- 1 - Description Method for processing the surface of a wafer for

produci ng a solar cell, and wafer Field of application and prior art 5
[ 0001] The invention relates to a net hodflor the treatnent of the surface
of a wafer for producing a solar cell in accordance with the preanbl e of

Claim1l, and to a wafer for producing a solar cell which has been treated
by nmeans of such a nethod. [0002] V\%ﬁ&i@%zi ng solar cells for producing
a nmetallic ohmc 10 contact, electr chemi cal electroless

nmetal lizations are al so used besi des screen printing nethods. These

metal lic cont grdifodi6r BioSEsSAARABSLIPACESE A Wiafdt i hrod @ity SWMAf S N9 Ag,
Cu, Ni and ti ereor. [0003TOne srgnifrrcant problemin
the metal lization of these |ayers Qelliand Meafer- cal | ed parasitic coating of

i ndi vidual regions. with defects at the antireflection and passivation

| ayer. In this case, netal Ls gﬁosited in the region of e.g. scratches,

pi nhol es and i nhonpgeneous r'@é‘g aRRlicationgp rpé'ﬂq(ﬁfgl on and passivation

| ayer and al so sinple surface defects such as, for exanple, fingerprints 20
from manyal lai N : rasit |1 e the
opticall 5 active ]s uﬁ%%gﬂgéhgéﬁﬁ?%%gl {?én@%ttﬁﬁéafécragﬁgg@éeéinﬁ%ﬁtpéf? Ig%mamce
of the sol arswéace ohra acrfer ifongroducing ai sokanaelk inceecpedance vithiépesi ti ons
also sioni |l sirhbilel 8Etgndaldridito v éh?%rf&%?ﬁkﬁﬂ@ea bldrhGelP WEh

25cel I's. Object an wit is achieved [ 000 ention 1s based on the
obj ect of priRS BEsY tée?f‘éﬁ‘n% meansfezH¢haiMetofy oduction for the surface

treatnent of a wafer,
[0002] When metalizing solar cells for producing a metallic ohmic
10 contact, electrolytic and chemical electroless metallizations are also
used besides screen printing methods. These metallic contacts are
often composed of metallization layers comprising Ag, Cu, Ni and tin
and combinations thereof.

[0003] One significant problem in the metallization of these layers
15 is the so-called parasitic coating of individual regions with defects at

the antireflection and passivation layer. In this case, metal is

deposited in the region of e.g. scratches, pinholes and

inhomogeneous regions in the antireflection and passivation layer

and also simple surface defects such as, for example, fingerprints
20  from manual handling.

[0004] These parasitic metal depositions reduce the optically

active surface of solar cells and thus decrease the performance of

the solar cell. An additional factor is that these parasitic depositions

also significantly reduce qualitatively the appearance of the solar
25 cells.

Object and how it is achieved
[0005] The invention is based on the object of providing a method

mentioned in the introduction for the surface treatment of a wafer,
and also a corresponding wafer, with which it is possible to avoid the



and al so a corresponding wafer, with which it is possible to avoid the - 2
- problemof parasitic netal deposition at the surface of a wafer for solar
cells during the contact netallization. [‘@006] Thi s object is achieved by
means of a nmethod having the features of Claim1l and al so by neans of a

waf er having the 5 features of Caim 11l. Advantageous and preferred
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[0007] I'n the nethod for the surface treatnment of a wafer during 10 the
production process to forma solar cell, at a specific ETOI nt in the nethod
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Speci fical | y° tngf ug{’ﬂggaé%‘z | ?Qﬁ(%f?%‘i}qufﬁléﬁ‘%b%& a& erl%"lygfof
attachnment . pemposd obMmakiagpelectrical contact with the solar cell. According to
20 the invention, prior to such a metallization or metal deposition on the

surface of the wafer, the surface is treated in a processing step for

passivation or for removal of the p-doped layer in the region of
disturbances such as scratches, defect sites, pinholes or
inhomogeneous regions or the like. This is because these problem

25 sites - referred to generally as disturbances - in the antireflection

and passivation layer could otherwise bring about metal depositions

thereon. This brings about an undesired shading of the solar cell

and hence a reduction of the energy yield, on the one hand, and

could produce undesired conductive connections, on the other hand.

30 By means of passivation or removal of the p-doped layer in this

region of disturbances, it is possible to avoid not just a possibly

undesired electrically conductive contact, but any metal deposition

at said disturbance whatsoever. Such a passivation prevents the

deposition of metal at said disturbance on account of the neutral

35 electrical properties then present. Specifically, there are no suitable

surface charges present for metal attachment. Removal of the p-



- 3 - doped layer in the region of a disturbance has a simlar effect since
there is then |ikewi se no suitable or necessary surface charge present for
t he di sturbing deposition of netal. [0008]3 Subsequent netal lization can
advant ageously be effected 5 electrolytically, as is known per se and is
customary. It may possibly even be effected with a degree of |ight
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[0009] A tr ead®ip; 18F ‘i’l‘iéiﬂrﬁiﬂgt@éprM%ﬂté% ¢4 t he surface of the wafer

i n the region of istgﬁiances, in particular for the local renobval of the
p- doped | ayer, can be effected using etching solution in an etching step.
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di sturbances which then act 1n a simlar manner to scratches or defect
sites upon subsequent application of the netallic contacts. The etching
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far as possible Iy 1n the region of sucC i st ur bances whi ch have been
i dentified aN§Ol g‘gﬁla-zéﬂ%eﬁﬁﬂlﬂhﬁ%a%mws axe beean&Ayued At H&RISY in
particul ar ithedet erating dslathbns.in the context of the invention. As a further
aspect when choosing the etching solution, consideration should be
given to choosing the etching solution such that it attacks the
20 antireflection and passivation layer of the solar cell only negligibly,
that is to say does not produce further abovementioned
disturbances which then act in a similar manner to scratches or
defect sites upon subsequent application of the metallic contacts.
The etching solution is advantageously chosen such that it leaves
25 the antireflection and passivation layer undamaged, that is to say
virtually does not attack it at all. This can advantageously also be set
by means of process parameters during the etching step, for
example duration and/or temperature.

[0010] An etching solution can also be chosen with regard to the

30 aspect that it only selectively etches the p-doped layer in order to
locally remove it in the region of the disturbance. Also conceivable

here is an advantageously automated method for applying the
etching solution as far as possible only in the region of such

- disturbances which have been identified and localized beforehand

35 by means of analysis methods, in particular in automated fashion.



4 - Thus, not only can the consunption of etching solution be greatly
reduced, but an unnecessary and damagi ng i npai rnment of the antireflection
and passivation layer is avoided in the Féhhining regi ons containi ng no

di sturbances. 5 [0011]As an alternative to the treatnent in an etching step
using etching solution, the surface of the wafer an be subjected to a
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medium dissolved in an aqueous solution can reside in the fact that
application locally exclusively or in a manner as delimited as

20 possible to disturbance regions can be implemented better than
using a gas, which generally spreads over the wafer surface after
application. As an alternative, when a strongly oxidizing gas is used,
a locally greatly delimited effect can likewise be achieved by means
of suitable extraction.

25 [0012] In a manner similar to that described above for the etching
step, the duration of the oxidization of the wafer surface can also
vary greatly and range from a few seconds to a plurality of minutes.
This is dependent primarily on the oxidation effect of the gas, but
simultaneously also on a possibly precisely identified and

30 determined intensity of the disturbance, which possibly requires
oxidation to a varying extent or intensity.

[0013] Provision may advantageously be made, in order to
identify said disturbances, for using optical systems, for example
cameras, and thereby searching the surface in regions or in its
35 entirety by scanning. Systems of this type which are known per se



can be used here, which then pass the data to a controller, which in turn

controls the step of targeted elimnation of the dlsturbance at this

| ocation. [0014] After the step according “t" the invention for removal or 5
passi vation of the p-doped |ayer in the region of disturbances, therefore,
a netal deposition for producing the contacts is advantageously ef fect ed.
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claims but also from the description and the drawings, where the
individual features can be realized in each case by themselves or as
a plurality in the form of subcombinations in an embodiment of the

15 invention and in other fields and can constitute advantageous and
inherently protectable embodiments for which protection is claimed
here. The subdivision of the application into individual sections and
sub-headings do not restrict the general validity of the statements
made thereunder.

20 Brief description of the drawings

[0016] An exemplary embodiment of the invention is illustrated
schematically in the drawings and is explained in greater detail
below. In the drawings:

Figure 1 shows a wafer for producing a solar cell with a scratch in
25 the antireflection and passivation layer right down to the
p-doped layer,

Figure 2 shows an etching operation in the region of the scratch in
accordance with Figure 1, and

Figure 3 shows the wafer after the etching operation in accordance
30 with Figure 2 with the p-doped layer removed by the
etching in the region of the scratch.



Det ai |l ed description of the exenplary enbodi nent [0017]Figure 1 illustrates
a wafer 11 during the process for producing a solar cell. The wafer 11 has
a silicon substrate 12 with a p-doped Iayér 14 at its top side. The p-doped
| ayer 14, in turn, is 5 covered by a conventional antireflection and
passivation layer 16. In this respect, the wafer 11 corresponds to a

passi vat i on 1 ayer. Lopled Bstpuhrol & ReebiaflbhitdifRien;
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scanni n sys m 20 |dent les the scratc he size thereof, the
cour se eré’é"ft'rﬁﬂﬁcﬁp§@%@ﬁﬁﬁ'ﬁ’ait'f’”dé‘é@fr1|nght dovvn to the p-doped |ayer 14,
25 that is to say has to be rendered harm ess. [0020] On the basis of the

i nformation coni r.ol st i)l ust ed thaI
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uncovered region 15 in the region of the scratch 18. In the course of
a metallization step that then conventionally follows, metal would
deposit here, as has been described in the introduction, which is

undesirable, however.

20 [0019] Figure 1 illustrates an optical scanning system 20, which is
advantageously movable or else can simultaneously detect and
evaluate the entire top side of the wafer 11. The optical scanning
system 20 identifies the scratch 18 and the size thereof, the course
thereof and also whether it goes right down to the p-doped layer 14,

25 thatis to say has to be rendered harmiless.

[0020] On the basis of the information sent to a control system
(not illustrated) by the optical scanning system 20, a controllable
nozzle 22 can then be brought in according to Figure 2. Said nozzle
22 applies etching liquid 23 in the region of the scratch 18. In
30 particular, the etching liquid 23 is applied directly to the uncovered
region 15 of the p-doped layer 14. The etching liquid can be an acid
mentioned above. The duration of the etching operation or of the
action of the etching solution 23 is dependent both on the latter's



- 7 - own conposition and the type and construction of the antireflection
and passivation |ayer 16. [0021]Figure 3 hllustrates how t he wafer 11
appears after the etching step in accordahce with Figure 2 and a cl eani ng
step that 5 possibly succeeds said etching step, said cleaning step not
being illustrated here since it can be carried out very easily It can be
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for the functioning and performance of the finished solar cell. During

a subsequent metallization step, no metal can deposit onto the now

15 uncovered region 25 of the silicon substrate 12. Consequently, this

problem can be eliminated.

[0022] It can easily be discerned how the method according to
the invention can be modified with reference to Figures 1 to 3.
Instead of an etching solution 23 together with a fine nozzle 22,

20 large-area spraying with etching solution can be effected.
Furthermore, instead of a liquid etching solution, an oxidizing gas
can be applied, which, under certain circumstances, can equally be
directed in a targeted manner onto scratches or the other defects
mentioned above. During oxidation, generally the p-doped layer or

25 the uncovered region 15 is then not removed, but rather passivated,
with the result that likewise no metal can deposit during a
subsequent metallization.



1Method for the treatnment of the surface of a wafer for pro- ducing a solar
cell, wherein an antireflection and passivation |ayer has been applied onto
t he p-doped | ayer onto the wafer 5 in a Sst®p precedi ng the nethod,
characterized in that prior to a subsequent netallization or netal
deposition on the surface of the wafer for producing contacts for the solar

cell, the surface is treated in a & .lg'i sstep for passivation or for
renoval of the p-doped layer in thwégm—di st ur bances such as 10
scratches, defect sites, pinholes and i nhonbgeneous regions in the
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the treatment of @henguaselar gelk nehergieran antiellestiporand rredivaliafces 15

is perforned.in aayettiisBeshefppheddrabohieng-doped Idfer VRS ehd vidferer abl y
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or preferably | ea¥dicqiecumdaigeasseg sma REIYYaANGQ ardosrensiva Cl ai s
2 1o 4, characterjngeth-p hé}/eF A eheNragioPOldft ftuHSat®s esugnChst hat

t he p-doped | ayer is etche el ectivel, |ln%grd%{_to renmove the -,doged
ayer 180l 1y | n sHateR cefct Fies Ribbotemadd HhaReasacabEreaIRgS: o

G aim1, characten #esl antireflectibar ahkbie pasebtation [@feit e erddrate afoitihe
the wafer is subjected to a

Strongly oxi di o MpClRLeSRES R 7k TR C- 5B ArAES an oxi di zi g gas
di ssolved in an aqueous sol ution.
2. Method according to Claim 1, characterized in that the treat-
ment of the surface of the wafer in the region of disturbances
15 is performed in an etching step using etching solution, wherein
preferably the etching step lasts for a plurality of seconds to a

plurality of minutes.

3. Method according to Claim 2, characterized in that the etching
solution is HoSO4 or H20o.

20 4. Method according to Claim 2 or 3, characterized in that the
etching solution is chosen such that it attacks the antireflection
and passivation layer of the solar cell only negligibly or pre-
ferably leaves it undamaged.

5. Method according to one of the Claims 2 to 4, characterized in
25 that the etching solution is chosen such that the p-doped layer
is etched selectively in order to remove the p-doped layer lo-

cally in the region of the disturbance.

6. Method according to Claim 1, characterized in that for the
treatment of the surface of the wafer in the region of distur-
30 bances, the wafer is subjected to a strongly oxidizing gaseous
medium, if appropriate an oxidizing gas dissolved in an

aqueous solution.



-9- Met hod according to Claim®6, characterized in that the duration of
the oxidation of the surface of the wafer to be treated lasts for a few
seconds to a plurality of mnutes. Met hod9accor di ng to Claim6 or 7,
characterized in that the strongly oxidizing nedi um oxi di zes and passi vates
the surface of the wafer in the region of the disturbances. Method

accordi ng tc, any r l.ng | ar | | n_t a r the
step for re0n7ﬁval '\g%ﬂﬁ)%gm Cgﬁiﬁcghaoftg!t ﬁ%’%d%e&ﬁ%%é‘éfl%q ﬁg E@élt o{nﬁegf t he
di sturbance, a neluratioapedithicopxidatisfi et tie gurédee afl theviwafeinta der veni ng

cleaning step as tadafcdf BIsI® 24 Sot a‘%"\ﬁm PEFaf | S¥mirfutady of the

preceding Cains, characterized int e neta position Is effected
gal vanically, preferably as an Ag-LIP. Wafer for producing a solar cell,

characterizegl i n Me#fio@mcutrdirigftbeCldien 6a6d Pasharadiefidetayethatpfheé ed to
Its surface on a p-doped l.gver has been tr.eated é) rrean§ of, a nmet hod
8 ngoqgﬂg %Ia Haegjugp Qxidizes an )f)asswa es the surface

according to any
of the wafer in the region of the disturbances.

9. Method according to any of the preceding Claims,
characterized in that after the step for removal or passivation
of the p-doped layer in the region of the disturbance, a metal

10 A deposition is effected, preferably with an intervening cleaning
step as an intermediate step.

10. Method according to any of the preceding Claims, charac-
terized in that the metal deposition is effected galvanically,
preferably as an Ag-LIP.

15 11. Wafer for producing a solar cell, characterized in that an anti-
reflection and passivation layer applied to its surface on a p-
doped layer has been treated by means of a method accor-
ding to any of the preceding Claims.



