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SOLUTION FOR INCREASING WAFER SHEET RESISTANCE
AND/OR PHOTOVOLTAIC CELL POWER DENSITY LEVEL

FIELD OF THE INVENTION
[0001] This invention relates to an acidic treatment composition and to the use of such acidic
treatment composition in a method of treating a thin film amorphous or mono- or multi-
crystalline silicon wafer substrate for use in a photovoltaic cell, the wafer substrate having at
least one of a pn- or np junction and a partial phosphosilicate or borosilicate glass layer on a
top surface of the wafer substrate, to provide increased sheet resistance of a wafer and/or

power density a photovoltaic cell made from said wafer.
BACKGROUND TO THE INVENTION

[0002] Silicon-based solar cells, or photovoltaic cells, require several processing steps in order to
be able to convert incident light into current. One of these steps involves the generation of an
emitter, which is most commonly accomplished by the thermal drive-in of phosphorous into a
boron-doped silicon wafer. This process results in the generation of a so-called dead layer, which
gives high recombination rates of the generated charges and is detrimental to the efficiency and
power density level of the solar cell. Additionally, this process produces a so-called
phosphosilicate glass (PSG) layer on top of the wafer, which contains phosphorous, silicon and
oxygen and this PSG layer has to be removed in order to be able to proceed in cell manufacture.
After the thermal drive-in process, the phosphorous depth profile shows a plateau of high-
concentration extending from the surface to several tens or hundreds of nanometers deep,
depending on process conditions. Ideally, the concentration near the surface would be high (i.e.

10°2! atoms/cm®) in order to be able to contact the electrodes well.

[0003] A principal goal of multi crystalline photovoltaic cell manufacturers is to reduce the
cost of the energy delivered by their solar cells. This can generally be accomplished in one of
two ways, either reduction in overall cell manufacturing costs and/or improvement in solar cell
conversion efficiency. In an effort to achieve the latter objective current manufacturing
processes apply a post-emitter etch after the phosphorous diffusion, which removes the PSG
layer by dipping the wafer in HF. Previous experiments have shown that an additional
treatment after the HF-dip can result in higher cell efficiencies, up to 0.3% absolute. Currently,
a product of Mallinckrodt Baker, Inc., namely product PV-160, is used in this additional step.

However, use of this product generally requires processing of the wafer substrate in a heated
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bath (70°C or higher) of the product.

[0004] It is highly desirable that compositions be available that are capable of producing higher
power density in solar cells in equal or lesser processing times and at reduced temperatures by
improved etching of remnants of the PSG layer as well as deeper etching of the dead layer,

compared with results obtained with the currently used PV-160 product.

SUMMARY OF THE INVENTION
[0005] In a first embodiment the invention provides a method of treating a thin film
amorphous or mono- or multi- crystalline silicon wafer substrate for use in a photovoltaic cell
to increase at least one of (a) the sheet resistance of the wafer and (b) the power density of the
photovoltaic cell made from the wafer, the wafer substrate having a pn- or np junction and/or
partial phosphosilicate and/or borosilicate glass layer on a top surface of the wafer substrate,
the treatment method comprising contacting the wafer substrate with an acidic treatment
solution for a time and at a temperature sufficient to increase at least one of (a) the sheet
resistance of the wafer and (b) power density of the photovoltaic cell made from said wafer, the
solution comprising:
a buffered oxide etch (BOE) solution of:
from about 0.1 to about 20% by weight of at least one tetraalkylammonium
hydroxide,
from about 0.1 to about 5% by weight acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of ammonium
ions,
from about 0.01 to about 20% by weight of a metal free source of fluoride ions,
balance water to 100%,
mixed with oxidizer and optionally water in a ratio by volume of oxidizer/water/BOE
solution of 0.01-10/0-100/1. The wafer with the emitter is inclusive of both p- and n-
source silicon types.
While the treatment can increase either the sheet resistance of the wafer or the power density of
the photovoltaic cell it preferably increases both. Additionally, the treatment may also increase
the efficiency of a photovoltaic cell made from this wafer.
[0006] In a further embodiment of this invention there is provided an acidic treatment solution

for treating a thin film amorphous or mono- or multi- crystalline silicon wafer substrates for
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use in a photovoltaic cell to increase at least one of (a) the sheet resistance of the wafer and (b)
the power density level of the photovoltaic cell made from said wafer, the wafer substrate
having a pn- or np junction and/or partial phosphosilicate and/or borosilicate glass layer on a
top surface of the wafer substrate, wherein the acidic treatment solution comprises a mixture
of:
a buffered oxide etch (BOE) solution of:
from about 0.1 to about 20% by weight of at least one
tetraalkylammonium hydroxide,
from about 0.1 to about 5 % by weight acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic
surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of
ammonium ions.
from about 0.01 to about 20% by weight of a metal free source of
fluoride ions,
balance water to 100%,
mixed with oxidizer and optionally water in a ratio by volume of
oxidizer /water/BOE solution of 0.01-10/0-100/1. The wafer with the emitter is

inclusive of both p- and n- source silicon types.

[0007] In both of these embodiments the amount by weight of the teraalkylammonium chloride
in the BOE solution is preferably 0.5 to 15%, more preferably 1 to 10%, still more preferably
1.5 to 8%, and most preferably 2 to 4%, and especially 3.1%.

[0008] The amount by weight of acetic acid is preferably 0.5 to 4%, more preferably 0.8 to 3%,
still more preferably 1 to 2%, most preferably 1 to 1.5%, and especially 1-2%.

[0009] For the non-ionic surfactant the amount by weight is preferably 0.2 to 4%, more
preferably 0.3 to 2%, still more preferably 0.5 to 1%, most preferably 0.7 to 0.9%, and
especially 0.8%.

[0010] For the chelating agent the amount by weight is preferably 0.2 to 4%, more preferably
0.3 to 3%, still more preferably 0.4 to 1%, most preferably 0.5 to 0.8%, and especially 0.6%.
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[0011] For the source of the ammonium ions, the amount by weight is preferably 0.2 to 10%,
more preferably 0.3 to 5%, still more preferably 0.5 to 2%, most preferably 0.6 to 1%, and
especially 0.8%.

[0012] For the source of fluoride ions, the amount by weight is preferably 1 to 10%, more
preferably 0.5 to 5%, still more preferably 1.0 to 3%, most preferably 1.5 to 2.5%, and
especially 2.1%.

While the treatment can increase either the sheet resistance of the wafer or the power density of
a photovoltaic cell made from said wafer it preferably increases both. Additionally, the
treatment may also increase the efficiency of a photovoltaic cell made from this wafer.

[0013] In a preferred embodiment of the invention the treatment occurs at a temperature of
from about 20° to less than 70° C.

[0014] In another preferred embodiment of this invention the BOE solution has a pH of from
about 3 to less than 7, preferably a pH of from about 3 to about 6, and more preferably a pH of
from about 4.3 to about 5.

[0015] In a still further preferred embodiment of this invention the oxidizer comprises
hydrogen peroxide. Generally the oxidizer is in aqueous solution, (0.01% to 50%, more
preferably 0.1% to 30%, and even more preferably about 30% aqueous solution) of water and
hydrogen peroxide in any suitable ratio, but generally in a ratio of from about 6/10.2 to about
6/1.

[0016] In yet another preferred embodiment of this invention the BOE solution comprises
tetramethylammonium hydroxide as the tetraalkylammonium hydroxide, 3,5-dimethylhex-1-
yn-3-ol as the at least one surfactant, and EDTA as the at least one metal chelating agent, and
the oxidizer solution comprises hydrogen peroxide and water.

[0017] In yet another preferred embodiment of this invention the BOE solution comprises
about 3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about
0.8 % 3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about
91.5% water, wherein the percentages are by weight.

[0018] In another preferred embodiment of this invention the BOE solution is mixed with
oxidizer solution in a ratio of BOE/water/hydrogen peroxide of about 1/6/0.2. In another
preferred embodiment of this invention the BOE solution is mixed with oxidizer solution in a
ratio of BOE/water/hydrogen peroxide of about 1/6/0.8. In another preferred embodiment of
this invention the BOE solution is mixed with oxidizer solution in a ratio of

BOE/water/hydrogen peroxide of about 1/6/1.
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[0019] In still yet other preferred embodiments of this invention the embodiments comprise

one or more of the combinations of the aforementioned preferred embodiments.

[0020] In addition, the current invention can be used at a processing temperature of from about

20°C to about 40°C, which is lower than the current industry standard of 70°C.

DETAILED DESCRIPTION OF THE INVENTION
[0021] By this invention there is provided a method of treating a thin film amorphous or mono-
or multi- crystalline silicon wafer substrate for use in a photovoltaic cell to improve at least one
of (a) the sheet resistance of the wafer and (b) the power density of the photovoltaic cell made
from said wafer, the wafer substrate having a pn- or np junction and/or partial phosphosilicate
and/or borosilicate glass layer on a top surface of the wafer substrate, the method comprising
contacting the wafer substrate with an acidic treatment solution for a time and at a temperature
sufficient to increase at least one of (a) the sheet resistance and (b) power density of the
photovoltaic cell, the acidic treatment solution comprising:
a buffered oxide etch (BOE) solution of:

from about 0.1 to about 20% by weight of at least one tetraalkylammonium

hydroxide,

from about 0.1 to about 5% by weight acetic acid,

from about 0.1 to about 5% by weight of at least one non-ionic surfactant,

about 0.1 to about 5% by weight of at least one metal chelating agent,

from about 0.1 to about 20% by weight of a metal free source of ammonium

ions,

from about 0.01 to about 20% by weight of a metal free source of fluoride ions,

balance water to 100%,

mixed with oxidizer and optionally water in a ratio by volume of oxidizer/water/BOE

solution of 0.01-10/0-100/1. The wafer with the emitter is inclusive of both p- and n-

source silicon types.

While the treatment can increase either the sheet resistance of the wafer or the power density of
a photovoltaic cell made from said wafer it preferably increases both. Additionally, the

treatment may also increase the efficiency of a photovoltaic cell made from this wafer.

[0022]) Similarly, the invention provides a solution for treating a thin film amorphous or mono-
or multi- crystalline silicon wafer substrates for use in a photovoltaic cell to increase at least

one of (a) the sheet resistance of the wafer and (b) the power density level of the photovoltaic
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cell made from said wafer, the wafer substrate having a pn- or np junction and/or partial
phosphosilicate and/or borosilicate glass layer on a top surface of the wafer substrate, wherein
the acidic treatment solution comprises a mixture of:
a buffered oxide etch (BOE) solution of:
from about 0.1 to about 20% by weight of at least one
tetraalkylammonium hydroxide,
from about 0.1 to about 5 % by weight acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic
surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of
ammonium ions,
from about 0.01 to about 20% by weight of a metal free source of
fluoride ions,

balance water to 100%,

mixed with oxidizer and optionally water in a ratio of oxidizer/water/BOE solution of
0.01-10/0-100/1. The wafer with the emitter is inclusive of both p- and n- source

silicon types.

While the treatment can increase either the sheet resistance of the wafer or the power density of
the photovoltaic cell made from said wafer, it preferably increases both. Additionally, the

treatment may also increase the efficiency of a photovoltaic cell made from this wafer.

[0023] In the process of this invention the step employing the acidic treatment solution is utilized
on the photovoltaic cell wafer substrate after the phosphosilicate or borosilicate glass removal
(incomplete removal) with HF and just prior to another HF dip and subsequent AntiReflective
Coating (ARC), such as for example SiNxH deposition. The process comprises exposing the
wafer substrate to the acidic treatment solution, such as by immersing the wafer substrate in a
heated bath of the solution for a time and at a temperature sufficient to increase at least one of
(a) the sheet resistance of the wafer and (b) the power density of the photovoltaic cell made
from said wafer. The contact of the wafer substrate with the acidic treatment solution will
generally be for a period of from about 0.01 to about 20 minutes, preferably from about 0.5 to
about 5 minutes, and more preferably for about 1 minute. The temperature of the solution will

generally be of from about 20° C to less than about 70° C, preferably from about 20° C to about
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60° C, more preferably from about 20° to about 40° C, even more preferably at about 40°C.

[0024] Suitable for use in the acidic treatment compositions of this invention there may be
mentioned tetraalkylammonium hydroxides or salts of the formula [(R)sN"], [X™%], where each R
is independently a substituted or unsubstituted alkyl, preferably alkyl of from 1 to 22, and more
preferably 1 to 6, most preferably 1 carbon; and X=OH or a suitable salt anion, such as carbonate
and the like; p and q are equal and are integer of from 1 to 3. The most preferable of these are
tetramethyl ammonium hydroxide and trimethyl-2-hydroxyethyl ammonium hydroxide
(choline). Examples of other usable quaternary ammonium hydroxides include: trimethyl-3-
hydroxypropyl ammonium hydroxide, trimethyl-3-hydroxybutyl ammonium hydroxide,
trimethyl-4-hydroxybutyl ~ammonium  hydroxide, triethyl-2-hydroxyethyl ammonium
hydroxide, tripropyl-2-hydroxyethyl ammonium hydroxide, tributyl-2-hydroxyethyl ammonium
hydroxide, dimethylethyl-2-hydroxyethyl ammonium hydroxide, dimethyldi(2-hydroxyethyl)
ammonium hydroxide, monomethyltri(2-hydroxyethyl) ammonium hydroxide, tetraethyl
ammonium hydroxide, tetrapropyl ammonium hydroxide, tetrabutyl ammonium hydroxide,
monomethyltriethyl ammonium hydroxide, monomethyltripopyl ammonium hydroxide,
monomethyltributyl ammonium hydroxide, monoethyltrimethyl ammonium hydroxide,
monoethyltributyl ammonium  hydroxide, dimethyldiethyl ammonium  hydroxide,

dimethyldibutyl ammonium hydroxide, and the like and mixtures thereof.

[0025] The metal free source of ammonium ions can be any suitable metal free ammonium
salt, such as for example, ammonium hydroxide, ammonium fluoride, ammonium chloride,
ammonium nitrate and the like, but is preferably ammonium hydroxide. The metal free source
of fluoride ions can be any suitable metal free fluoride compound, such as for example,
hydrogen fluoride, ammonium fluoride, quaternary ammonium fluorides such as
tetramethylammonium fluoride. Preferably the metal free source of fluoride ions is HF. In
another preferred embodiment both the ammonium ions and the fluoride ions may be provided

by one compound, namely ammonium fluoride.

[0026] The acidic treatment compositions of this invention may contain any suitable nonionic
surfactant. Among the various suitable nonionic surfactant useful in the treatment
compositions of this invention there may be mentioned, for example, low foaming nonionic
surfactants such as alkynol surfactants, fluorinated surfactants such as fluorinated alkyl
alkoxylates such as Fluorad® FC-171, fluorinated alkylesters such as FC-430 and FC-431 and
fluorinated polyoxyethylene alkanols such as Fluorad® FC-170C, aliphatic acid esters of
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polyhydric alcohols, polyoxyethylene monoalkyl ethers, polyoxyethylene diols, siloxane type
surfactants and alkylene glycol monoalkyl ethers such as butoxypropanol. Preferred for use as
nonionic surfactants in the alkaline treatment compositions of this invention are alkynol
surfactants, especially 3,5-dimethylhex-1-yn-3-ol (Surfynol®-61) or any other Surfynol®
surfactant, fluorinated alkyl polyoxyethylene ethanols, especially Fluorad® FC-170C and

alkylene glycol monoalkyl ethers, especially butoxypropanol.

[0027] Any suitable metal chelating agents to increase the capacity of the formulation to retain
metals in solution may be employed in the acidic treatment compositions of this invention.
Typical examples of chelating agents for this purpose are the following organic acids and their
salts: ethylenediaminetetraacetic acid (EDTA), butylenediaminetetraacetic acid, cyclohexane-
1,2-diaminetetraacetic acid (CyDTA) diethylenetriaminepentaacetic acid,
ethylenediaminetetrapropionic acid, (hydroxyethyl)ethylenediaminetriacetic acid (HEDTA) ,
methyliminodiacetic acid, propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA), citric
acid, tartaric acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic
acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol, 8-hydroxyquinoline,

N,N,N',N'-ethylenediaminetetra (methylenephosphonic acid, and the like.

[0028] Any suitable oxidizing agent may be employed, such as, for example, oxidizing anions,
such as, for example, peroxides, nitric acid and its salts and nitrates, persulfate, periodate,
perbromate, perchlorate, iodate, bromate, and chlorate salts of ammonium. Preferred are

peroxides and particularly hydrogen peroxide.

[0029] The acidic treatment compositions of this invention may be produced by mixing the
required components in a suitable vessel to form the compositions. Preferably, the required
components of the composition are added to the vessel in a sequence of base/acid/base/acid in

order to minimize any possible heat from a reaction of the components.

[0030] In solar cell manufacturing, however, the product will have to etch not only silicon oxide,
but silicon and phosphorous as well. In order to achieve this, the BOE is combined with
hydrogen peroxide as an oxidizing agent. This implies that the BOE etches away silicon oxide,
whilst the oxidizing agent generates new silicon oxide on the surface, in a continued process of
etch-oxidation. In addition, the oxidizing agent oxidizes the phosphorous present in the layer,
thereby solubilizing it. The etched species (including, but not limited to metal impurities) are
partly kept in solution by the addition of a chelating agent, whereas the wettability of the surface

(i.e. the efficiency with which the oxidizing agent can oxidize the surface) is improved by the
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addition of a surfactant. The addition of acetic acid ensures a doubly buffered system, which aids

in process stability.

[0031] The invention is illustrated by, but not limited to, the following examples. In the

examples the percentages are by weight.

[0032] Example 1

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm” with a
thickness of about 180-200 um were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) an acidic treatment solution of this invention at 40° C, (2) the
prior art PV-160 solution at the 70° C required for such solution, or (3) no treatment solution as
a control. The acidic treatment solution of the invention comprised a BOE solution of about
3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about 0.8 %
3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about 91.5%
water. This BOE solution was mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/30% hydrogen peroxide solution of about 1/6/0.2. The prior art PV-160 solution
was also employed mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/30% hydrogen peroxide solution of about 1/6/0.2. Thereafter, the treated wafers
were subjected to a wet chemical treatment in a solution of HF of 1 percent by weight at room
temperature for 1 minute, followed by the usual customary photovoltaic manufacturing steps to
produce the desired photovoltaic cells. Electrode firing settings were kept constant whilst
processing the different groups and were set at the optimal firing setting for the prior art group.
The cells were the measured for their power density level (unit mW/cm?, defined as the product
of the short-circuit current density and the open circuit voltage, Jsc x Voc). The results are set

forth in the following Table 1.
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Table 1
Treatment Composition Short-circuit Open Power Increase in
current density circuit density Sheet
(Jsc) mA/cm voltage (JscxVoc) Resistance
(Voco) V mAV/cm? (Ohm/square)
Inventive Composition 33.37 0.607 20.25 5
PV-160 33.33 0.608 20.27 3
None 32.96 0.604 19.91 0
[0033] Example 2

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm® with a
thickness of about 180-200 um were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) a n acidic treatment solution of this invention at 40° C, (2) the
prior art PV-160 solution at the 70° C required for such solution. The treatment solution of the
invention comprised a BOE solution of about 3.1% tetramethylammonium hydroxide, about
1.2% acetic acid, about 2.1% HF, about 0.8 % 3,5-dimethylhex-1-yn-3-0l about 0.8%
ammonium hydroxide, about 0.6% EDTA, about 91.5% water. This BOE solution was mixed
with hydrogen peroxide oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide of
about 1/6/0.8. The prior art PV-160 solution was also employed mixed with hydrogen
peroxide oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide solution of about
1/6/0.2. Thereafter, the treated wafers were subjected to a wet chemical treatment in a
solution of HF of 1 percent by weight at room temperature for 1 minute, followed by the usual
customary photovoltaic manufacturing steps to produce the desired photovoltaic cells.
Electrode firing settings were kept constant whilst processing the different groups and were set
at the optimal firing setting for the prior art group. The cells were the measured for their power
density level (unit mW/cm? defined as the product of the short-circuit current density and the

open circuit voltage, Jsc x Voc). The results are set forth in the following Table 2.



WO 2010/081661 PCT/EP2010/000076

11
Table 2
Treatment Short-circuit current | Open circuit Power Increase in Sheet
Composition density (Jsc) voltage density Resistance
mA/cm? (Voc) V (JsexVoc) (Ohm/square)
mAV/cm?
Inventive Composition 33.50 0.600 20.10 8.5
PV-160 33.33 0.598 19.93 1.5
[0034] Example 3

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm’ with a
thickness of about 180-200 um were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) an acidic treatment solution of this invention at 25°C, 30°C and
40° C, (2) the prior art PV-160 solution at the 70° C required for such solution, or (3) no
solution as a control. The acidic treatment solution of the invention comprised a BOE solution
of about 3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about
0.8 % 3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about
91.5% water. This BOE solution was mixed with hydrogen peroxide oxidizer solution in a
ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/1. The prior art PV-160
solution was also employed mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/hydrogen peroxide solution of about 1/6/0.2. Thereafter, the treated wafers were
subjected to a wet chemical treatment in a solution of HF of 1 percent by weight at room
temperature for 1 minute, followed by the usual customary photovoltaic manufacturing steps to
produce the desired photovoltaic cells. Electrode firing settings were kept constant while
processing the different groups and were set at the optimal firing setting for the prior art group.

The results are set forth in the following Table 3.
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Table 3
Treatment Efficiency Open-  Short-  Fill Mean Increase in
Composition (%) Circuit  Circuit  Factor pgwer Sheet
Voltage Current (%) density Resistance
(Voc) V. Density (JsexVoc) ~ (Ohm/square)
(sc) mAV/cm’
mA/cm
PV-160 14.74 0.60 7.93 74.81 4.80 1.10
None 14.75 0.60 789  75.55 4.75 0.70
Inventive
Composition
at 25°C 14.86 0.60 7.91 75.58 4.78 1.80
Inventive
Composition
at 30°C 14.71 0.60 7.91 74.85 4.78 2.20
Inventive
Composition
at40°C 14.74 0.61 794 7456 4.81 4.50

[0035] As shown by the results the composition of this invention increased the sheet resistance
and/or power density level of the cell significantly over the control. By changing the mixing
ratio, notably by increasing the amount of hydrogen peroxide, the composition of this invention
showed equal or superior power density compared to the PV-160. However, the composition
of this invention was able to do so in a temperature range of 20° C to 40° C whereas the PV-
160 composition required a temperature of 70° C to do that.

[0036] While the invention has been described herein with reference to the specific
embodiments thereof, it will be appreciated that changes, modification and variations can be
made without departing from the spirit and scope of the inventive concept disclosed herein.
Accordingly, it is intended to embrace all such changes, modification and variations that fall

with the spirit and scope of the appended claims.
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CLAIMS

A method of treating a thin film amorphous or mono- or multi- crystalline silicon
wafer substrate for use in a photovoltaic cell, the wafer substrate having at least one of
a pn- or np junction and a partial phosphosilicate or borosilicate glass layer on a top
surface of the wafer substrate, to increase at least one of (a) the sheet resistance and (b)
the power density of the photovoltaic cell, the method comprising contacting the wafer
substrate with -an acidic treatment solution for a time and at a temperature sufficient to
increase at least one of (a) the sheet resistance of the wafer and (b) the power density of
the photovoltaic cell made from said wafer, the acidic treatment solution comprising;:
a buffered oxide etch (BOE) solution of:

from about 0.1 to about 20% by weight of at least one tetraalkylammonium

hydroxide,

from about 0.1 to about 5 % by weight acetic acid,

from about 0.1 to about 5% by weight of at least one non-ionic surfactant,

about 0.1 to about 5% by weight of at least one metal chelating agent,

from about 0.1 to about 20% by weight of a metal free source of ammonia ions,

from about 0.01 to about 20% by weight of a metal free source of fluoride ions,

balance water to 100%,
mixed with a solution of oxidizer and optionally water in a ratio of oxidizer solution

/water/BOE solution of 0.01-10/0-100/1.

A method according to claim 1 wherein the treatment occurs at a temperature of from

about 20° to about 70° C.

A method according to claim 1 or 2 wherein BOE solution has a pH of from about 3 to

about 6.

A method according to claim 3 wherein the BOE solution has a pH of from about 4.3 to

about 5.

A method according to any preceding claim wherein the oxidizer solution comprises

hydrogen peroxide.
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A method according to any preceding claim wherein the BOE solution comprises
tetramethylammonium hydroxide as the tetraalkylammonium hydroxide, 3,5-
dimethylhex-1-yn-3-ol as the at least one surfactant, and EDTA as the at least one metal

chelating agent, and the oxidizer solution comprises hydrogen peroxide and water.

A method according to claim 6 wherein the BOE solution comprises about 3.1%
tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about 0.8 %
3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about

91.5% water.

A method according to claim 7 wherein the BOE solution is mixed with oxidiser

solution in a ratio of BOE/water/30% hydrogen peroxide in the range 1/6/0.2-1.0

A method according to claim 7 wherein the BOE solution is mixed with oxidizer

solution in a ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/0.2.

A method according to claim 7 wherein the BOE solution is mixed with oxidizer

solution in a ratio of BOE/water/ 30% hydrogen peroxide solution of about 1/6/0.8.

A method according to claim 7 wherein the BOE solution is mixed with oxidizer

solution in a ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/1.

A method according to claim 9 wherein the treatment occurs at a temperature of from

about 20° to about 70° C.

A method according to any preceding claim wherein the treatment also improves the

efficiency of a photovoltaic cell made from this wafer.

An acidic treatment solution for treating a thin film amorphous or mono- or multi-
crystalline silicon wafer substrates for use in a photovoltaic cell, the wafer substrate
having at least one of a pn- or np junction and a partial phosphosilicate or borosilicate

glass layer on a top surface of the wafer substrate, to increase at least one of (a) the
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sheet resistance of the wafer and (b) the power density of the photovoltaic cell made
from said wafer, the acidic treatment solution comprising a mixture of:
a buffered oxide etch (BOE) solution of:
from about 0.1 to about 20% by weight of at least one
tetraalkylammonium hydroxide,
from about 0.1 to about 5 % by weight acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic
surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of
ammonia ions,
from about 0.01 to about 20% by weight of a metal free source of
fluoride ions,
balance water to 100%,
mixed with a solution of oxidizer and optionally water in a ratio of oxidizer

solution/water/BOE solution of 0.01-10/0-100/1.

An acidic treatment solution according to claim 14 wherein BOE solution has a pH of

from about 3 to about 6.

An acidic treatment solution according to claim 15 wherein the BOE solution has a pH

of from about 4.3 to about 5.

An acidic treatment solution according to any of claims 14 to 15 wherein the oxidizer

solution comprises hydrogen peroxide.

An acidic treatment solution according to claim 14 to 17 wherein the BOE solution
comprises tetramethylammonium hydroxide as the tetraalkylammonium hydroxide, 3,5-
dimethylhex-1-yn-3-ol as the at least one surfactant, and EDTA as the at least one metal

chelating agent, and the oxidizer solution comprises hydrogen peroxide and water.

An acidic treatment solution according to claim 18 wherein the BOE solution

comprises about 3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about
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2.1% HF, about 0.8 % 3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide,
about 0.6% EDTA, about 91.5% water.

An acidic treatment solution according to claim 19 wherein the BOE solution is mixed
with the oxidiser solution in a ratio of BOE/water/30% hydrogen peroxide solution

within the range 1/6/0.2-1.0.

An acidic treatment solution according to claim 19 wherein the BOE solution is mixed
with oxidizer solution in a ratio of BOE/water/ 30% hydrogen peroxide solution of

about 1/6/0.2.

An acidic treatment solution according to claim 19 wherein the BOE solution is mixed
with oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide solution of

about 1/6/0.8.

An acidic treatment solution according to claim 19 wherein the BOE solution is mixed
with oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide solution of

about 1/6/1.



