
WO 2010/081661PC' 'T 010/000076 SOLUTION FOR INCREASING WAFER SHEET
RESISTANCE AND/OR PHOTOVOLTAIC CELL POWER DENSITY LEVEL HELD OF THE
INVENTION [00011 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 pa- or np junction and a partial phosphosilicate or borosilicate glass
layer on a tap 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 100021 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.
Alter the thermal drive-in process, the phosphorous depth profile shows a
plateau of high-concentration extending from the surface to several lens or
hundreds of nanometers deep, depending on process conditions. Ideally, the
concentration near the surface would be high (i.e. atorns/cm3) in order to
be able to contact the electrodes well. [00031 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 Mier the phosphorous diffusion, which removes the PSG
layer by dipping the wafer in HE, 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 Wiallinckrodt
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  WO 20101081661PCIAP2,0100}00{P76 bath (70C or
higher) of the product 10004i 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 100051 In a first embodiment the
invention provides a method of treating a thin film amorphous or mono- or
multi- crystalline silicon wafer subs/rate for use in a photovoltaic cell
to increase at least one of (a) the sheet resistance of the wafer and (h)
the power density of the photovoltaic cell made from the wafer, the wafer
substrate having a pn- or no junction and/or partial phosphosilicate
arid/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 ol. from about 0.1 to about
20% by weight of at least one tetraalkyiammonium 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 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
oNiclizer and optionally water in a ratio by volume of oxidizer/water/ROE
solution of 0.01-10/0- [00/). 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. l00061 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  WO 2010/0514161PC17EP2010/000076 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 pit- or im junction and/or partial phosphosilicate
arictior borosilicate glass layer on a top surface of the wafer substrate,
wherein the acidic tceatinent 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 tetraalky !ammonium hydroxide, from about 0,1 to about 5 % by
weight acetic acid, from about 0.] to about 5% by weight of at least one
non-ionie surfactant, about 0.1 to about 5% by weight of at least one metal
chelanng 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 tsvater/BOE solution
of 0.01-1010-100R. The wafer with the emitter is inclusive of both p- and
n- source silicon types. [00071 In both of these embodimenis the amount by
weight of the teraalky]atranonium chloride in the HOE solution is
preferably 0,5 to 15%, more preferably I to 10%, still more preferably 1.5
to 8%, and most preferably 2 to 4%, and especially 3.1%. V10081 The amount
by weight of acetic acid is preferably 0.5 to 4%, more preferably 0.8 to
3%, still more preferably I to 2%, most preferably I to 1.5%, and
especially 1-2%. 10009j 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%. [001.0) For
the chelating agent the amount by weight is preferably 0.2 to 4%, more
preferably 03 to 3%, still more preferably 0.4 to 1%, most preferably 0.5
to 0,8%, and especially 0,6%.  WO 2010011661PC T/EP2010/000076 4 1{10111
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%, 



[00121 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%, MOSE
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 or a
photovoitaic 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 200 to
less than 70 C.  100141 In another preferred embodiment of this invention
the DOE 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. 100151 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 tetramethylamtnonitini hydroxide as the
tetraalkylainrnoniuni hydroxide, 3,5-dimethythex-1- yrt-3-ol as the at
least one surfactant, and EDTA as the at least one metal ehelating agent,
and the oxidizer solution comprises hydrogen peroxide and water. 00171 In
yet another preferred embodiment of this invention the BOE solution
comprises about 3,1% tetramethylammortian hydroxide, about 1.2% acetic
acid, about 2.1% HT, about 0.8 % 3,5-dirnethy1hex-1-yn-3-ol about 0,8%
ammonium hydroxide, about 0,6% EDTA, about 91.5% water, wherein the
percentages are by weight. 100181 In another preferred embodiment of this
invention the DOE solution is mixed with oxidizer solution in a ratio of
DOE/water/hydrogen peroxide of about 1/6/0,2. In another preferred
embodiment of this invention the DOE solution is mixed with oxidizer
solution in a ratio of DOE/water/hydrogen peroxide of about 1/6/0.8. In
another preferred embodiment of this invention the DOE solution is mixed
with oxidizer solution in a ratio of DOE/water/hydrogen peroxide of about 1
/6/I .  111,50ifi 611'CPEP2.010/000076 5 100191 in still yet other
preferred embodiments of this invention the embodiments coniprise one or
more of the combinations of the aforementioned preferred embodiments.
100201 In addition, the current. invention can be used at a processing
temperature of from about 20C to about 40C, which is lower than the current
industry standard of 70C. DETAILED DESCRIPTION OF THE INVENTION 100211 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 3 pm or up 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 (HOE) solution of: from about 0.1 to about 20% by weight of at
least one tetraalkylarnmortiurn 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
nonionic 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/HOE 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 if
preferably increases both. Additionally, the treatment may also increase
the efficiency of a photovoltaic cell made from this wafer, [00221
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  WO
20101081661PCT11220/0 )0076 cell made from said wafer, the wafer substrate
having a .pn- or np junction andior 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 oxidizerlwater/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 die 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. 100231 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 HE and just prior to another I-1F dip and
subsequent AntiReflective Coating (ARC), such as for example SiNxti
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 he of from about 20C to less
than about 70 C, preferably from about 20 C to about  WO
20101081661PCPEP2010/00076 60C, more preferably from about 200 to about
400C, even more preferably at about 40C. [00241 Suitable for use in the
acidic treatment compositions of this invention there may be mentioned
letraalkylanmionium hydroxides or salts of the formula 11(12)41'41p PC1,
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 I carbon; and X=OEI 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 tetrainethyl ammonium hydroxide and
trimethyl-2-hydroxyethy1 ammonium hydroxide (c.holine). Examples of other
usable quaternary ammonium hydroxides include: trimeth,y1-3- hydroxypropyl
ammonium hydroxide, trirriethyl-3-hydroxybutyl ammoniuni hydroxide,
trimethy1-4-hydroxybutyl ammonium hydroxide, triethy1-2-hydroxyethyl
ammonium hydroxide, tripropy1-2-hydroxyethyl ammonium hydroxide,
tributy1-2-hydroxyethyl ammonium hydroxide, dimethylethy1-2-hydroxyethyl
ammonium hydroxide, dirnethyldi(2-hydroxyethyp ammonium hydroxide,
moriornethyltri(2-hydroxyethyl) ammonium hydroxide, tetraethyl ammonium
hydroxide, tetrapropy! ammonium hydroxide, tetrabutyl ammonium hydroxide,
monomethyltriethyl ammonium hydroxide, monomethyltripopyl ammonium
hydroxide, monomethy/tributyl ammonium hydroxide, monoethyltrimethyl
ammonium hydroxide, monoethyltributy! ammonium hydroxide, dimethyldiethyl
ammonium hydroxide, dimethykiibutyl ammonium hydroxide, and the like and
mixtures thereof. W0251 The metal free source of ammonium ions can be any
suitable metal free ammonium salt, such as for xample, 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, aBliSiOni31111 fluoride, quaternary ammonium fluorides
such as tetramethylammonium fluoride. Preferably the metal free source of
fluoride ions is HP, in another preferred embodiment both the ammonium ions
and the fluoride ions may be provided by one compound, namely ammonium
fluoride. 



100261 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 Fluorade FC-] 71, fluorinated alkylesters such as FC-430 and FC-431
and fluorinated polyoxyethylene alkanols such as Fluorad(r) FC-170C,
aliphatic acid esters of  WO 70 10/081661.PCT/EPNI 0 MON polyhydric
alcohols, polyoxyethylene monoalkyl ethers, polyoxyerhylene diols, silexane
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-dimethylliex-1-ym3-ol (Surfyrio10-61.) or any other
Sur1)9101(r) surfactant, fluorinated alkyl potyoxyethylene e:thanols,
especially fluoradt 17C-170C and alkyiene glycol monoalkyl ethers,
especially butoxypropanol. 100271 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 chelatin2 agents for this purpose are the following organic
acids and their salts: ethylenediaminetettaacetic acid (17.)TA),
butylenediaminetetraacetic acid, c,yelohexaneI ,2-tharnineletraacetie acid
(CyDTA) diethylenetriaminepentaacetic acid, ethylenetharninetetrapropionic
acid, (hydroxyethypethylenediaminetriacetic acid (FIEDTA) ,
methylimincidiacetic acid, propylenediaminetetraacetic acid,
nitrolotriacetic acid (NTA), citric acid, tartaric acid, giuconic acid,
saccharic acid, glyccrie acid, oxalic acid, pinhalic acid, rnaleic acid,
inandelie acid, malonic acid, lactic acid, salicylic acid, catecbol,
8-hydroxyquinoline, N,N,N,N-ethylenediarninetetra Onethylenephosphonic
acid, and the like.  /00281 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, petsulfate, periodate, perbromate,
perehlorate, iodate, bromate, and chlorate sails of aM1110thiM31. Preferred
are peroxides and particularly hydrogen peroxide, [00291 The acidic
treatment compositions of this invention may be produced by mixing the
requited components in a suitable vessel to form the compositions.
Preferably, the required components of the eotnposiiion are added lo the
vessel in a sequence of base/acid/base/acid in order to minimize any
possible beat from a reaction of the components. [0030) In solar cell
manufacturing, however, the product will have to eich 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 kepi 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  WO 20101081ti5lPCPEP20101000076 9 addition
of a surfactant, The addition of acetic acid ensures a doubly buffered
system, which aids in process stability. 100311 The invention is
illustrated by, but not limited to, the following examples, in the examples
the percentages are by weight, 10032lExample 1  A set o125 neighboring
multi-crystalline silicon wafers of a size of about 15.6 x 15.6 crn2 with a
thickness of about 180-200 pm were processed in an industrial type in-line
photovoltaic cell manufacturing sequence. After emitter deposition and
phosphorous glass removal with ITF, the wafers with a partial
phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (I) an acidic treatment solution of this
invention at 40C. (2) the prior art PV-I60 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 BOB solution of about 3.1%
tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% E1F,
about 0.8 tl1) 3,5-dirnethylbex-1-yn-3-ol about 0.8% ammonium hydroxide,
about 0.6% EDTA, about 91.5% water. This ROE solution was mixed with
hydrogen peroxide oxidizer solution in a ratio of BOB/water/30% hydrogen
peroxide solution of about 1/6/0.2. The prior art PV160 solution was also
employed mixed with hydrogen peroxide oxidizer solution in a ratio of
BOEJwater/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
hll'i.11.3 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 vs.rere kept constant whilst
processing the different groups and were so at the optimal firing setting
for the prior art group. The cells were the measured for their power
density level (unit rnliki/crni., defined as the product of the
short-circuit current density and the open circuit voltage, Ise x 'foe).
The results are set forth in the following Table I.  WO
2010/08160PCTIEP2010/000076 10 Table Treatment Composition Short-circuit
Open 



Power increase in  current densi circuit density Sheet  (Ise) rnA/cm
voltage (JscxVoc) Resistance   (Voc) V mAVicrri2 (Ohmisquare) Inventive
Composition 33.37 0.60720.25  PV-160 



33.33 0.608 120.27  None 32.96 0.604 19.910 [00331FAarirtple 2   A set of
25 neighboring muhi-ctystaUine silicon wafers of a size of about 15.6 x
15.6 cm? with a thickness of about 180-200 pirn were processed in an
industrial type in-line photovoltaic cell manufacturing sequence. After
emitter deposition and phosphorous glass removal with HP, 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 700 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% HE, about 0.8 %
3,5-dimethylhex-1-yn-3-01 about 0.8% arinnonium hydroxide, about 0.6% EDT&
about 91.5% water. This ROE 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 whh hydrogen
peroxide oxidizer solution in a ratio of BOE/water130% hydrogen peroxide
solution of about 3/6/0.2. Thereafter, the treated wafers were subjected to
a wet chemical treatment in a solution of 14F of 1 percent by weight at
room temperature fox 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 rnW/crri2,
defined as the product of the shrift-circuit current density and the open
circuit yoltag,e, Ise x Voe). The results are set forth in the following
Table 2.  WO 20101081661PCTIF.P2010/00007ii Table 2  Treatment
Short-circuit current Open circuit PowerIncrease in Sheet Composition
density ()se) voltage 



density Resistance  rnAlcin? (Voc) V (JscxVoc) ro.A.V/e m2 (Ohm/square)
10034JExample 3 A set of 25 neighboring multi-ctystaliine silicon wafers of
a size of about 15.6 x 15.6 en-t2 with a thickness of about 180-200 urn
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 priosphosiiicate glass layer on
a top surface of the Wafer substrates, the wafers were contacted with (I)
an acidic treatment solution of this invention ai 25C, 30C and 40 C, (2)
the prior an 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 BOB solution of about 3.1% tetramethy [ammonium hydroxide,
about !.2% acetic acid, about 2.1% fiF, about 0.8 %
3,5-dimethylhex-1-yn-3-ot about 0.8% ammonittm hydroxide, about 0.6% EDTA,
about 91.5% water. This BOB solution was mixed with hydrogen peroxide
oxidizer solution in a ratio of 130E/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/waterihydrogen
peroxide solution of about 1/6/0.2. Thereafter, the treated wafers were
subjected to a wet chemical treatment in a solution of F1F 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.  WO 2610/0 661  Table 3
PC1/102010/000076 Treatment Efficiency Open- Short- 



Fill Mean increase in  Composition (%) Circuit Circuit Factor Power Sheet
Voltage Current (%) density Resistance    



(Voc) V Density (Jsc)  mAic tn2  (.1sexVoc) mAV/crgil (Ohm/square)   PV-160
14.74 0.60 7.93 14.81 4.80 MO  ,r_ 1  None   



1435 0.60 7.89 75.55  4.75 0.70   Inventive       



Composition         I  at 25C  14.86 0.60 7.91 75.58 1.78 1,80   Inventive



Composition at 30C  inventive 1431 0.60 7.91 74.85 4.78 2.20   Composition
at 40t 14.74  0.61  7,94 74 56 4.81 



4.50   [09351 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. Hy 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 PL.- 160 composition required
a temperature of 70 C to do that. [00361 While the invention has been
described herein with reference to the specific embodiments thereof, it
will he 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.  13 CLAIMS       A method of treating a thin film
amorphous or mono- or multi- crystalline silicon wafer substrate for use in
a photovoltaic eel!, the wafer substrate having at least one of a pa - or
up junction and a partial phosphosilicate or borosilicate glass layer on a
top surface of the wafer substrate, to increase at least one of() 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 cheiaiing 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%, solution of oxidizer and optionallyratio of oxidizer solution r/B011,
solution Of 0.01-10/0-100/1.       A method accordion to claim I wherein
the treatment occurs at a temperature of from about 20' to about 70 C.  3.
A method according to claim I wherein I3OL solution has a phi of from about
3 to about 6.  4. A method according to claim 3 wherein the POE solution
has a p of from about 4,3 to about 5. 



5. A method according to claim 1 wherein the oxidizer solution comprises
hydrogen peroxide,  14  6. A method according to claim 1 wherein the HOE
solution comprises tetramethylammoniurn hydroxide as the tetraalkylammonium
hydroxide, 3,5- di ethythex-iyn-3-ol as the at least one surfactant, and
EDTA as the at least one metal &elating agent, and the oxidizer solution
comprises hydrogen peroxide and water.  7. A method according to claim 6
wherein the HOE solution comprises about 11% tetramethylammonium hydroxide,
about 1.2% acetic acid, about 2.1% FEE, about U.S % 3,5-
dimethylhex.-1-yri-3-ol about 0.8% ammonium hydroxide, about 0.6% EDIA,
about 91.5% water.  8. A method according to claim 7 wherein the ROE
solution is mixed with oxidise solution in a ratio off30E/water/30%
hydrogen peroxide in the range 1/6/0.2-1.0  9. A method according to claim
7 wherein the HOE solution is mixed with oxidizer solution in a ratio of
ROE/water/30% hydrogen peroxide solution of about 1/6/0.8,  10. A method
according to claim 7 wherein the HOE solution is mixed witidizer solution
in a ratio of BOE/wateil 3094 hydrogen peroxide solution of about 1/6/1,
11,A method according to claim 7 wherein the HOE solution is mixed with
oxidizer solution in a ratio of BOElwater/30% hydrogen peroxide solution of
about 1.16/0.2.  12. A method according to claim 11 wherein the reatmera
occurs at a temperature of from about 20 to about 70 C.  13. A method
according to claim 1 wherein the treatment also improves the efficiency of
a photovoltaic cell made from this wafer.  14. 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 rip,i unctilm and a partial phosphosilicate or
horosilicate glass layer on a top surface of the wafer substrate, to
increase at least one of (a) the  its sheet resistance of the wafer and (b)
the power density of the photovoltaic eell made from said wafer, the acidic
treatment solution comprising a mixture of: a buffered oxide etch (BEE)
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 a.boui 0.1 to about 20% by weight of a metal free source of
ammonia Ions, from about 0,01 to about 0% by weight of a metal free source
of fluoride ons, 



balance water to 100%, mixed with a solution of oxidizer and optionally
water in a ratio of oxidiz SO I utionlwateriBOE solution of
0.01-10/0-100/1.  15. An acidic treatment solution according to claim 14
wherein the oxidizer solution comprises hydrogen peroxide.  16. An acidic
treatment solution according to claim 14 wherein BOE solution has a pH of
from about :3 to about 6.  17. An acidic treatment solution according to
claim 16 wherein the ROE solution has a p11 of from about 4.3 to about S.
18. An acidic treatment solution according to claims 14 wherein the ROE
solution comprises fetramethylammoniuin hydroxide as the tetraaikylammonium
hydroxide, 3,5- dimethylhex-i-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.  19. An acidic treatment solution
according to claim IS wherein the ROE solution comprises about 3.1 %
tetramethylarinnonium hydroxide, about 1.2% acetic acid, about  16 2,1% HE
about 0.85.t, 3,5-dimedw1hex4-yri-3-ol about 0.8% ammonium hydroxide, about
0,6% EDTA, about 91.5% water.  20. An acidic treatment solution according
to claim 19 wherein the HOE solution is mixed with the oxidiser solution in
a ratio of B0E/water/30% hydrogen peroxide solution within the range
1/6/0.2-1.0.  21. An acidic treatment solution according to claim 19
wherein the BOB solution is mixed with oxidizer solution in a ratio of
BOB/water! 30% hydrogen peroxide solution of about 1/6/0.2.       An acidic
treatment solution according to claim 19 wherein the HOE solution is mixed
with oxidizer solution in a ratio of BOK/water/30% hydrogen peroxide
solution of about 1/6/0.8. 23.An acidic treatment solution according to
claim 19 wherein the BOB solution is mixed with oxidizer solution in a
ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/1, 


