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ABSTRACT 

This invention provides an etching composition comprising 
one or more onium salts selected from the group consisting of 
iodonium salts and Sulfonium and an organic medium. Also 
provided is a method of making a photovoltaic cell that uses 
the etching composition to etch the anti-reflection coating and 
a photovoltaic cell made by this method. 
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ETCHING COMPOSITION AND ITS USE INA 
METHOD OF MAKING A PHOTOVOLTAC 

CELL 

FIELD OF THE INVENTION 

0001. This invention is directed to an etching composition 
for etching the anti-reflection coating (ARC) on a photovol 
taic cell. It is also directed to a method for making a photo 
Voltaic cell using the etching composition to etch the ARC 
and to photovoltaic cells made by the method. 

TECHNICAL BACKGROUND OF THE 
INVENTION 

0002. A conventional photovoltaic cell structure with a 
p-type base has a negative electrode that is typically on the 
front side, i.e., Sun side or illuminated side, of the cell and a 
positive electrode on the back side. Radiation of an appropri 
ate wavelength falling on a p-n junction of a photovoltaic cell 
serves as a Source of external energy to generate hole-electron 
pairs in that device. Because of the potential difference which 
exists at a p-n junction, holes and electrons move across the 
junction in opposite directions and thereby give rise to the 
flow of an electric current that is capable of delivering power 
to an external circuit. Most photovoltaic cells are in the form of 
a silicon wafer that has been metalized, i.e., provided with 
metal contacts that are electrically conductive. 
0003 Most electric power-generating solar cells currently 
used are silicon Solar cells. Process flow in mass production is 
generally aimed at achieving maximum simplification and 
minimizing manufacturing costs. Electrodes in particular are 
made by using a method Such as Screen printing a metal paste 
and Subsequent firing. 
0004 Typically, an anti-reflection coating (ARC) is 
formed on the front side of a solar cell. Exemplary anti 
reflection coating materials useful in the methods and devices 
described herein include, but are not limited to: silicon 
nitride, silicon oxide, titanium oxide, SiN.H., hydrogenated 
amorphous silicon nitride, and silicon oxide/titanium oxide 
film. The coating can be formed by plasma enhanced chemi 
cal vapor deposition (PECVD), chemical vapor deposition 
(CVD), thermal CVD or other known techniques. In an 
embodiment in which the coating is silicon nitride, the silicon 
nitride film can be formed by low pressure CVD, PECVD, 
thermal CVD, or physical vapor deposition (PVD). In an 
embodiment in which the insulating film is silicon oxide, the 
silicon oxide film can be formed by thermal oxidation, ther 
mal CVD, plasma CVD, or PVD. 
0005 For acceptable performance the front side electrode 
must make good electrical contact with the silicon cell Surface 
adjacent to the anti-reflection coating. Two approaches have 
been used to accomplish this contact. One approach has been 
to deposit a front electrode-forming electrically conducting 
paste, e.g., a silver paste, onto the ARC. During firing the 
silver paste sinters and penetrates through the ARC and the 
front electrode so made is thereby able to make electrical 
contact with the silicon cell. Alternatively, the ARC has been 
etched in the portions where the electrode is to make contact 
with the silicon cell. The silver paste is then deposited into 
those portions and fired to form the electrode. Etching has 
been accomplished by using lasers which is expensive and by 
using etching compositions such as isishape Solaretch(R) 
products available from Merck KGaA, Darmstadt, Germany. 
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0006. There is a need for a non-corrosive etching compo 
sition that can remove selected portions of an anti-reflection 
coating and particularly for Such a composition that is both 
thermal and UV curable. 

SUMMARY OF THE INVENTION 

0007. This invention provides an etching composition 
comprising: 

0008 a) one or more onium salts selected from the 
group consisting of iodonium salts and Sulfonium salts; 
and 

0009 b) an organic medium, 
wherein the one or more onium salts are dispersed or dis 
Solved in the organic medium. 
0010. In one embodiment the iodonium salts are diary1 
iodonium salts. In another embodiment the Sulfonium salts 
are triaryl Sulfonium salts. 
0011. The etching composition can be cured either by 
exposure to photovoltaic cell firing conditions or by exposure 
to UV light. 
0012. The etching composition can be used to etch the 
anti-reflection coating of a photovoltaic cell and thereby pro 
vide direct physical contact for the front electrode paste, and 
after firing for the front side electrode, with the silicon cell 
Surface adjacent to the anti-reflection coating. This provides 
good electrical contact of the front electrode with the silicon 
cell. 
(0013. In addition, there is provided a method of making a 
photovoltaic cell, comprising the steps of 

0.014) a) providing a silicon substrate with a diffusion 
layer on the front side of the silicon substrate and an 
anti-reflection coating Superimposed on the Surface of 
the diffusion layer; 

0015 b) providing an etching composition, comprising: 
0016 i) one or more onium salts selected from the 
group consisting of iodonium salts and Sulfonium 
salts; and 

0017 ii) an organic medium, 
0.018 wherein the one or more onium salts are dispersed 
or dissolved in the organic medium, 

0.019 c) depositing said etching composition onto those 
portions of the anti-reflection coating that are to be 
etched; and 

0020 d) curing the etching composition to thereby 
remove the portions of the anti-reflection coating to pro 
vide exposed surface of the diffusion layer to serve as the 
contact for a front side electrode. 

0021. Also provided is the above method further compris 
ing the steps of 

0022 e) depositing a front side electrode-forming paste 
onto the exposed surface of the diffusion layer; and 

0023 f) firing the front side electrode-forming paste to 
form a front side electrode. 

0024. Also provided is a photovoltaic cell produced by the 
above process. 

BRIEF DESCRIPTION OF THE FIGURES 

0025 FIG. 1 is a process flow diagram illustrating the 
fabrication of a semiconductor device. Reference numerals 
shown in FIG. 1 are explained below: 

0026 10: p-type silicon substrate 
0027) 20: n-type diffusion layer 
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0028 30: ARC, e.g., silicon nitride film, titanium oxide 
film, or silicon oxide film 

(0029 40: p-- layer (back surface field, BSF) 
0030) 60: aluminum paste formed on back side 
0031 61: aluminum back electrode obtained by firing 
back side aluminum paste 60 

0032 70: silver or silver/aluminum paste formed on 
back side 

0033 71: silver or silver/aluminum back electrode 
obtained by firing back side silver paste 

0034 500: etching composition on ARC 
0035 600: access region to n-type diffusion layer pro 
vided by etching 

0036 700: front side electrode-forming paste deposited 
in access region 

0037 701: front side electrode obtained by firing front 
side silver paste 700 

0038 FIG. 2 shows the etched pattern provided by UV 
cured etching composition in Example 

DETAILED DESCRIPTION OF THE INVENTION 

0039. This invention provides an etching composition 
comprised of one or more onium salts dispersed or dissolved 
in an organic medium. The one or more onium salts are 
selected from the group consisting of iodonium salts and 
Sulfonium salts. The composition is cured to activate the 
etching properties of the onium salts and etch the desired 
portions of the material to be etched, e.g., the anti-reflective 
coating of a photovoltaic cell. The etching can occur by 
thermal processing under photovoltaic firing conditions or by 
exposure to UV light. UV curing is especially advantageous 
in connection with thin film photovoltaic cells. 

Onium Salts 

0040. The onium salts are selected selected from the group 
consisting of iodonium salts and Sulfonium salts. In some 
embodiments of the composition the iodonium salts are diary1 
iodonium salts with the structure I 

and the sulfonium salts are triaryl sulfonium salts with the 
structure II 

II 

wherein, in both structures, for example, X=SbF, PF, BPha, 
CFSO, or (CFSO)C and R. RandR are independently 
H, an alkyl group or an aryl group. 
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0041) Specific, but non-limiting, examples of useful iodo 
nium and sulfonium salts are bis(4-tert-butylphenyl)iodo 
nium hexafluorophosphate, bis(4-tert-butylphenyl)iodonium 
hexafluoroantimonate, bis(4-tert-butylphenyl)iodonium tri 
flate, bis(4-tert-butylphenyl)iodonium camphorsulfonate, bis 
(4-tert-butylphenyl)iodonium tosylate, 4-(octyloxy)phenyl 
phenyl iodonium hexafluorophosphate, 4-(octyloxy)phenyl 
phenyl iodonium hexafluoroantimonate, triphenyl Sulfonium 
hexafluoroantimonate, triphenylhexafluorophosphate, UVA 
CURE(R) 1600 (phenyl-p-octyloxyphenyl-iodonium 
hexafluoroantimonate obtained from Cytec Industries, 
Smyrna, Ga.), Ciba RIrgacure(R250 (a 75% solution of iodo 
nium, (4-methylphenyl)-4-(2 methylpropyl)phenylheax 
afluorophosphate in propylene carbonate obtained from Ciba 
Specialty Chemicals, BASF) and triphenylsulfonium per 
fluoro-1-butane sulfonate (TPS-inf). 
0042. The onium salts are stable at typical storage tem 
peratures. A few parts per million of a stabilizer can prevent 
pre-mature decomposition of onium salts. The iodonium salts 
and Sulfonium salts are not corrosive and many are TSCA 
(Toxic Substance Control Act) registered in the United States. 
Organic Medium 
0043. The one or more onium salts are dispersed or dis 
Solved in an organic medium by mechanical mixing to form 
Viscous compositions called “pastes', having Suitable consis 
tency and rheology for printing. The organic medium may 
include a wide variety of inert Viscous materials. In one 
embodiment, the organic medium includes carbon black 
powder to adjust the viscosity and thereby limit the spread of 
the paste. The resulting lines have better definition. The 
organic medium is one in which onium salts are dispersible or 
dissolvable with an adequate degree of stability. The rheo 
logical properties of the medium may lend good application 
properties to the composition, including: appropriate viscos 
ity and thixotropy for the particular method of depositing the 
etching composition, e.g., screen printing, appropriate wet 
ability of the material to be etched and a good drying rate. 
0044. In one embodiment, the organic medium used in the 
etching composition of the present invention is a non-aqueous 
inert liquid. The use of various organic media, which may or 
may not contain thickeners, stabilizers and/or other common 
additives, is contemplated. The organic medium can be a 
Solution of polymer(s) in solvent(s). In one embodiment, the 
polymer is a polymethacrylate of lower alcohols. In another 
embodiment, the polymer is ethyl cellulose. In addition, the 
organic vehicle may include Volatile liquids for promoting 
rapid hardening after application on the Substrate. 
Additives 

0045. In addition to the above-described primary constitu 
ents, the etching composition of the invention may also con 
tain various secondary materials to add to or enhance its 
properties such as elastomeric polymers, free radical initia 
tors to render the composition curable either thermally or by 
UV light, and various printing aids Such as leveling agents, 
antifoam agents and thickeners. These materials are well 
known in the art. Typically the amount of photoinitiator used 
is from 0.1 to 10 wt %, based on the total weight of the etching 
composition. Typically the amount of printing aid used is 
from 0.1 to 2.0 wt %, based on the total weight of the etching 
composition. 
Method of Making a Semiconductor Device 
0046. In order fto achieve good photovoltaic cell perfor 
mance the front side electrode must make good electrical 
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contact with the silicon cell. The invention provides a way of 
enabling this good electrical contact. 
0047. The invention provides a method of making a pho 
tovoltaic cell, comprising the steps of providing a silicon 
substrate with a diffusion layer on the front side of the silicon 
Substrate and an anti-reflection coating Superimposed on the 
diffusion layer, depositing the etching composition of the 
invention onto those portions of the anti-reflection coating 
that are to be etched, and curing the etching composition to 
thereby remove those portions of the anti-reflection coating to 
provide exposed surface of the diffusion layer to serve as the 
contact for a front side electrode. Also provided is the above 
method further comprising the steps of depositing a front side 
electrode-forming paste, e.g., a silver paste, onto the exposed 
surface of the diffusion layer and firing the front side elec 
trode-forming paste to form the front side electrode. 
0048. The invention also provides a photovoltaic cell 
made by either embodiment of the method of making a pho 
tovoltaic cell described above 
0049. An example of the method of making a photovoltaic 
cell is described below in conjunction with FIG. 1. 
0050 FIG. 1A shows a p-type silicon substrate, 10. 
0051. In FIG. 1B, an n-type diffusion layer, 20, (the 
reverse of the p-type silicon substrate) is formed by the ther 
mal diffusion of phosphorus (P) or the like. Phosphorus oxy 
chloride (POCl) is commonly used as the phosphorus diffu 
sion source. In the absence of any particular modification, the 
diffusion layer, 20, is formed over the entire surface of the 
silicon substrate, 10. This diffusion layer has a sheet resistiv 
ity on the order of several tens of ohms per square (S2/L), and 
a thickness of about 0.3 to 0.5 um. 
0052. After protecting one surface of this diffusion layer 
with a resist or the like, as shown in FIG. 1C the diffusion 
layer, 20, is removed from most surfaces by etching so that it 
remains only on one main Surface, in this case the front side of 
the photovoltaic cell. The resist is then removed using an 
organic solvent or the like. 
0053 Next, a silicon nitride film, 30, is formed as an 
anti-reflection coating (ARC) on the n-type diffusion layer, 
20, to a thickness of about 70 nm to 90 nm in the manner 
shown in FIG.1D by a process such as plasma chemical vapor 
deposition (CVD). 
0054 As shown in FIG.1E, the etching composition of the 
invention containing a photoinitiator, 500, is screen printed 
onto those portions of the silicon nitride film, 30, that are to be 
etched. The etching composition is then dried. 
0055. The etching composition is then cured by exposing 

it to UV light to thereby remove those portions of the silicon 
nitride film, 600, and expose the n-type diffusion layer sur 
face as shown in FIG. 1F. Alternatively, if the etching com 
position were thermally cured it would be exposed to a tem 
perature of from 300° C. to 900° C. 
0056. As shown in FIG. 1G, a front side electrode-forming 
paste, 700, is screen printed onto the exposed n-type diffusion 
layer Surface and then dried. In addition, an aluminum paste, 
60, and a back side silver or silver/aluminum paste, 70, are 
then screen printed and successively dried on the back side of 
the substrate. Firing is then typically carried out in an infrared 
furnace at a temperature range of approximately 700° C. to 
975°C. for a period of from several minutes to several tens of 
minutes. 
0057 Consequently, as shown in FIG. 1H, aluminum dif 
fuses from the aluminum paste into the silicon substrate, 10. 
as a dopant during firing, forming a p-layer, 40, containing a 
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high concentration of aluminum dopant. This layer is gener 
ally called the back surface field (BSF) layer, and helps to 
improve the energy conversion efficiency of the Solar cell. 
0058. The aluminum paste is transformed by firing from a 
dried state, 60, to an aluminum back electrode, 61. The back 
side silver or silver/aluminum paste, 70, is fired at the same 
time, becoming a silver or silver/aluminum back electrode, 
71. During firing, the boundary between the back side alumi 
num electrode and the back side silver or silver/aluminum 
electrode assumes an alloy state, and is connected electrically 
as well. The aluminum electrode accounts for most areas of 
the back electrode, owing in part to the need to form a p-- 
layer, 40. Because soldering to an aluminum electrode is 
impossible, a silverback electrode is formed over portions of 
the back side as an electrode for interconnecting Solar cells by 
means of copper ribbon or the like. 
0059. In addition, during firing, the front side electrode 
forming paste, 700, is transformed to the front side electrode, 
701, as also shown in FIG. 1H. The front side electrode is 
thereby able to make electrical contact with the n-type diffu 
sion layer, 20. Conversion efficiency and moisture resistance 
reliability of the solar cell depend on the electrical contact of 
the front side electrode with the n-type diffusion layer. It is 
believed that the improvement in solar cell performance 
obtained by using the onium salts in the instant etching com 
position is a result of the good electrical contact that is 
achieved. 

0060 Exemplary semiconductor substrates useful in the 
methods and devices described herein include, but are not 
limited to, single-crystal silicon, multicrystalline silicon, and 
ribbon silicon. The semiconductor substrate may be doped 
with phosphorus and boron to form a pinjunction. 
0061 The semiconductor substrates can vary in size 
(lengthxwidth) and thickness. As an example, the thickness 
of the semiconductor substrate is 50 to 500 um; 100 to 300 
um; or 140 to 200 um. The length and width of the semicon 
ductor substrate are each 100 to 250 mm; 125 to 200 mm; or 
125 to 156 mm. 

0062 Typically, as discussed previously, an anti-reflection 
coating is formed on the front side of a Solar cell. Exemplary 
anti-refection coating materials useful in the methods and 
devices described herein include, but are not limited to: sili 
con nitride, silicon oxide, titanium oxide, SiN.H., hydroge 
nated amorphous silicon nitride, and silicon oxide/titanium 
oxide film. The coating can be formed by plasma enhanced 
chemical vapor deposition (PECVD), chemical vapor depo 
sition (CVD), thermal CVD or other known techniques. In an 
embodiment in which the coating is silicon nitride, the silicon 
nitride film can be formed by low pressure CVD, PECVD, 
thermal CVD, or physical vapor deposition (PVD). In an 
embodiment in which the insulating film is silicon oxide, the 
silicon oxide film can be formed by thermal oxidation, ther 
mal CVD, plasma CVD, or PVD. 
0063. The etching composition can be applied to the ARC 
by a variety of methods such as Screen-printing, ink-jet print 
ing, coextrusion, Syringe dispensing, direct writing, and aero 
Sol inkjet printing. 
0064. The front side electrode-forming paste can be 
applied to the exposed n-type diffusion layer Surface by a 
variety of methods such as screen-printing, ink-jet printing, 
coextrusion, Syringe dispensing, direct writing, and aerosol 
inkjet printing. In one embodiment, the paste composition is 
used to form both the conductive fingers and busbars of the 
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front-side electrode. In such an embodiment, the width of the 
lines of the conductive fingers are 20 to 200 um. 
0065. The front side electrode-forming paste coated on the 
exposed n-type diffusion layer surface can be dried, for 
example, for 0.5 to 10 minutes during which time the volatile 
portions of the organic medium are removed. 
0066. The dried front side electrode-forming paste is fired 
by heating to a maximum temperature of between 500° C. and 
940° C. for a duration of 1 second to 2 minutes. In one 
embodiment, the maximum silicon wafer temperature 
reached during firing ranges from 650° C. to 800° C. for a 
duration of 1 to 10 seconds. In a further embodiment, the 
electrode formed from the front side electrode-forming paste 
is fired in an atmosphere composed of a mixed gas of oxygen 
and nitrogen. In another embodiment, the electrode formed 
from the front side electrode-forming paste is fired above the 
organic medium removal temperature in an inert atmosphere 
not containing oxygen. Typically, the firing is carried out in a 
belt furnace. The temperature range during which time the 
remaining organic medium is removed is between 500° C. 
and 700° C. and the temperature is then increased to between 
860° C. and 940°C. The fired electrode can include compo 
nents and compositions resulting from the firing and sintering 
process. For example, in an embodiment in which ZnO is a 
component in the paste composition, the fired electrode can 
include zinc-silicates, such as willemite (Zn2SiO4) and Zn. 
7SiO, wherein X is 0-1. 
0067. As previously suggested, other conductive and 
device enhancing materials are applied to the back side of the 
semiconductor device and cofired with the front side elec 
trode-forming paste. The materials serve as electrical con 
tacts, passivating layers, and Solderable tabbing areas. Alter 
natively, these materials can be applied and fired prior to or 
Subsequent to the firing of the front side electrode-forming 
paste. 
0068. In one embodiment, the back side conductive mate 
rial contains aluminum or aluminum and silver. 

EXAMPLES 

0069. In the following Examples the photovoltaic wafers 
used were 156 mmx156 mm 65C2/D multicrystalline silicon 
wafers (obtained from Q-Cells SE, Bitterfeld-Wolfen, Ger 
many) or portions of these wafers. These wafers contained a 
silicon nitride anti-reflection coating on the front side. 

Example 1 

0070 This Example demonstrates the effectiveness of an 
onium salt in etching an anti-reflection coating. 
(0071 Irgacure R 250 solution (a 75% solution of iodo 
nium, (4-methylphenyl)-4-(2 methylpropyl)phenylheax 
afluorophosphate in propylene carbonate obtained from Ciba 
Specialty Chemicals, BASF) was used with a dropping 
pipette to draw a letter “P” onto a 2.5 cmx2.5 cm size photo 
voltaic wafer. The wafer was dried at 80° C. for 10 minutes. 
The letter “P” had the blue color of the underlying silicon 
nitride anti-reflection coating. The wafer was then fired in a 
Despatch 6-zone belt furnace with the Zone temperatures of 
500-550-610-700-880-900° C. and a belt speed of 220 ipm. 
The blue color of the letter “P” changed to the gray color of 
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the silicon thereby indicating that the anti-reflection coating 
had been etched away and the silicon exposed. 

Example 2 

0072 This Example demonstrates the effectiveness of an 
onium salt in etching an anti-reflection coating. 
(0073 8 gm of UVACURE(R) 1600 (phenyl-p-octyloxyphe 
nyl-iodonium hexafluoroantimonate obtained from Cytec 
Industries, Smyrna, Ga.), was mixed with 2 gm isopropyl 
alcohol obtained from VWR. Bridgeport, N.J. and 0.2 gm of 
a PMMA/PMAA (poly(methyl methacrylate)/poly 
methacrylic acid) copolymer Solution in Texanol Rester alco 
hol obtained from Eastman Chemical Company, Kingsport, 
Tenn. The polymer solution contained 42.5 wt % PMMA with 
a Mw =6700 and 20 wt % PMAA. The mixture was hand 
stirred for 5 minutes. The mixture was used with a dropping 
pipette to draw a letter “V” onto a 2.5 cmx2.5 cm size pho 
tovoltaic wafer. The wafer was dried at 80°C. for 10 minutes. 
The letter “V” had the blue color of the underlying silicon 
nitride anti-reflection coating. The wafer was then fired in a 
Despatch 6-zone belt furnace with the Zone temperatures of 
500-550-610-700-880-900° C. and a belt speed of 220 ipm. 
The blue color of the letter “V” changed to the gray color of 
the silicon thereby indicating that the anti-reflection coating 
had been etched away and the silicon exposed. 

Example 3 

0074 This Example demonstrates the effectiveness of an 
onium salt in etching an anti-reflection coating. 
(0075 0.25gm of UVACURE(R) 1600 (phenyl-p-octylox 
yphenyl-iodonium hexafluoroantimonate obtained from 
Cytec Industries, Smyrna, Ga.), was mixed with 20gm iso 
propyl alcohol obtained from VWR. Bridgeport, N.J. The 
mixture was hand-stirred for 2 minutes. The mixture was used 
with a dropping pipette to draw a letter “X” onto a 2.5 cmx2.5 
cm size photovoltaic wafer. The wafer was dried at 80°C. for 
10 minutes. The letter “X” had the blue color of the underly 
ing silicon nitride anti-reflection coating. The wafer was then 
fired in a box oven at 350° C. for 1 hour. The blue color of the 
letter 'X' changed to the gray color of the silicon thereby 
indicating that the anti-reflection coating had been etched 
away and the silicon exposed. 

Example 4 

0076. This Example demonstrates the effectiveness of an 
onium salt in etching an anti-reflection coating. 
(0077 Irgacure R 250 solution (a 75% solution of iodo 
nium, (4-methylphenyl)-4-(2 methylpropyl)phenylheax 
afluorophosphate in propylene carbonate obtained from Ciba 
Specialty Chemicals, BASF) was screen-printed onto a 156 
mmx156 mm silicon wafer with the pattern shown in FIG. 3. 
The wafer was dried at 80° C. for 10 minutes. The screen 
printed pattern had the blue color of the underlying silicon 
nitride anti-reflection coating. The wafer was then fired in a 
Despatch 6-zone belt furnace with the Zone temperatures of 
500-550-610-700-880-900° C. and a belt speed of 220 ipm. 
The blue color of the screen-printed pattern changed to the 
gray color of the silicon thereby indicating that the anti 
reflection coating had been etched away and the silicon 
exposed. 
0078. The sample was analyzed by electron spectroscopy 
for chemical analysis (ESCA) The patterned spots showed 
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little or no nitrogen indicating that the silicon nitride ARC 
was almost completely or completely removed. 

Example 5 

0079. This Example demonstrates the effectiveness of an 
onium salt in an etching composition for etching an anti 
reflection coating and the use of thermal curing. 
0080 20gm ethyl cellulose N-22, 80gm Texanol Rester 
alcohol obtained from Eastman Chemical Company, King 
sport, Tenn. and 0.5 gm. Thixatrol(RST obtained from 
Elementis Specialties, Inc., Highstown, N.J. were mixed and 
the mixture was stirred by a mechanical stirrer at 100° C. for 
1.5 hours. The result was a clear viscous solution. The solu 
tion was cooled to 60° C. and 10gm of UVACURE(R) 1600 
(phenyl-p-octyloxyphenyl-iodonium hexafluoroantimonate 
obtained from Cytec Industries, Smyrna, Ga.) was added and 
stirred for 20 minutes. 
0081. The above solution was screen-printed onto a 156 
mmx156 mm silicon wafer with the pattern shown in FIG. 3. 
The wafer was dried at 80° C. for 10 minutes. The screen 
printed pattern had the blue color of the underlying silicon 
nitride anti-reflection coating. The wafer was then fired in a 
Despatch 6-zone belt furnace with the Zone temperatures of 
500-550-610-700-880-900° C. and a belt speed of 220 ipm. 
The blue color of the screen-printed pattern changed to the 
gray color of the silicon thereby indicating that the anti 
reflection coating had been etched away and the silicon 
exposed. 

Example 6 

0082. This Example demonstrates the effectiveness of an 
onium salt in etching an anti-reflection coating and the use of 
UV curing. 
I0083) To 10gm of Irgacure R 250 solution (a 75% solution 
of iodonium, (4-methylphenyl)-4-(2 methylpropyl)phenyl 
heaxafluorophosphate in propylene carbonate obtained from 
Ciba Specialty Chemicals, BASF) there was added 0.5gm of 
photoinitiator benzophenone. The mixture was stirred at 
room temperature by a magnetic stirrer bar for 10 minutes. 
The mixture was screen-printed onto a 156 mmx156 mm 
silicon wafer with the pattern shown in FIG.3. The wafer was 
dried at 150° C. for 10 minutes. The screen-printed pattern 
had the blue color of the underlying silicon nitride anti-re 
flection coating. 
0084. The wafer was then exposed to UV light at a dose of 
600 m.J/cm. After exposure the wafer was baked at 150° C. 
for 10 minutes. The cell was placed in cold water for 1 hour. 
The printed mixture was then peeled from the wafer leaving 
the printed pattern in the gray color of the silicon thereby 
indicating that the anti-reflection coating had been etched 
away and the silicon exposed. 

Example 7 

0085. This Example demonstrates the effectiveness of an 
onium salt in an etching composition for etching an anti 
reflection coating, the use of thermal curing and the advan 
tage of including carbon black powder in the etching compo 
sition. 
I0086 Two grams carbon black powder obtained from 
Cabot, Boston, Mass., 3 grams Irgacure R 250 solution (a 
75% solution of iodonium, (4-methylphenyl)4-(2 methyl 
propyl)phenylheaxafluorophosphate in propylene carbonate 
obtained from Ciba Specialty Chemicals, BASF) and 5 grams 
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Texanol ester alcohol obtained from Eastman Chemical 
Company, Kingsport, Tenn. were mixed. The resulting paste 
was used to draw 3 lines on a wafer and these were dried at 80° 
C. for 10 minute and then fired in Despatch 6-zone belt 
furnace with the Zone temperatures of 500-550-610-700-850 
880°C. at a belt speed of 220 ipm. The 3 changed from black 
color to gray color of the silicon thereby indicating that the 
anti-reflection coating had been etched away and the silicon 
exposed. The resulting lines have a better edge definition as a 
result of the use of the carbon black powder in the etching 
composition. 
What is claimed is: 
1. An etching composition comprising: 
a) one or more onium salts selected from the group con 

sisting of iodonium salts and Sulfonium salts; and 
b) an organic medium, 

wherein said one or more onium salts are dispersed or dis 
Solved in said organic medium. 

2. The etching composition of claim 1, wherein said iodo 
nium salts are diaryl iodonium salts. 

3. The etching composition of claim 1, wherein said sulfo 
nium salts are triaryl Sulfonium salts. 

4. The etching composition of claim 1, wherein said 
organic medium comprises carbon black powder. 

5. A method of making a photovoltaic cell, comprising the 
steps of: 

a) providing a silicon Substrate with a diffusion layer on the 
front side of said silicon substrate and an anti-reflection 
coating Superimposed on the surface of said diffusion 
layer; 

b) providing an etching composition, comprising: 
i) one or more onium salts selected from the group 

consisting of iodonium salts and Sulfonium salts; and 
ii) an organic medium, 

wherein said one or more onium salts are dispersed or 
dissolved in said organic medium; 

c) depositing said etching composition onto those portions 
of said anti-reflection coating that are to be etched; and 

d) curing said etching composition to thereby remove said 
portions of said anti-reflection coating to provide 
exposed surface of said diffusion layer to serve as the 
contact for a front side electrode. 

6. The method of claim 5, wherein said iodonium salts are 
diaryl iodonium salts and said Sulfonium salts are triary1 
Sulfonium salts. 

7. The method of claim 6, said etching composition further 
comprising a photoiniator whereby said etching composition 
is UV curable and wherein said curing is accomplished by 
exposing said etching composition to UV light. 

8. The method of claim 6, wherein said curing is accom 
plished by exposing said etching composition to a tempera 
ture of from 300° C. to 900° C. 

9. The method of claim 5, further comprising the steps of: 
e) depositing a front side electrode-forming paste onto said 

exposed surface of said diffusion layer; and 
f) firing said front side electrode-forming paste to form said 

front side electrode. 
10. The method of claim 9, wherein said iodonium salts are 

diaryl iodonium salts and said Sulfonium salts are triary1 
Sulfonium salts. 

11. The method of claim 10, said etching composition 
further comprising a photoiniator whereby said etching com 
position is UV curable and wherein said curing is accom 
plished by exposing said etching composition to UV light. 
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12. The method of claim 10, wherein said curing is accom 
plished by exposing said etching composition to a tempera 
ture of from 300° C. to 900° C. 

13. A photovoltaic cell made by the method of claim 5. 
14. A photovoltaic cell made by the method of claim 6. 
15. A photovoltaic cell made by the method of claim 7. 
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16. A photovoltaic cell made by the method of claim 8. 
17. A photovoltaic cell made by the method of claim 9. 
18. A photovoltaic cell made by the method of claim 10. 
19. A photovoltaic cell made by the method of claim 11. 
20. A photovoltaic cell made by the method of claim 12. 

c c c c c 


