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ABSTRACT: The rapid growth of the PV production todapd in the upcoming years necessitates a more
environmentally friendly and more suitable for thiell surface treatment technique. Dry texturingngisplasma
processing represents one possible alternativaavaneet the above requirements.

Within this work the multicrystalline silicon solaells textured by dry plasma process with an itréhissolar cell
process sequence consisting of gas phase diffufiont, side silicon nitride PECVD deposition and esmr-printing
technology for metallisation have been carried @he comparison between alkaline and plasma texjuprocesses for
multicrystalline silicon solar cells and modulesguced in the industrial environment has been sedli Different
technical problems concerning surface homogeneibdules performance...etc have been considered. igheGiobal
Warning Potential (GWP) of the plasma etching gasassbeen analysed and some solutions have begessed.
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1 INTRODUCTION

In order to realise an isotropic texturing - an
approach to improve the conversion efficiency of
multicrystalline silicon solar cells, numerous teitjues
have been studied and developed. One of the most
transferable into industrial production techniquiss
acidic texturing which was presented for the fiiste in
1995 [1]. Although this technique is already usedrn
the production of several PV manufactures, differen
problems concerning environmental impacts of a wide
application of acidic texturing have to be solvdthe
most pressing problems are: a) the expensive claémic
waste treatment, b) stocking and manipulation \éthe
volume dangerous acids; c) increase of DI water
consumption [2], [3]. The other problem is the fliag
of acidic textured wafers that could increase niateost
due to higher breakage rate. The dependence oitacid
texturing quality on pre-treated surface state I8 a
technical problem. Replacement of the wet acidic
texturing with a dry process based on plasma tdolgp
would present notable advantages for PV industries.

Plasma texturing is a stress free, low temperature
process with a reduced environmental impact inretm
acidic texturing. This technique allows to processy
one side of the wafer. From an industrial pointvigfw,
plasma texture process is suited for large size thimd
solar cell production and is well compatible witlrrent
trends in PV: shallow emitter, dry inline procesgin
isotropic texturing and cost reduction.

Within this work, a dry plasma texturing process
based on the Secon technological concepts has been
chosen and investigated on multicrystalline silicaar
cells.

2 EQUIPEMENT DESCRIPTION

The development of the plasma texturing technique
was done based on the Secon XCD-724 etcher (Fig.1).
This is a laboratory system, which is capable ticpss 4
wafers of 125 x 125 mfrin batch. Two Microwave high
rate plasma generators, XRG-900 are used for the
dissociation of the Fluorine-radical plasma.

Figure 1: Secon XCD-724 etcher.

Fig. 2 shows the XRG-900 plasma source, which
consists of horizontal ceramic rods coupled to a
microwave cavity. These rods acts as an antenna for
guiding waves with coaxial shielding from the mieave
cavity to the active area inside the reaction cteamb
Thus the plasma region is localized around thencera
rods and no ion-impact damage is observable atdlze
substrates which are placed 60-120mm beneath the
ceramic rods.

The Secon microwave (MW) plasma technology
offers the_@emical_Dy Etching (CDE), which ensures
low ion impact rates to the substrate. No RF bias wa
used to generate additional (kinetic) energy telerate
the F-radicals to the silicon surface and reach wite
silicon atoms. The chemical reaction of the etching
produces volatile reaction gases such as, $#licon
Tetra fluoride), which can be pumped away.
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dissociation of gas molecules, we usedGeatrotherm
gas burner “Flawamatt” (also used for our Silicon
Nitride PECVD furnaces ) which is well adapted farr o
small quantities of used gases.

Magnetron

Figure 2: XRG-900 plasma source.

3 MECHANISMS OF PLASMA TEXTURISATION

The texturing process operates in the followingste

* Fluorine radicals (SHs the source of active fluorine)
react with all the bonds of Si atoms.

Si + 4F-> SiF, ( and others Sify
e Oxygen radicals (coming from J®) passivate the
surface of the etched silicon surface. It is usetful
equilibrate two mechanisms: etching and redepaositio
a thin layer of siliconoxyfluoride (micromasking){4

SIF+0> SIO+F

Sik +0 > SIRO,
» Chlorine radicals (from G) which are bigger atoms
react only with front bonds (no additional energithw
this type of microwave plasma.) and lead to andase
of the surface roughness.

Figure 4: Centrotherm Gas Burner

New solutions of gas abatement for an industrial
scale production with a better efficiency have been
studied during the last years. [5]

Chlorine is a hazardous and corrosive gas and it is
also an “ozone killer". Chlorine atomes react wittone
and convert it back into plain oxygen. A singlearine
atom involved in a chain reaction can destroy many
ozone molecules. All precautions of security haeerb
considered at Photowatt, despite the small quastibif
used gases and the associated risks: double gafinsp,
gas detectors, alarms, nitrogen purges, etc...haee be
installed for this work.

5 EXPERIMENTAL
For the investigations, p-type multicrystallineicsih

wafers (125.5mm x 125.5mm) were used. The following
process sequence has been used (Fig. 5):

[ Saw Damage Removal J

[ Plasma Texturing J [ Alkaline Texturing J

[ Chemical treatment J

Shallow emitter (POCI 3 Standard emitter (POCI 3
diffusion) diffusion)

[ PSG Removal J

Figure 3. Different SEM pictures of plasma textured [ SiNy:H Deposition ]

surfaces (20 um scale) [

Optimised Front Grid } [

Standard Front Grid
Pattern

Pattern

Depending from the ratio of gases N20, SF6 and CI2,
a lot of different shapes and sizes can be cre&igd 3).
Surfaces with the lower reflectivity are not necetg [
the best for final solar cells (impact on emittaality).

{ Rear side Al layer ]

Co-Firing J

Junction Isolation by
Laser

4 ENVIRONMENT-SECURITY
Sulfur hexafluoride SEhas a high global warning Figure 5: Process sequence used for plasma texturing.
potential and contributes to the greenhouse effect.
Moreover, some process residuals {SBF, etc...) can

be toxic or not environmentally friendly. Consequrit
must be treated by gas abatement. In the frameuof o
study, although microwave plasma have a high pafer

Chemical treatment has been necessary after the
plasma texturing step to improve the cell perforogen
The substitution of these wet cleaning treatmentsab
post internal cleaning plasma ©SEt H) should be



investigated and used for the future works.
6 CELL PROCESS OPTIMISATION

To optimise the emitter formation step for plasma
textured cells, a wide range of emitter sheet t@sces
has been tested (from 35 to 75 Ohms/sq). The dbffiss
were carried out in an industrial quartz furnadesetwith
a low pressure (LYDOP® technology). In this
experiment the same front contact grid pattern ted
same firing profile was applied for all studiedesatells.
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Figure 6: Impact of emitter sheet resistance on Voc and
Jsc of plasma textured cells
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Figure 7: Impact of emitter sheet resistance on Voc and
Jsc of alkaline textured cells

The influence of emitter sheet resistance on Vat an
Jsc of plasma textured cells is shown on figur@/é.can
conclude, that shallow and lightly doped emitterswvaell
suited for plasma textured cells: the increaseroitter
sheet resistance from 45 ohms/sq to 65 ohms/sairapr
the Jsc of the cells by 4% (+1.3mA/cm?). Such Jsc
improvement on plasma textured cells is remarkably
more important compared to alkaline textured cgtig.

7): The same increase of emitter sheet resistamce o
NaOH textured cells leads to Jsc improvement by onl
2.7% (+0.9 mA/cm?2). Meanwhile the further increade
emitter sheet resistance on plasma textured desis 65
Ohms/sqg to 75 Ohms/sq) does not lead to significant
improvement of Jsc (Fig. 7).

For NaOH textured cells the increase of emitteeshe
resistance to 75 Ohms/sq leads to significant diegi@n
of Jsc and Voc degradation mainly due to shunting.

To explain the more significant improvement of asc
plasma textured cells with light and shallow emjttee

Internal Quantum Efficiency (IQE) of the cells was
measured and analysed (Fig. 8).

As expected, for lightly diffused emitters, the
improvement in the blue part of spectra was obskrve
However, this improvement is much more pronounced
for plasma textured cells. This phenomenon can be
explained by the difference of shapes for heavy and
shallow emitters profiles on plasma textured surfdg.

9). The very small size of pits (~100 nm) on plasma
textured surface leads to local over-doping of such
structures (Fig 9, left image) and formation a treédy
thick “dead layer”. At the same time, for the shalland
lightly doped emitter the effect of over-doping cha
much less pronounced (Fig 9, right image).
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Figure 8: Internal Quantum Efficiency of solar cells with
two types of emitters.
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Figure 9: shallow and deep emitter shape on plasma
textured solar cells.

Another important result concerns the Fill Factor
evolution for different emitter sheet resistandeig.(10).

For NaOH textured solar cells, a strong decrease of
FF was observed for shallow and lightly doped esrstt
with sheet resistances 65 Ohms/sg and 75 Ohmdfss). T
degradation of FF is mainly due to a strong increais
contacts resistance (confirmed with CorreScan mappin
Moreover for 75 Ohms/sq emitter some shunting
problems have been observed.

For plasma textured cells the FF degradation with
increase of emitter sheet resistance is much less
pronounced (Fig 10). The CorreScan mapping does not
reveal significant contact resistance problem efeery5
Ohms/sg emitter. After front contact grid optimieat
Fill Factor FF up to 77% were obtained on 65 Ohms/s
emitters.
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Figure 10 Fill Factor vs emitter Sheet Resistance for
Plasma and Alkaline textured solar cells.

An important point is the homogeneity of texturing.
The benefits of this homogeneity can be seen amdig
11, were Laser Beam Induced Current (LBIC)
cartography is shown for alkaline (left) and plagnight)
textured solar cells fabricated from two sister ic-
wafers. We can see, that the photocurrent distabut
difference between the grains is clearly visibler fo
alkaline textured cell due to the difference oftteixg
effect versus different crystalline orientationshist
difference is totally eliminated for plasma texureell
however some variation on photocurrent distributisn
still observed on different regions of this celledio
inhomogeneity of plasma texturing.

==

Figure 11: LBIC images of alkaline (left) and plasma
(right) textured solar cells fabricated from sistec-Si
wafers.

The comparison between alkaline and plasma
textured solar cells parameters after process dgation
is shown on figure 12. The plasma textured cells
demonstrate improved short-circuit current (+1.3%
relative) and improved Fill Factor (+1.3% relativd@he
gain in Fill Factor is explained by modified frocantact
grid pattern were the number of fingers was in@das
compensate the increase of emitter sheet resist&ioce
the same reason the gain in Jsc is less important
compared to previous experiments. The final abeolut
efficiency gain of about +0,4 % was obtained faspha
texturing process.
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Figure 12: Electric parameters for plasma textured solar
cells.

Plasma textured solar modules and encapsulatesd cell
have been made. Module reliability tests give Batig
results.

However some problems have been noti¢ptiisma
modules” give lower output power than “alkaline
modules”, which were both prepared from solar cells
with identical performances. This power loss is
approximately 1 to 2% (relative value). Some solusi
have been suggested as modifications of Siliconideit
thickness, refractive index and using alternative
encapsulants.... We're still working to find a deffiivé
solution.

7 CONCLUSION AND OUTLOOK

Developed plasma process is able to create a dry an
isotropic texturisation on multicrystalline silicomafers
with relatively low surface damages. An exhaust
abatement system for plasma process gases has been
tested.

The surface reflectance can be reduced signifigantl
in regard to alkaline textured surface (~2%). Owuidg
shows, that plasma texturing process is well coibleat
with current trends in PV: shallow emitter, dryiid
processing, isotropic texturing. After cell process
optimisation (diffusion profile, SiNx:H ARC, front
contact grid pattern), an improvement on conversion
efficiency up to 0.4% (absolute value) has beeched.

The chemical treatment after plasma processindills s
needed. The loss on output power of the modules
produced from plasma textured cells in regard kalade
modules has been observed. These problems hawe to b
solved by further process optimisations.
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