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ABSTRACT:

This work presents recent progress in research on multicrystalline silicon solar cells based on the HIP-MWT
concept, a simplified structure for high-performance metal wrap through cells with rear surface passivation. With
the simplified approach, no structured rear emitter is required as the rear dielectric acts as an insulating layer to
isolate the n-type contacts from the p-type base. The fabricated large-area HIP-MWT solar cells with Al,O; rear
surface passivation and screen-printed contacts show conversion efficiencies of up to 18.2 % (confirmed) and
clearly outperform both H-pattern PERC and MWT-BSF reference cells in terms of efficiency. The reverse bias
behaviour of the cells is investigated using dark lock-in thermography and reverse current-voltage data.
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1 INTRODUCTION

The interest in metal wrap through (MWT)
technology [1] increased strongly over the past years. The
MWT approach improves the short circuit current of the
cells and allows for novel module concepts [2]. A way to
further increase cell efficiency is the integration of a
passivated rear surface resulting in an MWT-PERC
structure (metal wrap through passivated emitter and rear
cell) [3,4]. With regard to conversion efficiency, this
combined structure shows a remarkable potential. In
recent experiments conversion efficiencies exceeding
20 % have been demonstrated for large area Cz-Si MWT-
PERC-type cells [5]. However, process complexity
increases due to several additional features. The HIP-
MWT approach (high-performance metal wrap through)
[6] addresses this issue by replacing the emitter beneath
the rear n-type metallization by a dielectric insulating
layer as shown in Figure 1. This permits the application
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Figure 1: Comparison of the non-simplified MWT-
PERC structure and the simplified HIP-MWT structure.
The HIP-MWT structure does not feature an emitter
underneath the rear n-type contact (dashed oval). Instead,
the rear passivation layer stack synergistically provides
insulation between n-type contact and p-type base.

of a full area diffusion barrier on the rear side and thus
reduces the effort for the integration of the MWT concept
into typical process sequences for PERC-type cells to a
minimum. This allows for much easier and more
economical industrial processing compared to previous
MWT-PERC approaches.

Within this work mc-Si MWT cells with aluminium
back surface field (MWT-BSF), conventional passivated
emitter and rear cells (PERC) with H-pattern front grid,
non-simplified MWT-PERC-type cells and HIP-MWT
cells are fabricated. This allows for a rating of the
different approaches and a direct comparison of the HIP-
MWT concept to the non-simplified MWT-PERC
structure.

2 APPROACH

All process steps are carried out in the pilot line PV-
TEC [7]. Figure 2 displays the process sequence for the
fabrication of the presented HIP-MWT solar cells.
200 um thick multicrystalline silicon wafers with an edge
length of 156 mm and a base resistivity of ~2 Qcm are
textured in an acidic inline texturing system. Rear side
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Figure 2: Process sequence for the fabrication of the
presented mc-Si HIP-MWT solar cells. Laser drilling of
vias (dashed border) forms the only additional process
step compared to a typical PERC-type process sequence.



Presented at the 26th European PV Solar Energy Conference and Exhibition, 5-9 September 2011, Hamburg, Germany

polishing enhances light trapping and passivation quality
in the finished cell. A SiO, diffusion barrier deposited by
plasma enhanced chemical vapour deposition (PECVD)
prevents emitter formation on the rear side. With an
adapted pre-cleaning step prior to diffusion, laser drilling
of the vias is the only additional process step needed for
the integration of the MWT concept compared to a
typical process sequence for H-pattern PERC-type cells.
We use plasma enhanced chemical vapour deposition for
the formation of the Al,O;-based rear side passivation
stack and the SiN, anti-reflective coating. The deposited
rear dielectric ensures proper insulation between external
n-type contact and p-type base (see Figure 1) and
supersedes emitter formation on the rear surface.
Therefore no structuring steps for the rear diffusion
barrier are necessary. Screen printing of the metal
contacts including soldering pads ensures industrial
feasibility. After contact firing a laser locally alloys the
rear aluminium through the dielectric passivation layer
stack by means of the laser fired contact technology
(LFC) [8]. A forming gas anneal is performed in a
walking string furnace with high throughput [9].

The reference MWT cells with aluminium back
surface field are produced in a separate batch on
comparable material using our standard MWT-BSF
process sequence [10]. PERC-type reference cells are
produced in parallel to the HIP-MWT cells omitting laser
drilling and adapting the metallization layout. For the
non-simplified MWT-PERC-type reference cells, the rear
diffusion barrier is structured using screen-printed etch
resist and subsequent etching in buffered HF.

3 RESULTS

3.1 Current voltage characteristics

Table I shows current-voltage data for the different
cell types measured with an industrial cell tester. MWT,
PERC, non-simplified MWT-PERC reference cells and
three groups of HIP-MWT cells are displayed (HIP-

Table I: Current-voltage data of the devices produced in
this work. Cell thickness is 180 um after processing, edge
length is 156 mm. The numbers in brackets next to
“median” indicate the number of cells in each group. Cell
efficiencies are measured directly after processing with an
industrial cell tester. For HIP-MWT, various rear
dielectrics have been investigated (HIP-MWT I, II, III).
The material used for group HIP-MWT III differs from
the other groups.

Device Ve J FF pFF
aroup CACEOY (0 e %) (%) (%)
MWT- median (5) 610 348  77.6 805 16.5
BSF  bestcell 610 349 77.7 80.5 16.5
median (4) 627 353 76.6 814 17.0
bestcell 632 359 762 817 17.3
MWT- median (9) 627 367 758 81.1 173
PERC  bestcell 632 372 761 815 17.9
HIP.  median (8) 629 367 75.7 813 17.5
MWTI besicell 632 372 758 814 17.8
HIP- median (6) 632 370 757 814 176
MWT I bestcell 634 372 758 815 17.9
. median (29) 6317370 769 813 180
e besteell 637 37 77.3 817 183
bestcell 637 369 773 18.2*

*measurement by Fraunhofer ISE CalLab

PERC

MWTI to III). All groups except “HIP-MWT III” are
fabricated on material from the same manufacturer. The
numbers “I” to “III” indicate different rear dielectrics
used for the HIP-MWT cells.

The data reveals a clear advantage for cells with a
passivated rear surface. An increase in cell efficiency of
~ 1 %gps 1s visible for the MWT-PERC and HIP-MWT
structures in comparison to MWT-BSF cells caused by an
increase in both open circuit voltage Voc and short circuit
current Jgc. With the metal wrap through concept,
shading of the front side decreases from ~7 % to ~4 %
resulting in an increase in short circuit current density of
~1.3 mA/cm?.

The groups MWT-PERC and HIP-MWTI are
processed in parallel and show an equal composition of
the rear side passivation and metallization. The sole
difference is the rear emitter underneath the n-type
contact that is only present for the non-simplified MWT-
PERC cells (see Figure 1). No significant difference in
the current-voltage data is visible in a direct comparison
of both structures, confirming the feasibility of the
simplified HIP-MWT structure. Especially the pseudo fill
factor, which decreases for shunt-like loss mechanisms, is
equal for both concepts. Compared to PERC-type cells
the conversion efficiency increases by ~0.5 %,,s for the
HIP-MWT I cells. This increase is achieved by a single
additional process step — the drilling of vias — and an
adapted low-cost pre-cleaning step prior to diffusion.

With an increased thickness of the rear dielectric, an
impressive median short circuit current density of
Jsc=37.0 mA/cm?” and a median open circuit voltage of
Voc=632mV is reached resulting in a median
conversion efficiency of 17.6 % for group HIP-MWT II.
Group HIP-MWT III is fabricated using an enhanced rear
side passivation layer stack that allows for improved LFC
formation and increases reverse stability of the cells (see
section 3.3). The cells are fabricated from different mc-Si
material with an optimized metallization and LFC layout
and reach an impressive median conversion efficiency of
n=18.0% (29 cells), mainly due to an increased fill
factor.

3.2 Short circuit current analysis

With both approaches, MWT and PERC, losses in
short circuit current are reduced. Combined structures
such as MWT-PERC and HIP-MWT therefore yield the
highest Jsc values (see Table I). Table II shows the

Table II: Estimated Jsc loss due to the relevant loss
mechanisms. The values indicate the possible improve-
ment in Jgc that is achievable by eliminating each indivi-
dual loss mechanism. The values in column “AJgc
ref” refer to a simulation without shading, ideal light
trapping (no escape reflectance, no parasitic absorption at
the rear surface) and no rear surface recombination.
Values for conventional H-pattern BSF cells are given for
the sake of completeness.

Device shading escape parasit.ic Serr - AJsc
group reflectance absorption rear @ ref
BSF 7 % 0.5 % 35% 2% 16%
Nggg 4% 0.5% 35% 2% 12%
PERC 7% 1% 1.5% 05% 12%
MI-{)IVI:EI 4% 1% 15% 05%: 8%
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Figure 3: Comparison of dark current-voltage
charakteristics for a MWT-PERC reference cell and HIP-
MWT cells with different rear dielectrics.

possible improvements in Jsc for different cell structures
and relevant loss mechanisms. The values are calculated
with PCID simulations [11] based on IQE and
reflectance data. An effective rear surface recombination
velocity of 500 cm/s for AI-BSF and 100 cm/s for the
PERC-type rear side are assumed whereas the rear
surface reflectance is set to 75 % (diffuse) and 93 %
(specular) respectively.

As the different loss mechanisms interact, a
summation of the individual contributions is not possible.
Instead, a reference simulation where all specified loss
mechanisms are deactivated serves as a reference and
yields a maximum current density of Jsc = 40 mA/cm?® —
bulk and emitter recombination as well as front
reflectance are still active in this simulation. Compared to
this reference value, HIP-MWT cells show the lowest
loss in short circuit current. A theoretical improvement of
~16 % is expected for conventional H-pattern BSF solar
cells when ideal rear surface passivation and no internal
optical losses such as escape reflectance and parasitic
absorption at the rear surface are assumed. For HIP-
MWT cells, this value decreases to only 8 % or
3 mA/cm?, which demonstrates the high potential of
MWT-PERC-like structures in reducing Jsc losses.

3.3 Reverse current voltage characteristics

Partial shading of a photovoltaic module may result
in reverse bias conditions for the shaded cells. The
maximum reverse voltage in such a configuration
depends on the length of the individual strings that are
secured by a bypass diode. A typical voltage for reverse
bias stability testing is Vo, =-12 V.

Table III: Median values for shunt resistance Rp, dark
current density Ji.,; at Vi =-1V and current density
Jrevz at VrevZ = '12 V.

Device group RP Jrevl 2 Jrev2 2
kQ) (mA/cm”) (mA/cm®)
PERC 7.8 0.2 4.4
MWT-PERC 3.6 0.4 6.6
HIP-MWT I 6.5 0.2 29.8
HIP-MWT II 5.0 0.3 18.5

HIP-MWT III 11.7 0.2 3.3
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Figure 4: Spatially resolved DLIT signal (detail) for
selected HIP-MWT and MWT-PERC cells with different
rear dielectrics obtained at a reverse bias of -10 V. The
signal is proportional to the local heat dissipation and
thus correlates with the local current density. The overall
reverse current is indicated below the device group. An
increase of the signal is visible underneath the rear
external n-type contacts.

Due to the fact that the rear n-type contact overlaps
the p-type base, the rear dielectric of HIP-MWT cells
must provide reliable insulation between both polarities
especially under reverse bias. Previous experiments
revealed a junction breakdown underneath the rear n-type
contact at voltages below -6V for a rear dielectric
consisting of Al,O3 and SiN, [12]. As shown in Figure 3,
the presented cells of group HIP-MWT I show a similar
behaviour for voltages below -6 V. The thickness of the
rear SiNx capping layer is increased for the cells of group
HIP-MWT II resulting in a slightly lower current flow
and therefore improved reverse bias = stability.
Nevertheless, the median current J.,, at Vi, =-12 V still
exceeds the value of the MWT-PERC reference cells (see
Table III). In contrast, the enhanced rear dielectric layer
stack of group HIP-MWT III deposited by PECVD
allows for median J,,, values of only 3.3 mA/cm?. This
is even less than for the non-simplified MWT-PERC
reference cells and enables conventional module
assembly. Within the group of 29 processed HIP-
MWT III cells, a maximum value of only 6.0 mA/cm® is
measured for J.,,, confirming the reliability and stability
of this concept.

3.4 Spatial distribution of the current under reverse bias

Apart from the overall current, the spatial distribution
of the current flow under reverse bias conditions is
crucial for preventing hot spots. Figure 4 shows dark
lock-in thermography (DLIT) [13] mappings recorded at
View=-10V for MWT-PERC reference cells and the
presented HIP-MWT cells with varying rear dielectric.

An increase in current density underneath the rear n-
type contact is visible for all HIP-MWT cells. While
conventional cells show a rather unpredictable current
distribution, the current of HIP-MWT cells under reverse
bias almost explicitly flows in a pre-defined region — the
rear local n-type contact areas. This allows for controlled
heat dissipation during reverse bias stress and a more
robust module set-up. Especially for cells with enhanced
rear dielectric (HIP-MWT I1I), only little heat dissipation
under reverse bias conditions is expected.
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4 CONCLUSION

The direct comparison of H-pattern PERC, MWT-
BSF and MWT-PERC mc-Si devices clearly
demonstrates an advantage in terms of efficiency for the
MWT-PERC structure. A cumulated gain in efficiency of
up to 1.5 %, is expected compared to conventional H-
pattern cells with aluminium back surface field. The
drawback of a significantly increased number of process
steps is resolved by the introduction of the simplified
HIP-MWT structure. While the complexity of the process
sequence is reduced, no negative influence of the
simplification on cell efficiency is observed.

The presented peak conversion efficiency of 18.2 %
for large-area mc-Si solar cells confirms the high
potential of the HIP-MWT structure for industrial
fabrication of MWT-PERC-type cells. Laser drilling of
the vias forms the only additional process step when
going from an H-pattern PERC structure to the HIP-
MWT structure, resulting in an increase in cell efficiency
of ~0.5 % absolute.

With an enhanced configuration of the rear dielectric,
the current density at V., =-12 V is strongly decreased.
The median current density J.,, of the improved HIP-
MWT III group is even lower than for the non-simplified
MWT-PERC reference cells.

Compared to non-simplified MWT-PERC devices,
process stability is significantly improved as the rear side
does not exhibit structured areas (e.g. emitter areas)
except the vias. Therefore, deviations in alignment during
contact formation do not necessarily result in shunts or
reverse bias instability.

Future experiments will focus on module integration
and reverse bias tests after lamination. Additionally,
alternative concepts for the formation of the rear
diffusion barrier will be evaluated. Especially inkjet
printing of silicon oxide based masks is an economically
promising approach. Further improvements in efficiency
are expected from enhanced front emitter formation and
novel metallization technologies [5].
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