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Pattcrned etching of silicon dioxide layers can be used to facilitate localised diffusions -
and metal contacts to underlying silicon, or in other cases, to provide a mask for

20 etching the underlying silicon. Typically, the pattemed etching of dielectric layers, such
as silicon dioxide, has been achieved using photolithography or scribing. _

However, photolithography requires costly equipment (e.g., mask aligners,

mask writers), clean room environments, and generally many time-consuming steps.
Changes in patterns require new mask sets. A typical photolithographic process for the

25 formation of a pattern of openings in a dielectric typically requires deposition of a resist
layer over the dielectric layer (usually by spin-coating), appropriately aligning a
prepared mask over the resist layer, exposing the resist through the mask to UV
radiation and then developing the exposed resist to form a pattern of openings in the
resist. The resist with a pattern of openings is then used as a mask against etchants in

30 wet etching and physical etching (e.g. ion etching) applications. Etching fluids for
silicon dioxide typically comprise aqueous hydrogen fluoride or a buffered oxide
etching solution, both of which are highly corrosive. The device is then rinsed to
remove traces of the etchant, and finally the resist layer is removed to leave a patterned
dielectric layer on the device.



More recently, inkjet nethods of patterning a resist |ayer have been
descri bed. These nethods renove the need to use photolithography for the
patterning step, using instead an inkjet device to deposit a solution,

whi ch either creates openings or perneable regions in the resist |ayer, at
pr edet er m j,ons. The thus-patterned 5 resist | r n be used
to mask thgﬁgﬁggﬁﬁ@bng dielectric layer while the prin?é@“%%ﬁ?g#ﬂﬁprovides
a path for the etching of the dielectric during imersion in an etching
solution. These inkjet nethods of patterning a resist provide a potenti al

| ow cost alternative to photolithography. Changes in the etching pattern
can be realised quickly by changes in a digital inmge pattern used by the
inkj et printer. Hiomvesently, inkiet migthodpofpatierning aivesist gyai haverbeehsldssribedaey st | |
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the surface to be processed which at
Summary of the Invention

A method of processing a surface is provided, wherein the process is
restricted to an area of the surface defined by a predetermined pattern, the method
25 comprising:
(a) providing a surfactant as a layer or 2 component of a layer extending over
a region of the surface to be processed which at least covers an area of the
predetermined pattern;
(b) providing a deposition composition comprising at least one component
30 required for the processing of the surface; and
(c) applying the deposit composition over the region to be processed
according to the predetermined pattern;
whereby the surfactant assists the wetting of the surface to be processed by the
deposition composition in the area of the predetermined pattern.



| east covers an area of the predeterm ned pattern; (b) providing at |east
one deposition conposition conprising one or nore further conponents

required for the processing of the surface; and (c) applying the at |east
one deposition conposition over the region to be 10processed according to

the predeterm.n ttern; whereby the first conmponent required for
processi ng {Vﬁéo@@?‘ﬁi]ce acts with the one or nore furthd“TEIRPBNENS

required for processing of the surface to process the surface only in the
area of the predeterm ned pattern. Thejsl ayer conprising the first
conponent, extending over the region of the 15 surface to be processed may
be in a gas, liquid, solid phase or nay be a gel. |f the first conponent is
inaliquid or gaseturther method of prasessingatsarfpagiis poyided wlisptin the presesshe

surface to beregricedasftared 6f tho Quifice HefifANBOL prolleteafisdd PiBadmyi hdihda t he
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applied by gopnﬁ?nslmﬁé a solution containing the first conponent and
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When the first component is a solid, it may be applied by applying a
solution containing the first component and evaporating a solvent of the solution to
20 deposit the first component on the surface. When the first component is a liquid or a
gel, or if a solution to be evaporated is being applied, the method of applying the first
component may comprise a flow on method, a spin-on method, a spray coating method
or an inkjet printing method. The application method may also involve applying a
liquid by one of the above methods at an elevated temperature and then hardening the
25 layer by cooling.
The solution containing the first component may contain an additive that
can act as a surfactant during the processing of the surface. The solution containing the
first component may also contain an additive that can reduce the critical surface tension
of the surface layer,
30 The present method may be advantageously used in processes where one
of the process materials is dangerous or otherwise difficult to handle. When the
process material created by the mixture of the first and second components has a
physical characteristic making it dangerous and difficult to handle, such as by being
highly corrosive, toxic viscous, or sticky and at least one component does not exhibit
35 the respective characteristic or exhibits the characteristic to a lesser degree, the less
troublesome component may form the second component in the present method and
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troubl esone conponent may formthe second conponent in the present nethod
and 4 may conveniently be applied in a patterned manner using a device
that can deposit the fluid as a pattern of individual drops (e.g., a
drop-on-denmand inkjet printer). The present nethod nay be used for
vari ous Processes Includi ng patterned | ayer form ng, a%tgrned

t r ansf or maty SR & sur f ace such as by dopi ng, dying, 3 g U@ﬂ%ﬂ?@ﬁlly

nodi fying the surface, or patterned etching of the surface. An exanple of
patterned layer formng would be the fgrmation of an epoxy, polyester or
pol yur et hane patterned | ayer by applying the respective unlinked resin as
the first layer and applying the cross-linker as the second conponent (e.g.
by inkjet pmanconvgdientifiie applivdio egstanedmanner vsing hidavidseharashdegosif thewi th a
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For etching, the predetermined material may be selected from the group

25 comprising dielectrics including but not limited to silicon dioxide, silicon nitride,
silicon carbide, TCOs, glass, organic resins and other polymers including pattern mask
materials, or from the group of metals including but not limited to aluminium, copper,
silver, gold, tin and lead or alloys thereof and the broad group of semiconductor
materials including but not limited to silicon, germanium, gallium-arsenide, indium

30 phosphide, or alloys such as silicon-germanium or aluminium-gallium-arsenid, indium-
selenide, galium-selenide, cadmium-telluride or copper indium gallium selenide
(CIGS).

Preferably the surface layer may be a polymer layer and for etching
applications.

35 Where the predetermined material is silicon dioxide, the polymer layer
may be acidic and preferably the polymer layer will be a water-soluble layer containing



5 an acidic polynmer. The polymer may, for exanple, contain one of

pol yacrylic acid, polystyrene sul phate, an acidic pol ythi ophene derivative,
an acidic polyaniline derivative, or a water sol uble phenolic resin. Also,
if the predeterm ned material is silicon dioxide, the deposition
conpositio ferably contain a source of fluoride 5 ions. The source
of quorldgwﬁéwgm%Q be provided, for exanple, by one o ﬁﬂpgm5*m'%nnnnlum
fluoride, a tetra al kyl amoni um fluoride, sodiumfluoride, and lithium
fluoride. The present nethod gray, for exanple be used to etch
openings in a dielectric layer of a silicon solar cell device. Such
openings may be used in the 10 formation of netal contacts to the silicon
sol ar cel| d@acklic raymereThepolymar mapl foc axample, whtaithengpofepaydcrylietaodd, t he
degOSl t :c on golyeQtHhe sul;lxﬂatebemdaélmvef:@?tm he%lepa&ﬁ\t%ﬂ@gaﬁr%mt% ogaﬁnﬁéf)nvem ent
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Dr awi ngs 20@(\‘96@?! ments of the invention wll now be described, by way of

exanple, with refer E['ﬁ@@)rés@nthh@ch&?%?})%%ﬂaﬂ R 5SS 1ol &cwa, Slfigs in a F' | gure

lAis a sch agr.am |ncrosss ction, a s str
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schemat i d0difermation shmeiahepntats te thesilican solaneellattvisk.t Brefiershly irmapplidGioaci di ¢
pol ymer | ayeF;the present Ehélhtfde ﬂhecdép%31ﬁo§ Q:Bﬁlﬁgﬁddcwﬁl BRSSP Q PattBiRed

deposi tion of e an tchln onent onto
the acidic 8[5’!“ g?eij cmen% am?pfi"'% aén"f%qagpéf’ IEtS ‘E\%"%‘ howi ng
t he fornati 6pMmpgsitomcip by Uélpg i deyjice rdmt téredepokit theaflued 280 Ifaatgstm ef irdiviiduah
schemati c didagpk &g s@epoE- denRndbst fidies), af ter the etch residue and acidic
p0| ymer I?yer have 5{%%1. pr%cersrgmg g}iphcatlons according to the present method, a final step
may be required of removing from the surface, any unwanted excess surface layer
material remaining outside the predetermined pattern area..

Brief Description of the Drawings
20 Embodiments of the invention will now be described, by way of example, with
reference to the accompanying drawings in which:
Figure 1A is a schematic diagram showing, in cross-section, a substrate with a
layer, such as silicon dioxide, to be etched;
Figure 1B is a schematic diagram showing the substrate coated with a surface
25 acidic polymer layer;
Figure 1C is a schematic diagram showing the deposition of two drops of a
solution containing an etching component onto the acidic polymer layer;
Figure 1D is a schematic diagram showing the formation of etched opemngs in
the substrate;
30 Figure 1E is a schematic diagram showing the substrate after the etch residue
and acidic polymer layer have been removed;
Figure 2 shows the structure of an example acidic polymer, polyacrylic acid;
Figure 3 shows a graph illustrating how the surface tension of the deposition
solution varies with the percentage of added Novec 4200 surfactant in one example;
35 Figure 4 shows a Dektak profile of a groove, etched in a thermally grown silicon
dioxide layer of a silicon wafer, by deposition of droplets of a 11.2% (w/v) ammonium
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Figure 2 shows the structure of an exanple acidic polyner, polyacrylic

aci d; Figure 3 shows a graph illustrating how the surface tension of
the deposition solution varies with the percentage of added Novec 4200
surfactant in one exanple; 35Figure 4 shows a Delctak profile of a groove
etched in thernally grown silicon dioxide |ayer of a silicon waf by
deposi tion ‘8? ‘H’?’%I Bts of a 11. 2% (W v) ammonium 6 fl ﬂST’f‘H@O%"E?P???l on onto
a 2.5 pmthick polyacrylic acid receptive |ayer maintained at a platen
tenperature of 45 C Figure 5 is ag optical inmage show ng etched
grooves fromwhich the profile in Figure 4 was obtained; 5Figure 6 is an
optical image of an array of holes, etched in a thermally grown silicon

di oxi de | ay@norgle salutiph butora 2 fier thickypoljepekid adid recegftivel layet ammtanfedat 1. 2%

(W v) amm'nbmghftén%{:a;ug@oggdg.l on onto a 2.5 pmthick pol yacryl i c aci d
receptive |ayer I ntai ned at a en te rat ure, of gure
7 is an optical FgEya Hn %Pq%lllﬁwg‘i%??wgfert%ﬁ?ﬂ?@“?mééﬁp ths pEls Aol es JO
i ncl udi ng t higuerevai@blaitedd i n Fi gure 6 Figure 8 is an AFM profile of
an et chedshol e, Pﬁﬁh’-@@ i arpaisﬁcalemﬁags@f fq}a%g éa&le&m oevhe one
depicted in, Efg}lu(g ﬁ @2 f119 dc}fl ? tructure
et ched by dEft EiPgRe GyerphpsEren ¥ eabr ea%l QRIFS Y i MV

sol uti on ontwmanigmbilgmids hiobitiop@inieae rdyd iwn ttmkdpdlﬁacndmeq:tﬂd veeptgelnyarai nt ai ned
at a platenghg olgure 10 is a graph shovmngthe

maxi mum etchedEm)‘ggiiilglgt ﬁienggz%aﬁr%gﬁ %ﬁ et ched b deposuﬁ]l on dropl ets
of a 14. 4%(vv/v$: 3 erPPIcabiage ok gl Beofie e Fplep c1fee e

pol yacr yll0 cinabidiig tiecmp depieted mygure &s a function of platen terrperature; and
Figure 11 is a”F@é?ﬁ d 8§ o AP Hﬁpdéﬂg‘@f&:ge@héark@iév?ak‘é‘ﬁ ﬁbﬁq‘;é“ bl o QiRed! | 1 con

nitride 20 | on a_text |1 con surface. Detal Descr | tlon of
enbodi ment Shgigs 1nclud1ng the one eplcted in Figure 6; P

Figure 9 is an AFM profile of a hole structure etched by deposition of droplets
of a 14.4% (w/v) ammonium fluoride solution onto a 2.5 pm thick polyacrylic acid
15 receptive layer maintained at a platen temperature of 55 °C;
Figure 10 is a graph showing the maximum etched depth of hole structures,
etched by deposition of droplets of a 14.4% (w/v) ammonium fluoride solution onto a
2.5 pm thick polyacrylic acid receptive layer, as a function of platen temperature; and
Figure 11 is an optical image showing a groove etched in a 75 nm silicon nitride
20 layer on a textured silicon surface.

Detailed Description of embodiments
A method for etching selected material, such as silicon dioxide dielectric layers,
is described below. The method does not require a masking or resist layer and is safer
25 than existing etching metheds in that the corrosive etchant is only formed in-situ on the
device surface to be etched. Furthermore, because the etchant is formed only at the
locations to be etched, the method requires small amounts of chemicals and produces
significantly less hazardous chemical waste, The method does not require any resist
chemicals and only uses small quantities of etching precursor materials. The hazardous
30 hydrogen fluoride waste of existing silicon dioxide wet etching methods is a concern
for manufacturing processes around the world. Although the method is described with
respect to the patterned etching of silicon dioxide, it should be clear to those skilled in
the art of semiconductor device fabrication that the disclosed method can be applied to
the etching of other materials including metals, other dielectrics and semiconductors.
35 The method of etching reduces the use of corrosive chemicals by bringing
together at least two etching components on the surface location of a device where



A method for etching selected material, such as silicon dioxide dielectric
| ayers, is described bel ow The nethod does not require a masking or resist
| ayer and is safer 25 than existing etching nethods in that the corrosive
etchant is only forned in-situ on the device surface to be etched.
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8 The etch product, amonium fluorosilicate, has a high solubility of 250 g
) at 20 C and | ow ammoni um fl uori de concentrations which neans that it can
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fluorosilicate, however this effect on the fluorosilicate solubility is not
as marked as the effect of increased ammoni um fl uoride concentration.
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25 the surface to be etched by spin-coating, however other polymer coating methods can

also be used. In alternative arrangements, the surface layer can comprise materials

other than polymers (e.g., inorganic materials deposited by methods such as
evaporation, sputtering or chemical or plasma vapour deposition.

The fluoride ion is preferably formulated in an aqueous solution which is then

30 deposited in a pattterned manner at the locations where etching is required. The

solution can be deposited drop-wise using, for example, drop-on-demand. inkjet

printing, or as a continuous fluid stream using, for example, continuous inkjet printing,

hydrodynamic or aerosol jet printing. For the continuous stream deposition methods,

techniques such as shuttering must be employed when etching patterns necessitate the

35 termination of the jet. In deposition methods, such as aerosol jet printing, the solution

being deposited can be processed into an acrosol before being deposited on the polymer
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al so be appli t he et chi, of other mate S er n et.chant 35 can
be formed i Hlegﬁcfl%%?‘iaﬁﬁ {hq Hskeqf opprator gontagk i the pyent ‘@J%@E%r%’rsémheposi t ed
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detail wth reference to Flgﬁre | A to Figure 1E.  The substrate tor the
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The thus-formed openings are preferably used to form metal contacts to a
30 semiconductor device, such as a silicon solar cell. They can also be used as openings
for diffusion or etching the underlying silicon. As such, the patterning of silicon
dioxide dielectric layers has widespread application in the general fabrication of
semiconductor and other micro-electro-mechanical systems (MEMS) devices. The
general method can also be applied to the etching of other materials, where an etchant
35 can be formed in situ from at least one surface layer and one or more deposited fluids.




5 arrangenent, the wafer can be a p-type or n-type silicon wafer. The
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lower speeds, can be used for etching deeper structures. The substrate 100 with the

30 polymer film 115 can be stored under nitrogen until required for etching. Nitrogen is
used in order to minimise uneven humidification of the polymer film.

In alternative arrangements, other water-soluble polymers or resins containing
acidic groups (e.g., acidic polythiophene or polyaniline derivatives, polystyrene
sulfonate, polyester or phenolic resins) can also be used. It is also possible to use

35 polymer mixtures or blends to form the acidic film. For example, PAA can be blended
with other water soluble polymers such as polyvinyl alcohol (PVA) in PAA:PVA ratios



10 additives can be either dissolved or dispersed (e.g., nanoparticles) in
the solution used to formthe acidic polyner |layer. These additives can
al so be used to nodify the surface properties of the polynmer film In
yet a further variation, the polyner filmmy al so contain surfactants.

Pref erabl y_%bgg@@gﬁflﬁ\ct ants (e.g., Novec 4200 from 3M ﬂ{ SR DeRRE TN

concentrations .0% These surfactants can inprove e evenness of the
resulting etching by enabling the deposited solution to nore evenly wet the
surface to be etched. The added surfacipnt can al so actively reduce the
critical surface tension of the polyner filmthus enabling smaller etched
features to be obtained. O her fluoropolynmer additives, such as FC 4432
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in both dir éeablipgthe dgpositeesairtion thmart evemly wepthe surface to be etched. The added
surfactant can also actively reduce the critical surface tension of the polymer film thus
enabling smaller etched features to be obtained. Other fluoropolymer additives, such as
FC-4432 (also from 3M) can also be added to the film, specifically to reduce the
20 critical surface tension of the final polymer surface. However, the longer chain
fluoropolymers are less effective weiting agents than the smaller surfactant
preparations like Novec 4200. Other surfactants or surface tension modifying agents,
which are compatible with fluoride ion chemistry, can also be used.
Etching of the silicon dioxide is preferably achieved by deposition of droplets of
25 a solution, containing a source of fluoride jon, by an inkjet device. Preferably, the
inkjet device is digitally controlled and can deposit droplets of the solution at locations
on the surface according fo a predetermined image pattern.
The inkjet device 120, depicted in Figure 1C, contains one or more printheads
125 which can eject droplets of a solution 130 from an amay of nozzles. Firing of
30 individual nozzles can be under thermal or piezoelectric control. The solution being
jetted can be stored in a cartridge on or close to the printhead or in a reservoir located
more distant to the printhead. In the preferred arrangement, the printhead of the inkjet
device 120 scans across the polymer surface depositing solution as required in the scan.
The substrate 100 is located on a platen which moves relative to the printhead in an
35 axis perpendicular to the scan axis. However, in alternative arrangements the platen can
be maintained stationary as the printhead scans in both directions, or the printhead can




be mai ntained stationary as the substrate (i.e., the substrate 100) is
noved in both directions. Preferably, the platen and thus the substrate 100
can be heated while printing is occurring. In the preferred arrangenent, a
pi ezo-el ectrically controlled silicon printhead, 5 nmanufactured by FUJIFI LM
D mati X, deposit the fluoride-containing sol pri nt head
IS |ncorpo§gﬁzggp%9g cartridge and has 16 nozzles |ine5¢#§858%'%§*at 254
mcrons with a drop size of either 1 or 10 picoliters. Preferably,
cartridges having the smaller nom nal (b pL drop sizes are used. However, if
| arger etched features are required then the 10 pL cartridges can be
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between the successive layers. Optionally, a delay can be inserted between the printing

25 of successive layers. In a further alternative arrangement, rather than printing multiple
layers of a pattern, muitiple droplets of the deposition solution can be deposited at each
location before the printhead and/or platen are moved to the next deposition location.
This approach has the advantage that it does not rely on good alignment between the
printing of multiple layers, however it can result in uneven etching of openings (e.g.,

30 grooves).

It should be appreciated that the requirement to print multiple layers of the
fluoride-containing solution arises from the etching stoichiometry. Six fluoride ions are
required for every etched silicon atom in the silicon dioxide crystal layer. If it is
assumed that all the fluoride is consumed in the etching process and that the polymer

35 film provides an excess of acidic groups, then it is possible to calculate the total



The inkjet device, used by the preferred arrangenent, jets sol utions
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Finally, the tenperature of the deposition solution is naintained at 28 C
The use of | ower tenperatures can al so be used, however typically the
surface tension of a solution will increase at | ower tenperatures thus
making it nore difficult to jet the 20 sol ution. The jetting of a
solution having a npderately high surface tension onto_a pol yner surface
cont ai ni ng o g ?/P%Eltlant such as Novec 4200 (from 3M Fng‘éU%ﬁ’ﬁ%[f"ﬁqgsstrat egy
to achieve small, cl eanly etched features. This strategy is possible
because of the abi lity to tune the firjiyng waveformused by the FUJI FI LMIm
D mati xTm printheads. 25 In alternative arrangenents, fluorinated
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the ability to tune the firing waveform used by the FUTIFILM™ Dimatix™ printheads.

25 In alternative arrangements, fluorinated surfactants, such as Novec 4200 (from

3M), can be added to the deposition solution. These surfactants can effectively reduce

the surface tension to values which are in the optimal range for the FUJIFILM Dimatix

printheads (see Figure 3). For the Novec 4200, a concentration of between 0.3% and

0.5% (v/v) will reduce the surface tension of the deposition solution to optimum

30 surface tension range of 28-32 mN/m and thus enable it to be reliably jetted. Other

surfactants, which are compatible with solutions containing fluoride ions can also be
used.

Furthermore, other additives that can vary the surface tension can also be used.

For example, addition of glycols such as propylene glycol can also readily reduce the

35 surface tension to the optimal range for the FUJIFILM™ Dimatix™ printheads. In



20 the inkjet device and imersed in flow ng deionised water for 5-10

m nutes. This final rinse step renpbves both etching product trapped in the
openi ngs 150 and the water-soluble polynmer filmto formthe final etched
substrate 100 with openings 160 as shown in Figure 1E. Unlike existing wet
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IS very sma eing only that fluoride which has been 05 by the
inkjet printer. This nmeans that the waste is very dilute and not very
hazar dous. In fact, in many appl igations the fluoride concentration
in the waste (rinse) water may be less than that required by regul atory
authorities (in the order of 2- 20 ppm depending on the regul ation
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Using the method of the preferred arrangement, both hole and groove openings
35 can be etched in silicon dioxide layers to a depth of at least 400 nm. Figure 4 shows a
Dektak profile of a groove etched in a silicon dioxide layer by depositing 50 layers of a



30 droplets on contact with the surface polynmer. In addition to increased
spreadi ng of the droplets, the PEGin the deposition solution tends to
mgrate to the periphery of the deposited dropl et as sol vent evaporates.
The phenomenon is comonly known as the "coffee ring" effect. The PEG
carries fl l s with it thus resulting in a high tration of
fluoride |gﬁ6a@ﬁngﬂperlphery than in the centre of thgcaéggﬁﬁﬁgﬁgdroplet.
35 This effect can result in "donut" shaped openings rather than the round
hol es as shown in Figures 6 to 8. Figujge 9 shows an AFM profile of such an
etched opening formed by 17 printing 50 |layers of a deposition solution
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layers to be deposited, the resulting groove width and/or hole diameters are larger.
This occurs because the higher fluoride concentration results in more spreading of the
30 droplets on contact with the surface polymer. In addition to increased spreading of the
droplets, the PEG in the deposition solution tends to migrate to the periphery of the
deposited droplet as solvent evaporates. The phenomenon is commonly known as the
“coffee ring” effect. The PEG carries fluoride ions with it thus resulting in a higher
concentration of fluoride ion at the periphery than in the centre of the deposited droplet.
35 This effect can result in “donut” shaped openings rather than the round holes as shown
in Figures 6 to 8. Figure 9 shows an AFM profile of such an etched opening formed by
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al so be used as a nmask for either diffusing the underlying silicon or
etching the underlying silicon for other sem conductor or
silicon dioxide |ayer can either be retained as part of the device or
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t han one etching conponent can be deposited onto the

. For exanple, regions of silicon can be etched by depositing,
at substanti al | yAt Kentipaedpreyiqpsly, shesplater éemareratyre g dso beyvaritdde pinpdle above

Rieti@d @b particular requirements. Although, the preferred method of etching groove
openings uses a platen temperature of 45 °C, it can be advantageous to use higher
platen temperatures to etch hole openings, in particular when thicker oxide layers are
required to be etched. Figure 10 is a graph which shows the maximum etched depth (of
silicon dioxide} as a function of platen temperature. These results were obtained using a
deposition sohition containing 14.4% ammonium fluoride and a PAA acidic layer of ~
2.5 pm thickness. The maximum etched depth of the resulting donut-shaped openings
(as shown by Figure 9) was measured from the respective AFM profiles.

Clearly, the specification of the actual etching parameters used by a process or
application will depend on requirements such as feature size, oxide thickness required
by the process, completeness of etch and waste disposal. Although, the addition of
surfactants and other additives to either or both of the polymer and deposition solution
can improve etching performance, their presence in the waste fluid of the process may
be problematic. The etching method of the preferred arrangement does not require
their use. |

The method as described can be used to etch patterns of openings in oxide layers
which have been grown or deposited on polished, planar or textured silicon wafers.
Typically, for silicon wafer solar cell applications the surface of a wafer is textured
using wet chemistry etching methods to reduce reflection from the front surface and in
some cases, provide light trapping inside the cell.

Etched grooves and holes such as shown in Figure 5 to 8 can be used to form
metal contacts for silicon solar cells. In some cases, where the base of the grooves need
a subsequent diffusion step, the oxide layer can be used as a diffusion mask to protect
the non-groove surface from the dopant atoms during the diffusion process. In some
cases, the oxide acts as an etch mask if etching of the underlying silicon is required.
Depending on the conditions of the processes, an oxide layer of at least 300 nm thick
may be required. As demonstrated, etching grooves and holes through such oxide layer
using the method can be achieved.



silicon dioxide) and an oxidising agent for the silicon (e.g., nitric acid
or hydrogen 20 peroxide). These two conponents can be deposited by separate
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The surface layer can be an essential chemical component for the etching
reaction (as described for the preferred arrangement where silicon dioxide is etched) or

it can either act as a physical framework or contain additives required for the



necessary conponents for the process at just the locations on the surface
to be 20 processed. For processes such as etching, this approach is

advant ageous because toxic or corrosive chem cal conpounds are only _
generated at the location to be processed. This is desirable because of (i)

the increas of the process for hunman operator 1) reduce
chem cal @%e’%‘%éﬁﬁx’(l 1) reduced chem cal waste. Furt W&Tﬁﬁ}}%ﬂi‘/ﬂg?"ﬁ%e the 5

individual components of the processing reaction are typically nore easily
handled (i.e., are less chem cally actij¢e) than the active etchant or
nodi fier, the approach enables the use of patterned deposition techniques

h i nlcj printin he,corrosj.ve.ch Sty for the
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i nvention asexthovweritie dufficds P&EI DL tn RIS GtoRBN Featuyds! NOKInA6RARIh BaflcE OM t he
spirit orésﬁggf of the |nvent|on as broadly described. The present

enmbodi men % can Re nRddp supRly afditives {&igq é#@“eptqntﬁ sptalysis gparmes, geslugige
il Tustrativegastsl ofisingOipksits)dFbt #he procdshing reaction. For example, as described earlier

in this description, surfactants can be included in the surface layer. Catalysts and
enzymes can be added in a similar way, with their effective concentrations being able
to be controlled by the concentration of the additive in the solution used to form the

10 surface layer.

The ability to employ a surface layer as either an essential chemical component
(e.g., acid source) or as a physical framework may also be applied to the etching of
other dielectrics, semiconductors, and metals (e.g., aluminium, copper and chromium)
which are routinely used in semiconductor fabrication processes.

15 In a final variation, the surface layer can be omitted and both the first and
second components for processing the surface can be applied directly to the surface to
be processed. For example, silicon can be directly etched as described previously but
without the requirement for a surface layer. In this variation, it can be advantageous to
limit the spreading of thé deposited solutions using surface treatments. For example,

20 silicon surfaces can be pre-treated with hydrogen fluoride or ammonium fluoride
solutions to remove any native oxide layer that would render the surface hydrophilic.
Alternatively, physical barriers can be used to reduce the spreading of the deposited
fluids. For éxample, a mask can first be etched in a silicon dioxide layer, using the
preferred arrangement described above, then a source of fluoride (e.g., ammonium

25 fluoride) and an oxidising agent for the silicon (e.g., nitric acid or hydrogen peroxide)
can be deposited into the openings (grooves or holes) in the oxide. In this arrangement,
it is necessary to limit the concentration of the fluoride ion at the site of etching to
ensure that the oxide mask is not extensively etched in the process.

It should be clear that all the abovementioned arrangements of the invention

30 enable a process, such as etching, to be achieved by bringing together at least two

necessary components for the process at just the locations on the surface to be



cemllBa e e

What is clained is: 1. A nethod of etching a material, wherein the etching
is restricted to an etch pattern area on an unnasked exposed surface of the
material, the etch pattern area extending over only a part of the unnasked
exposed surface, the nethod conprising: (a) providing at |east a
first conponent required for the etching of the material _as a surface |ayer
ext endi ng d@@?m%m%&ﬂion of the unnmasked exposed surfacBCHAVIME N Beri al ,
the surface |ayer being a gel or solid |layer covering at |east the etch
pattern area; (b) providing atyg east one deposition conposition
conprising one or nore further conponents required for the etching of the
material; and c) appl.ying.the at | east, one deposition conposition
over the reBio87sY FPHB‘("ﬁ%fﬁeéssE\‘s'ﬁas ﬁ“ss"l?P‘iﬂé%b‘S v g‘??étbé‘i"f‘%ﬂ toxify 5
pattern cor bE&RHSEE BBentifal cbRp&indl aRadinhE féheritedat the location\Wh 8E @R¥edsblE f i1 st
conponent required for etching the material reacts-with the one or nore
further conpbisdvfcsirablisrsuse of O)theinersnssd sfetyof hepapcsss far hYANOPERIOEH et chant
to etch the(yBtRiPéheRital udafe; € (18} FlduR@ich@hitalatRR. FurthiforetRadmef claim1
wherein the layer conprising the first conponent, extending over the region
of the unhadKbivakparogens of feeproesting roaeticny ra tynieallyppere egsilyyhaagisflyi ng a
sol uti on copt.ai.ji 4.1 4 0, L of the
sol ution tonit?'e’ od(gés F%SEC gnlg?ﬁ%ct‘g’%gﬁgﬁ a‘@lﬁgtsﬁg’g‘ﬁnm@ge@%%é‘ﬁg%ﬂr face.

3. The net hognables ghajuse 2f \phtterredn depositiom tidvbuiquds sushl asi ingjet ipanting utlihen

cont ai nin Lrst o reses _a_fi. o] .Spi_nNy0n

nmet hod, agS%$§§k%0§FF%%m%§ﬁ¥¥y0§£§ %?ineiﬁéﬁﬁéiﬁgggﬁ%gT Sbﬁggﬁo aof claim
2 wher ei n t kemismidudtors arecdifftcalt o deposihin £ patstn-eiserpunestbecdusothe careidas an
additive &high en aqﬁﬁs ar cata §%Q§cthe etching of the material. 5.The

met hod of ° cPATRRFRSPeRd PAE IS PTISS acts as a surfactant during the
etehing of the TALAL b8lapproidBf bRRAM Qlucd! &'t Al Skl AtLT Ve

reduces the critic ace tension of the surface_ | ayer. .
anc{/or mo&ﬁcations may be made to the invention as show%{ in the specific

embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
15 illustrative and not restrictive.



7. The nmethod as clained in claim1l wherein an etchant created by the

m xture of the first and the one or nore further conponents has a physical
characteristic making it difficult 22 to handle and the one or nore
further conponents do not exhibit the Retspective characteristic or exhibit
the characteristic to a | esser degree than the etchant created by the

m xt ur e What iseldimedtisconponent and the one or nore further conponents. 8.
- The method of claim 1l wherein the material is selected fromthe group
consisting of silicon dioxide, silicon nitride, silicon carbide, TCOs,
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more further components required for etching of the material to form an etchant to etch the

material only in the etch pattern area.

2. The method of claim 1 wherein the layer comprising the first component, extending
over the region of the unmasked exposed surface of the material is applied by applying a
solution containing the first component and evaporating a solvent of the solution to deposit

the first component on the unmasked exposed surface.

3. The method of claim 2 wherein the method of applying the solution containing the
first component comprises a flow-on method, a spin-on method, a spray coating method or a
printing method.

4. The method of claim 2 wherein the solution containing the first component also
contains an additive which enhances or catalyses the etching of the material.

5. The method of claim 4 wherein the additive acts as a surfactant during the etching of
the material.
6. The method of claim 4 wherein the additive reduces the critical surface tension of the

surface layer.

7. The method as claimed in claim 1 wherein an efchant created by the mixture of the

first and the one or more further components has a physical characteristic making it difficult
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12. The method of claim 1 wherein the deposition composition contains a source of
fluoride ions.

13.  The method of claim 12 wherein the source of fluoride ions is provided by one or
more of: ammonium fluoride, a tetra alkyl ammonium fluoride, sodium fluoride, and lithium
fluoride.

14.  The method as claimed in claim 1 wherein the material comprises a dielectric layer of
a silicon solar cell device and the etching of the dielectric layer resulis in openings in the
dielectric layer.

185. The method as claimed in claim 1 including a final step comprising: washing the
unmasked exposed surface of the material, after it is etched, to remove any part of the layer
comprising the first component remaining outside the etch pattern area and any unwanted
processing products.

16.  The method as claimed in claim 1 wherein the at least one deposition composition is

delivered in drop-wise manner.
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17.  The method of claim 16 wherein droplets of the at least one deposition composition
are applied using a printing device.

18. The method as claimed in claim 1 wherein the at least one deposition composition is

delivered as a continuous fluid stream.

19. The method of claim 18 wherein the stream is generated by a device which is one of:
an electrohydrodynamic printing device; a continuous inkjet printing device or an aerosol jet

printing device.

20. A method of etching an unmasked exposed uniform surface of a material fayer,
- wherein the etching is restricted to an etch pattern area on the unmasked exposed uniform
surface, the etch pattern area extending over only a part of the unmasked exposed uniform
surface, the method comprising:

(a) providing at least a first component required for the etching of the material layer
as a surface layer extending over a region of the unmasked exposed uniform surface of the
material layer to be etched, the surface layer covering at least the etch pattern area and the
surface layer being applied using one of a flow-on method, a spin-on method, a spray
coating method or a printing method:;

(b) providing at least one deposition composition comprising one or more further ,
components required for the etching of the material layer; and

(c) applying the at least one deposition composition over the region of the unmasked
exposed uniform surface to be etched in a pattern corresponding to the etch pattern area:

whereby the first component required for etching the material layer reacts with the
one or more further components required for etching of the materia! layer to form an etchant

to etch the material layer only in the etch pattern area.



