INDUSTRIALLY APPLICABLE METALLISATION WRAP THROUGH SOLAR CELL PROCESS RESULTING
IN EFFICIENCIES EXCEEDING 16%
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ABSTRACT: Metallization Wrap Through (MWT) solar cells are back contact solar cells with a cell design that is
particularly suited for large area cells. New interconnection technologies, applicable to back-contact cells, might be
beneficial for the interconnection of thin wafers. As there is a trend in the industry to process both larger and thinner
wafers, the development of a production process for MWT solar cells that can be transferred into an industrial
environment is desirable. Our cell process for MWT cells is very similar to that of conventional screen-printed solar
cells. Apart from minor adaptations, the additional effort is mostly only the formation of a limited number of holes
with a laser. Large area (156 mm x156 mm) MWT cells with efficiencies up to 16.7% were processed. The cell
process proved to be stable on a batch of over 80 cells, resulting in an average cell efficiency of 16.2%.
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1 INTRODUCTION

Metallisation Wrap Through (MWT) solar cells are
back-contact solar cells with a design very similar to that
of conventional screen-printed solar cells [1]. The
collecting emitter and the contact fingers are located on
the front side of the cell, while the busbars are shifted to
the rear side. The electrical connection between the
busbars and the fingers is established via laser drilled and
metallised holes (see figure 1).

The MWT cell design offers several advantages
compared to conventional cells. Most prominent is the
gain in active cell area due to the missing shadowing of
the busbars, which results in an increase in short circuit
current. Furthermore, the removal of the highly reflective
busbars enhances the optical appearance of the front side
of the cell. This makes MWT cells particularly suited for
the fast growing market of building integrated PV. Also,
the cell design seems suited for large area cells, since the
number of busbars can be increased without increasing
shadowing losses. Thus, high currents, which are
generated in large area cells, can be extracted more
easily. Finally, with the contacts of both polarities
located on the rear side, new automated pick-and-place
technologies can be applied for cell interconnection [2].

The objective of our investigations was the
development of an MWT cell that can be produced in an
industrial environment.

2 Cell Process

The cell process used for the production of our MWT
solar cells is shown in figure 2. It is very similar to the
process used for conventional screen-printed solar cells.
The process starts with the drilling of holes, through
which the contact fingers will be connected with the
busbars. The holes are formed by laser. Since there is a
relatively small number of holes (about 200 for a
156 mm x 156 mm cell) a modern laser system can fulfill
this task easily. The laser damage in the holes is removed
in parallel to the saw damage resulting from wafering.
Then an emitter (approx. 50 Q/sq) is diffused in a POCl;
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Figure 1: Schematic drawing of a MWT cell. Yellow:

Emitter, blue: back surface field, red: n-type metal

contact.

diffusion. It is important that the holes are drilled before
the diffusion to ensure that the emitter forms not only on
the front and rear side, but also in the holes. Next, silicon
nitride is deposited by plasma enhanced chemical vapor
deposition (PECVD) on the front side of the cell. The
metallization is realized by an adapted screen-printing
process consisting of four printing steps. With
conventional solar cells two screen-printing steps are
commonly used for rear side metallization: Al-paste is
printed on most of the rear side area. In addition
solderable contact pads, mostly printed with AgAl-paste,
are applied. In the case of MWT cells a third printing
step becomes necessary as the emitter busbar has to be
metallized with silver paste. Whether this additional step
can be avoided by using the Ag-paste used for the
busbars also for the p-type solder pads will be discussed
later on. The application of the front contact grid requires
a forth printing step. After screen-printing the cells are
fired in an infra-red belt furnace. Finally the p- and n-
regions are isolated with a laser. Since the isolation of the
n-type busbar from the p-type region has to be on the rear
side, the edge isolation is also done from the rear side
Thus the additional effort to process a MWT cell
compared to a conventional cell is limited to the
formation of a small number of holes and an additional
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Figure 2: Process flow diagram used for the production
of MWT solar cells

screen-printing step. The latter, however, can be avoided
in principal.

3 CONTACT DESIGN

A MWT cell, which has the busbars shifted to the
same position on the rear side as they would be on the
front side, is not easily interconnectable. Tabs soldered to
the emitter busbars will meet the neighboring cell at its
emitter busbars instead of the base region. Several MWT
contact designs solving this problem were suggested
earlier [3],[4]. Three cell designs, shown in figure 3,
were chosen for closer consideration: 1) a cell design
with busbars, which do not extend to the full cell length,
2) a design with one busbar located at the edge of the cell
and 3) a design similar to a solderable PUM cell [5].

To evaluate the different cell designs, their electrical
properties were simulated using a previously described
model [6]. For all cell designs the simulations resulted in
a optimum of three busbars for a 156 x156mm cell.
Further, the simulations indicate that neither the design
with the shortened busbars nor the design with one
busbar at the edge of the cell will result in a significant
efficiency improvement compared to conventional cells.
Only the solder version of the PUM cell promises
superior cell efficiency. Unfortunately this cell design
requires the application of an isolating lacquer between
the n-type contact islands on the rear side or an
alternative ~ non-tabbing  based  interconnection.
Nevertheless, the MWT cells mentioned below utilize a
cell design similar to the solderable PUM cell.

4 CELL RESULTS

A large batch of MWT cell from 3-6Qcm
156 x 156 mm”  semi-square Cz-Si was processed
according to the sequence described above. For the
removal of the saw damage an anisotropic etch was used,
resulting in a random pyramid texture. The results are
shown in figure 4.

The processing of the cells proved to be
unproblematic. The laser drilling of the holes does not
seem to influence mechanical stability significantly, as
loss due to breakage was negligible. Also the distribution
of cell results shows a standard spread and we consider
the process to be stable.

The average cell efficiency was 16.2%, which is an
excellent result for back-contact cells of 239 cm? cell
area. Efficiency is limited by the fill factor, which is with
76.0% average slightly too low. By isolating the edges
with a trench diced from the front side replacing the laser
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Figure 3: Different MWT contact designs. White: p-type
solder pads. Dark grey: n-type busbars. Left: Cell design
with busbars, which do not extend to the full cell length.
Middle: Cell design with one busbar at the edge of the
cell. Right: PUM like contact design.

isolation from the rear, the fill factor can be improved by
roughly 1.5% absolute, as verified for several cells. One
of the best cells with an original efficiency of 16.4% and
a fill factor of 75.8% improved to 16.7% efficiency and a
fill factor of 77.2%. The fill factor is particularly high for
both back-contact cells and large area cells. The power
generated by the cell, however, slightly dropped after
dicing the edges due to the loss in active area.

Laser Dicing saw

rear side front side
Area [cm’] 239 233
J,. [mA/cm’] 35.6 35.6
Voo [mV] 607.6 607.4
FF [%] 75.8 77.2
N [%] 16.4 16.7
Poax [W] 3.92 3.90

Table 1: Cell results of the best MWT cell with the
original pn-edge-isolation by a laser groove from the rear
side and after the edges were removed with a dicing saw.

We believe that for this batch of cells efficiency is
not limited due to problems specific for MWT cells (like
cell geometry or a non-suited Ag-paste for busbar
metallization). Further improvement will require mostly
the same developments necessary for the improvement of
conventional screen-printed solar cells like higher ohmic
emitters and better rear side passivation.
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Figure 4: Cell results of a batch of 83 MWT cells
(156 x 156mm?) made from Cz-Si.



5 PROCESS SIMPLIFICATION

The batch of cells described above was metallized
using four screen-printing steps: one step for the front
grid and three printing steps on the rear side. On the rear
side Al-paste is printed for the formation of a BSF.
AgAl-paste was used to form solderable p-type contact
pads. In addition the metallization of the rear side n-type
busbars requires a non-conventionally firing Ag-paste.
Using a conventional Ag-paste for the busbars would
result in severe over-firing and shunting, as the paste is
printed directly onto the emitter without a silicon nitride
layer in-between.

In principal it is possible to avoid one printing step, if
the solder pads for the p-type contact are printed with the
same silver paste that is used for the metallization of the
busbars (see table 2). In the following the effect of this
simplification is investigated.

Original Simplified
front grid Ag-Paste 1 on FS | Ag-Paste 1 on FS
busbars Ag-Paste 2 on RS RS
p-type solder pads| AgAl-Paste on RS| ng-¥
back surface field| Al-Paste on RS | Al-Paste on RS

st 208

Table 2: Printing sequences used for the metallization of
MWT cells.

Two groups of MWT cells were processed in parallel
from 156 x 156 mm? semi-square Cz-Si with a base
resitivity of 3-6 Qcm. For the first group a simplified
metallization sequence was used with p-type solder pads
and busbars printed with the same Ag-paste. The second
group served as a reference using the original
metallization with p-type solder pads of AgAl-paste. The
average cell results of the two groups are listed in table 3.

Original Simplified

J,. [mA/cm?] 35.240.1 353+0.3
Vo [MV] 609.8 + 0.3 605.6 + 1.0
FF [%] 74.6 + 0.6 72.1+0.5

n [%] 16.0 £0.1 15.4+0.1

Table 3: Average cell results of 2 batches of 8§ MWT
cells. One batch was processed with a simplified
metallization sequence with p-type solder pads of
Ag-paste, which avoids one printing step.

Both metallization processes result in similar short
circuit currents. The open circuit voltage, the fill factor
and thus the efficiency differ significantly for the two
processes. The average V. is more than 4mV lower for
the simplified metallization. Since also the average fill
factor is 2% lower for the simplified process, the average
efficiency is reduced from 16.0% to 15.4%.

To understand this, it is necessary to realize that in
our process the emitter is formed in a POCI; diffusion
from the gas phase. This means that after the diffusion
and before firing, there is emitter not only on the front
side of the cell, but also on the rear. In particular, there is
emitter under what will be the p-type solder pads. AgAl-
paste and Al-paste both consume the emitter during the
firing process, so that there is no more emitter under
solder pads if they are made from AgAl-paste. If the pads

are, however, made from the same Ag-paste with which
the busbars are printed, this will not be the case. The
busbar paste is a non-standard Ag-paste since it must not
fire through the emitter to avoid shunting in the busbar
region. Hence, for the simplified metallization there is
still emitter under the p-type solder pads at the end of the
process.

This emitter under the solder pad is short circuited
with the base contact. Electrons diffusing to the rear side
of the cell will be collected in the emitter. As the emitter
is short circuited with the base the electrons will then
recombine with holes. The surface passivation of
AgAl-paste is poor compared to an Al-BSF. The short
circuited emitter under the Ag-paste, however, leads to a
complete depassivation of the surface (see figure 5). This
is very likely the reason for the observed drop in V.

The existence of an emitter under the p-type solder
pad also affects holes in that region. Due to the band
bending, the holes are repelled from the back contact.
Thus, to be collected, the holes have to flow to the
Al-BSF next to the solder pads. Due to an increased path
length of the holes, the series resistance in the pad region
is increased by 1.3 Qcm’® compared to the “non-busbar
cell area” (assuming the contact geometry we used, a
300um thick cell and a base resistivity of 3 Qcm). The
increased series resistance in parts of the cell will
obviously reduce the fill factor.

It is important to note that the contact design used for
the comparison describes a worst-case. We used a contact
design with three p-type solder pads, which extend the
full cell length. Currently the pads cover nearly 8 % of
the cell area. By adjusting the cell design to smaller
p-type solder pads the effect could be diminished greatly.

Further, the effect will be as articulated only for the
special Ag-paste we use for busbar metallisation.
Common Ag-paste will fire through the emitter, if it is
printed directly onto the emitter without silicon nitride
in-between and is fired with normal firing conditions. As
in the case of AgAl-paste, all or the at least most of the
emitter will be consumed thereby and cell performance
will be similar.

Recombination)

Figure 5: Schematic of a p-type solder pad printed with
the same paste, which is used for the metallization of the
emitter busbars. An emitter under the pads leads to a very
poor surface passivation and to an increased path length
for holes.

6 CONLUSIONS

We have developed a cell design for large area MWT
cells, with which high cell efficiencies up to 16.7%
(Cz-Si, 233cm?®) were demonstrated. The cell process
used for the production of MWT cells proved to be stable



on a larger batch of 83 cells, where an average cell
efficiency was of 16.2% was achieved.

The possibility for a simplified process, which avoids
one printing step, was investigated. The simplified
process results in a loss in open circuit voltage and fill
factor. Average efficiency of the cells processed with the
simplified process reached only 15.4% compared to
16.0% for the reference group. Very likely the loss could
be greatly reduced by using an adapted contact geometry
with smaller p-type solder pads.

REFERENCES

[1] E. Van Kerschaver et al., A novel silicon solar cell
structure with both external polarity contacts at the back
surface, 2" WC PVSEC, Vienna, Austria

[2] J.M.Gee et al., Simplified module assembly using
back-contact crystalline-silicon solar cells, 26" PVSC,
Anaheim, CA, USA, pg. 1085

[3] E. Van Kerschaver et al, Record high performance
modules based on screen printed MWT solar cells,
29" PVSC, New Orleans, USA, 2002, pg.78

[4] J.H. Bultmann et al, “Interconnection Through Vias
For Improved Efficiency And Easy Module
Manufacturing Of Crystalline Silicon Solar Cells”; Solar
Eng Materials & Solar Cells 65, 2001

[5] M. Spidth et al., Solder version of 8 inch back-
contacted solar cells, 15" PVSEC, Shanghai, China,
2005, pg. 1003

[6] H. Knauss et al., Large area metallisation wrap
through solar cells with thick film metallisation,
20" ECPVSEC, Barcelona, Spain, 2005, pg. 922




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


