different ALD processes are examined: all combinations of

two Al2O3 layer thicknesses of about 8 nm (74 cycles) and about

14 nm (130 cycles) and two different deposition temperatures

T1 < T2, both below 200�C. These deposition temperatures are com-

patible with the subsequent annealing step performed on a hotplate

at a temperature of 250�C. In addition to these four variations, a fifth

variation omits the ALD Al2O3 layer deposition and tests the impact

of the annealing process alone on the shingle cell properties.

2.2.3 | Experiment C: Comparison of separation
techniques

For the first two groups C1 and C2, two different LSMC processes are

trialed with laser scribing on the rear side to cut each host cell into six

shingle cells. For group C1, the laser scribe has been applied without

cleaving the samples prior to I–V testing. This means that the host

cells are still in one piece during I–V testing but feature five continu-

ous laser scribes on the rear side. For group C3, the optimized TLS

process from Section 2.2.1 is applied from the front side to cut each

host cell into the six shingle cells.

After the singulation, the I–V measurements of the shingle cells

are performed. SunsVOC measurements are also performed for shingle

cells for which the host cell has also been measured by SunsVOC. To

compare the SunsVOC results one to one between the host cell and

the shingle cell state, the shingle cells are measured with the same

contacting scheme at the same location on the SunsVOC chuck as

applied for the host cell.7

Based on the results from Section 2.2.2, the most promising PET

process sequence is applied for edge passivation of the TOPCon shin-

gle cells.

3 | RESULTS AND DISCUSSION

3.1 | Experiment A: TLS optimization

The TOPCon host cells are only exposed to the cleave step within the

TLS sequence either on the front or the rear side without initial laser

scribing. With the host cells still in one piece, potential damage of

their surface passivation due to the cleave process can be quantified

and minimized.

Exemplary PL images before and after laser cleaving with two dif-

ferent laser powers are shown in Figure 3. The PL images before the

cleave step show a bright area between the shingle cells a and b as

there are no busbar contacts present on the front side. After perform-

ing the cleave process with higher laser power, this area between a

and b is no longer bright but dark. This indicates a degradation of the

passivation quality in the area where the spatially extended laser

beam of the cleave step interacts with the surface passivation. In con-

trast, for the lower laser power, the PL images before and after laser

cleave are identical. Thus, the PL intensity is not lowered by the

cleave step meaning that the surface passivation quality is not

impacted.

By applying the initial scribe on further host cells, a successful

mechanical separation into shingle cells results for all variations of the

cleave process that have been carried out. It is found that the separa-

tion from the front side is very robust in comparison with that from

the rear side. The I–V measurements of the shingle cells that are TLS-

separated with the optimized laser cleave from the front and rear side

(not shown) reveal that the separation from the front side results in

almost the same cell performance even though the separation is per-

formed on the side with the emitter present.

In summary, it turns out that an optimized laser cleave process

allows the TLS of TOPCon host cells into TOPCon shingle cells with-

out decreasing the surface passivation quality in the vicinity of the

cutting channel. In other words, losses observed after TLS can be

attributed to edge recombination of the newly created edge surfaces

and not to detrimental impact of the TLS process itself.

3.2 | Experiment B: ALD optimization Al2O3 layer

The used TOPCon host cells have a mean conversion efficiency

ηmean = (21.84 ± 0.05)%. I–V data for the TOPCon host and shingle

cells are shown in Figure 4A,B, respectively, grouped by the ALD

Al2O3 passivation treatment.

Cutting the host cells by TLS into shingle cells leads to losses in

open-circuit voltage VOC of ΔVOC = �4 mV and in pseudo fill factor

pFF of ΔpFF = �1.2%abs (on average for all five groups). A clear

improvement is then seen in Figure 4B for the first four groups after

deposition of the ALD Al2O3 layer (blue vs. orange, on average):

F IGURE 3 Cutouts from photoluminescence
(PL) images of a lower part of the host cells (see
Figure 1) taken before and after the cleave
process on the front side with higher and lower
laser power. The cleave process has been applied
for all five dividing lines. The results of this test
are easiest to see between the two shingle cells a
and b (region marked with dashed lines) because
of the lack of front side busbar contacts.
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ΔVOC = +2 mV and ΔpFF = +1.1%abs. The subsequent annealing

step further improves the cell parameters for three of the four groups

(not for the first group “T1,8”) and yields ΔVOC = +3 mV and ΔpFF =

+1.3%abs compared with the values measured after TLS (green

vs. orange). The ALD process “T2,8” shows the largest mean gains

after annealing (Δη = +0.5%abs, ΔVOC = +3 mV, and ΔpFF =

+1.5%abs) and thus has been chosen to be applied for edge passiv-

ation within experiment C. The metal contacts of the shingle cells are

hardly affected by the applied thermal budgets from the ALD of

Al2O3 and the annealing step, as the cell series resistances RS are quite

stable (not shown).

The evolution of some cell parameters in the different processing

states of the most efficient TOPCon shingle cell—with an efficiency

η = 22.0% after annealing—are summarized in Table 1 in relation to

the data for its host cell. This shingle cell has been processed with the

“T2,8” ALD Al2O3 passivation recipe, and it was located within the

host cell at position c. This means that this shingle cell features two

cut edge surfaces.

It seems that cutting the host cells into shingle cells and apply-

ing the PET enables to even achieve larger pFF values for the

edge-passivated shingle cells than for the host cells. One potential

explanation for this observation can be that, in addition to the

newly applied surface passivation on the cut edges, the already

existing surface passivation in the cell area is also improved by the

PET process steps. As is seen for the fifth group “Anneal” in

Figure 4B, which has only been annealed (i.e., no Al2O3 layer

deposition), this temperature treatment itself leads to a quite

remarkable improvement in the cell properties with Δη = +0.2%abs,

ΔVOC = +1 mV, and ΔpFF = +0.4%abs. Apart from natively grown

silicon dioxide on the cut edge surfaces, further silicon dioxide

could grow during the hotplate anneal leading to some edge pas-

sivation. On the other hand, Al2O3 layers are well known for hav-

ing a high hydrogen content.31 Hydrogen, on the other hand, is

known to play an important role in the passivation of silicon sur-

faces.32 Our current hypothesis for explaining the partly larger pFF

values in the shingle cell state compared with those in the host

cell state is that the PET sequence slightly improves the surface

passivation of the host cells. Further work (e.g., host cell I–V test-

ing after ALD of Al2O3 or after annealing) would need to be per-

formed to test this hypothesis.

Nevertheless, ALD of Al2O3 and annealing has an irrefutable

strong positive effect on the shingle cell properties. This makes the

PET sequence very promising for highly efficient TOPCon shingle

solar cells with passivated edges.

F IGURE 4 I–V data from experiment B for the tunnel-oxide passivated contact (TOPCon) (A) host cells and (B) shingle cells, expressed as an
absolute offset from the mean of the respective reference group stated. The designation of the first four groups consists of the deposition
temperature used and the Al2O3 layer thickness in nm. Group “T1,8,” for example, was passivated with deposition temperature T1 and an Al2O3

layer thickness of 8 nm. The small number next to the data points gives the total number of samples per group.

TABLE 1 I–V data for the most efficient TOPCon shingle cell from position c (see Figure 1) in different processing states, expressed in each
case as an absolute offset from its host cell I–V data.

Cell type State Δη (%) ΔVOC (mV) ΔpFF (%)

Shingle (1) After TLS �0.6 �4 �1.2

(2) After Al2O3 (“T2,8”) �0.1 �2 +0.2

(3) After annealing +0.1 �1 +0.5

Note: The efficiency of the host cell is η = 21.9%, and the efficiency of the shingle cell after annealing is η = 22.0%.

Abbreviation: TLS, thermal laser separation.

LOHMÜLLER ET AL. 733
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For a selection of shingle cells from the first four groups, also sev-

eral SunsVOC measurements are performed to examine the stability of

the improvement due to the applied PET sequence over time; see

Figure 5. In between the SunsVOC measurements, these shingle cells

have been stored in ambient condition in the dark. The VOC varies less

than 1 mV in the mean values for all four groups and test times and

thus can be considered stable within the measurement accuracy. For

the pFF values, a trend toward slightly decreasing values is seen over

time. Although the shingle cells with the Al2O3 ALD process “T1,8”
show a mean pFF loss of �0.3%abs after 11 months, process “T2,8”—
which has been chosen for experiment C—results in a mean pFF

decrease of less than �0.1%abs during the same period. For the pro-

cesses “T1,14” and “T2,14,” the mean pFF decrease accounts to

�0.1%abs and �0.2%abs, respectively. Thus, the ALD process for form-

ing the Al2O3 passivation layer influences not only the absolute per-

formance of the shingle cells but also their long-term stability. Process

“T2,8” yields extremely promising PET long-term stability data.

3.3 | Experiment C: Comparison of separation
techniques

As in the previous section, the I–V data for the TOPCon host and

shingle cells are again shown relative to the specified reference

groups in Figure 6A,B, respectively. The shingle cells in groups C1 and

C2 have been separated by two different LSMC processes from the

rear side. The shingle cells in group C3 have been separated from the

front side using the previously optimized TLS sequence. The used

TOPCon host cells in group C3 have ηmean = (22.0 ± 0.05)%. As the

laser scribes for the host cells from group C1 have been performed

prior to cell testing, the I–V data already include the associated scribe

losses. Furthermore, the data for the shingle cells singulated by the

different separation approaches (see Figure 2) are split for each group

according to their number of new edges: The “outer” shingle cells at

positions a and f within the host cell (see Figure 1) have one new edge

surface, and the “inner” shingle cells at positions b to e have two new

F IGURE 5 SunsVOC data at
various times after passivated edge
technology (PET) for six tunnel-oxide
passivated contact (TOPCon) shingle
cells from each of the four different
groups in experiment B (each cell has
been measured two times at two
certain positions). The data are shown
as an absolute offset from the mean
of each reference group “After PET.”

F IGURE 6 I–V data from experiment C for the tunnel-oxide passivated contact (TOPCon) (A) host cells and (B) shingle cells, expressed as an
absolute offset from the mean of the respective reference group stated. For the host cells in group C1, the laser scribes have been already
performed prior to cell testing. The labeling of the x-axis for the shingle cells consists of the group CX (X = {1,2,3}) and the number of new edges
(1 or 2).
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edge surfaces. As already found in the previous section, the metal

contacts of the shingle cells are hardly affected by the applied thermal

budgets from the Al2O3 layer deposition and the annealing step as the

series resistances RS are quite stable (not shown).

Cutting the host cells into shingle cells leads to lower initial losses

for the outer shingle cells with only one new edge surface (CX,1) com-

pared with the inner shingle cells with two new edge surfaces (CX,2).

On average over the three groups C1 to C3, the larger performance

drop for the inner shingle cells after separation is Δη = �0.2%abs,

ΔVOC = �2 mV, and ΔpFF = �0.9%abs.

The LSMC process in group C1 leads to comparable efficient shin-

gle cells as the LSMC process in group C2. On the other hand, the TLS

process in group C3 is superior to both and yields more efficient shin-

gle cells after separation by, in mean, Δη = +0.15%abs (one new edge)

and Δη = +0.2%abs (two new edges). The advantage of the TLS can

be explained by the microscope images of the newly created edge sur-

faces in Figure 7. The TLS for group C3 leads to a very smooth surface

across the entire cell thickness, whereas the LSMC process in group

C2 shows a scribe depth with a very rough surface of about half of

the cell thickness. On the other hand, the LSMC process for group C1

features a scribe depth of only around a third of the cell thickness.

After PET, a clear improvement is seen for all groups in Figure 6.

Table 2 summarizes the respective mean gains for all shingle cells

after PET compared with their data after separation. It is seen that the

shingle cells with two new edge surfaces improve more by the PET in

comparison with the shingle cells with just one new edge surface. This

is a remarkable demonstration of the benefit provided by the PET.

The shingle cells in group C1, separated by LSMC, benefit the most

from the PET (Δη = +0.5%abs for “C1,2”) followed by group C3, singu-

lated by TLS (Δη = +0.4%abs for “C3,2”). But also, for the LSMC

separation in group C2, there is a clear improvement by the PET

despite the partly very rough edge surface. The positive impact of the

PET approach is therefore not limited to a certain separation process,

as it shows a clearly efficiency-increasing effect in all cases.

It is remarkable that the PET leads to the fact that the I–V data

difference in Figure 6B between the outer and inner shingle cells

decreases in comparison with their larger difference directly after sep-

aration. The results suggest that the smoother the edge surface is, the

lower is the difference between the outer and inner shingle cells after

edge passivation by the PET approach: For C3 and TLS (smoothest

edge surface), the smallest I–V data difference is seen, whereas for C2

and LSMC (roughest edge surface), the largest I–V data difference

is seen.

The combination of TLS and PET in group C3 yields the most effi-

cient TOPCon shingle cells among the separation procedures exam-

ined. Applying TLS before PET allows for about 0.2%abs more efficient

TOPCon shingle cells. The respective most efficient outer and inner

shingle cells achieve η = 21.92% and η = 21.88%, respectively. Both

originate from the same host cell that has been initially tested to

η = 22.08%.

4 | SUMMARY AND CONCLUSION

This work demonstrates the fabrication of TOPCon shingle solar cells

with low cutting-induced losses. The TOPCon shingle solar cells with

a cell size of 26.46 mm � 158.75 mm are separated from full-square

TOPCon host cells either by conventional LSMC from the rear side or

by TLS from the front side with the boron emitter present. It is found

that the TLS process optimized in this work yields up to 0.2%abs more

F IGURE 7 Light-microscope images of the
edge surface after separation for the three
investigated separation approaches. For groups C1

and C2, the scribe process has been performed
from the rear side.

TABLE 2 Absolute mean improvements for the tunnel-oxide passivated contact (TOPCon) shingle cells by the passivated edge technology
(PET) compared with their data directly after separation.

Group Number new edges Δη (%abs) ΔVOC (mV) ΔpFF (%abs)

C1 1 0.31 1.6 1.0

2 0.48 2.4 1.5

C2 1 0.26 1.2 0.8

2 0.37 1.4 1.2

C3 1 0.28 1.3 0.8

2 0.42 2.3 1.3
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efficient shingle cells directly after separation in comparison with

shingle cells that have been singulated by LSMC. It is shown that TLS

can be performed such that no degradation of the surface passivation

quality occurs in the vicinity to the dividing line. And thus, the

increased surface recombination after TLS can be assigned solely to

the newly created edge surfaces.

Likewise, it is demonstrated for the first time that the PET is also

compatible with TOPCon shingle solar cell technology. In this work,

the most efficient PET sequence consists of depositing an 8-nm-thin

aluminum oxide (Al2O3) layer by thermal ALD at a temperature below

200�C in conjunction with subsequent hotplate annealing at 250�C.

Stability measurements over a period of 11 months have shown a

very stable passivation quality. Depending on the position the shingle

cells were located within the host cell, the PET leads to improvements

of varying magnitude. For “outer” shingle cells, that is, shingle cells

that have been located far left or far right in the host cell, only one

new edge surface is created during separation and an efficiency gain

by PET of almost 0.3%abs is observed independent whether LSMC or

TLS has been applied. For “inner” shingle cells that feature two new

edge surfaces after separation, the gain by PET is larger and accounts

to slightly more than 0.4%abs for LSMC and TLS. The positive and

efficiency-increasing impact of the PET sequence is found to be not

limited to a certain separation process applied.

The combination of TLS and PET reveals the most efficient

TOPCon shingle cells within this work with an energy conversion effi-

ciency of 22.0% for an inner shingle cell with two new and passivated

edge surfaces. In comparison with LSMC-separated shingle cells after

PET, the TLS technique yields about 0.2%abs more efficient shingle

cells.

The investigations also reveal that both inner and outer shingle

cells, which are separated by TLS and edge passivated by PET, achieve

very similar efficiencies. This result is very valuable for subsequent

string and module fabrication. It might allow that the shingle cells do

not have to be sorted depending on their original position within the

host cell, which would have a profitable effect on effort and costs.
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