WO 02/ 099162 PCT/ GB02/ 02412 1 PATTERNI NG METHOD This invention relates to
a nethod of formng high resolution patterns of material on a substrate
and enconpasgasithe field of catalytic reactions (especi alricy/Grocogatal ytic
coating nethods). Autocatalytic plating is a formof el ectrode-|ess
(electroless) plating in which a netal_ is deposited onto a substrate via a
chem cal reduction process. The advanthge of this technology is that an
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Processes exist for the autocatalytic deposition of a large number of metals,
particularly cobalt, nickel, gold, silver and copper from a suitable solution bath.
Basically, the solutions contain a salt of the metal to be deposited and a suitable
reducing agent, e. g. hypophosphite, hydrazine, borane etc. When a metal substrate,
which is catalytic to the reaction, is introduced into the solution bath it becomes
covered with a layer of the coating metal which itself is catalytic so that the reaction

~ can continue.

Deposition will only occur if conditions are suitable on the substrate to initiate and
then sustain the autocatalytic process. Therefore in cases where the substrate is a
plastic or ceramic, for example, additional steps are required to create suitable surface
properties. Usually, in such cases the substrate is “sensitised” with a reducing agent, |
e.g. SnCl,. Also, the surface may be “activated” with a thin layer of an intermediate
catalytic material, e.g. Palladium (itself a candidate metal for autocatalytic
deposition), in order to aid the deposition process. Such “deposition promoting
materials” are generally referred to in the literature as “sensitisers” and “activators”

respectively.



material s" are generally referred to in the literature as "sensitisers" and
"activators" respectively. WO 02/099162 PCT/ GB02/02412 2 Autocatalytic
deposi ti owoiog/ogmaner al | y enpl oyed to coat whol e surfaces. PomsBIR/02412 Or der
to formnetal patterns, e.g. for electrical circuits or decorative effects,
addi tional processes such as photolithography foll owed by etching of
surplus netal have to be perforned. There are di sadvantages to these
addi ti onal processes; including inflexibility, long lead tines, increased
costs and the use of excessive materials to provide coatings nuch of which
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solid environnents. cata ic materia at "are used I n such
react i ons perfofmete Theepos disadantageoivohdsa gddiivesl ipad®sdes,(iasludiegi ned above) but

al so includ t.her heterpgeneous catal ysts. and honbgeneous catal ysts.
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reactions in organic or inorganic chem stry, for exanple in the
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bi ochem cal testing in _diagnostic arrays and for .de-conpgsitional  analysis
of bi opol 5AFEPES %&wgé Enigcreas the ptelonACHY e S EORER &5, digkid qusRbgeneous
cat al yst's .alisohd &gl ude negative catalysts, comonly known as inhibitors,
whi ch noderate reactions. Generally in such reactions the catalytic
material used is either applied to or is effective over the whole of the

subst rat e gaterigl, and. 859 conseqyence, the react| an.f akes, pl ace over the
promoting materials “ (as defined above) but also includé other heterogeneous
catalysts and homogeneous catalysts. Heterogeneous catélytic materials include
metals such as platinum, rhodium and palladium and metal oxides containing catalytic
sites, e.g. perovskite cage structures. These catalysts are used in synthetic or
decomposition reactions in organic or inorganic chemistry, for éxample in the
Fischer-Tropsch synthesis of organic molecules from hydrogen and carbon monoxide
, cracking , or in the decomposition of hydrocarbons. Homogeneous catalytic
materials include enzymes which are used, for example in biochemical testing in
diagnostic arrays and for de-compositional analysis of biopoloymers and systems that

mimic proteozone behaviour. Homogeneous catalysts also include négative catalysts,

commonly known as inhibitors, which moderate reactions.

Generally in such reactions the catalytic material used is either applied to oris
effective over the whole of the substrate material and as a consequence the reaction

takes place over the whole of the substrate.

It is therefore an object of the present invention to provide a method of preparing a
substrate material such that it is capable of initiating a catalytic reaction over a pre-

determined area of its surface.



It is therefore an object of the present invention to provide a nethod of
preparing a substrate material such that it is capable of initiating a

cat al yti cwp@ao9dien over a pre- determi ned area of its surPataBIRO2/ 099162
PCT/ GB02/ 02412 3 Accordingly, this invention provides a nethod of
preparing a substrate material such that it is capable of sponsoring a
catalytic reaction over a pre-deternin%d area of its surface conprising
coating sone or all of the substrate material with a catalytic mnaterial
(as hereinbefore defined) which is capable, once the coated substrate is

i nt r oduced\dcBEdingdy, 3His iR B0 BoRt 36k I Gndt BRTSH 2B LiMY 1 2 ADHBAE malkiaBRRASOr i ng a
catalytic reaction over the coated areas of the substrate wherein the
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Surrounding areas of the substrate w be unaffecte i mum feature
si zes t hatniogbebubsirate by talpettaserafkiea npahiesm transfer techni que are
dependent on the particular mechani smused. For an ink jet printing
technique features of the order 20 m crons are possible. Screen printing

and/ or peByWsirg pagefmasdtkter niebhdRigis, 6RA SECInkfef pitii @S shebMpriiRdpeed, e.g. up
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reagent s ghabihieactill nogidpetieat a printed surface or can be contained
directly
The minimum feature sizes that result from the use of a pattern transfer technique are
dependent on the particular mechanism used. For an ink jet printing technique
features of the order 20 microns are possible. Screen printing and/or pen writing result

in much coarser features being produced, e.g. up to 1000 microns. Features in the -

range 20-1000 microns are therefore possible depending on the mechanism used.

The use of a pattern transfer mechanism removes or at least greatly reduces the need
for any processing (such as etching etc.) after the desired catalytic reaction has taken
place. Therefore the amount of wasted material is reduced and the overall process is

simplified which leads to cost savings.

Conveniently, the catalytic material can be synthesised from the printing of inks
_ containing reagents that react together at a printed surface or can be contained directly

in an ink formulation suitable for use with the chosen pattern transfer mechanism.

Conveniéntly the ink formulation can, in addition to the catalytic material, contain

binders and fillers which can enhance the properties of the intended catalytic process.



in an ink formulation suitable for use wwth the chosen pattern transfer
mechani sm Conveniently the ink fornulation can, in addition to the

cat al yti cwoabmedlel , contain binders and fillers which camCerdBnozi1ehe
properties of the intended catalytic process. WD 02/099162 PCT/ GB02/ 02412
4 Any organic /inorganic material that will solidify or "set" and be
adhered to the printable surface of the substrate may be used as a binder.
Exanpl es may be ink solutions containing polyners e.g. poly(vinyl
acetate), acrylics, poly(vinyl alcohol) and/or inorganic materials that

behave. as Asgreepimc Ahorgehic aek&iaCat WDSolidefybrtidraphdibe adrsrRItgRRXi de and
ot her al koxides. Fillers corrgri se insoluble particles contained in the ink
that are SHalblewsagHotbe sehsiaisresy ausas ahe bmden Fapmples meayiterink Typi cal |y,
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or polymer particles be added to ink to provide colour and/or texture
in the prﬁﬁgﬁﬁm S&Bégﬁé?ﬁﬁoFgﬁhnia, alumna, nica, glass, acrylics. The
ink may therefore be fornulated with any of these conponents and i ncl ude
the deposition promoting material to provide a wide range of properties.
Once t he Eiksss eantpsissansobwénpastidpasandaingd inHbe miriherarelesalt edmegh above then it

can be i i react.i on.envi.ro suitable . to initiate the
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i's an aut adizdabyblioar B inkg andeliloodnitRRerhfeid t4Bn 8LaGKI Rfsclch process is
t o deposi t’{i%églgfjglﬁi nto the scribed areas. This can be achi eved by
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up mul ti phdnDhing mhabrial keyRkRIRAVHE rFe of PRperleqr | ayers can also be added
to separate these different |ayers.

Once the subétrate has been pf_epared in the manner described above then it can be

introduced into a reaction environment suitable to initiate the required catalytic

process. For example, if the chosen catalytic reaction is an autocatalytic coating

method then the final stage of the process is to deposit a metal into the scribed areas.

This can be achieved by immersing the substrate in a suitable autocatalytic solution

bath. In general terms the’ catalysed surface may be exposed to any reaction

environment, including gas, vapour, liquid, solution or solid.

Certain catalytic reactions (such as the autocatalytic reaction above) will result in
material being deposited onto the prepared substrate and in such cases the process
according to the invention can be repeated in order to build up multiple material

layers/patterns. Insulator layers can also be added to separate these different layers.

Autocatalytic reactions are used to deposit metal onto a substrate. Such processes are
generally used to deposit whole surfaces. However, the process according to the
present invention can be used to deposit metal patterns in a pre-determined user

defined manner. To deposit a metal coating the catalytic material is chosen to be a



Autocatal ytic reactions are used to deposit netal onto a substrate. Such
processes are generally used to deposit whole surfaces. However, the
process awomeddrigzto the present invention can be used t@CdaRIgiozdioret al
patterns in a pre-determ ned user defined manner. To deposit a netal
coating the catalytic material is chosen to be a WO 02/ 099162

PCT/ GB02/ 02412 5 deposition pronntiné material. The prepared substrate in

this case wil] then be suijt, for sybsequent t al i by i mmer si on
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i's deposi E\.ﬁﬂb@fol; 0% s8R AL Yhtifie BFRASEIIANN RIQRAHS alBYatilpen al so
subsequently be coated wth further netals through el ectrol ess deposition,

provi ded tépesitionselutienal coating surface can catal yse or ion exchange wth
the subsequent nmetals. For exanple a sensitised substrate may be
autocatal ytically coated wth a |layer of nickel which could then be

further cunsg@ial voAing Whith efepedired by ahessocaplpixedepositibh prevessoadyi thgn of
copper. Alternatively, if the first.electroless coaﬁi ng isS..copper a
further ca&® pehsedrently feragienaibdpshar magals fropgh eledlipless eRSIHOs or ¢ he
autocat al yt i i1 ] [ IS0 oF W SbideEenth thaetal salts

whi ch ar e¥%olr\{gdr?gglg€ gggglfhtlggitglﬁtsgﬁaaéegcg%g?t:aﬁ’ggg substrél?e at the sane tine,
for exanphubsejuekiemetaid Foopperple Asenaitiset subalrate inval Heyauthspabiticelty easted pattern

| so be fyrth t i t i.d f . | ds b
el bt T odeRBEPHFYH o et Hah ERaR St Teh e e Br QLT PESTORR hs i n L he
pattern tgrReds #fthbheatd HodRpat AgBralieay riothktire datblesfbotxgipl e is the

el ectrodeposition of "chrom unmt plate onto nickel to prevent tarnishing.
The deposkeripena frthenedaimeradttiarmay bendpposithdpri se a reduci ng agent (a
"sensitiser") such as SnCl2, glucose, hydrazine, am ne boranes, ‘
borohydri de, al dehydes, hypophosphites, tartrates. The reduci ng agent(s)
can be di &3ohlvedodsitiof@nke arocaalgicodepotition fadltiawtongnizil two diffeseaht s i n or der
to forma suitable .ink formul ation;, water, .rreéh@{nﬁ)l ir]%ustrial met hyl at ed
spirit (1Meil salisgphiphare tg?rb%fh PROSHR(E QIO 3 SBSHISEY SERFFIgte at thg PREAMSYi ot hyl ene
glycol, dggtbyleRe;idey s cdppey! ether, |-phenooxy-2-propanol,

~ An autocatalytically deposited metal pattern may also be further coated with a wide
range of metals or compounds by electrodeposition, provided there are continuous
electrical paths in the pattern to act as the cathode of an electrolytic bath. An example

is the electrodeposition of “chromium” plate onto nickel to prevent tarnishing.

The deposition promoting material may comprise a reducing agent (a “sensitiser”)
such as SnCl,, glucose, hydrazine, amine boranes, borohydride, aldehydes,
hypophosphites, tartrates. The reducing agent(s) can be dissolved into one or more of
the following polar solvents in order to form a suitable ink formulation; water,
methanol, industrial methylated spirit (IMS), isopropy! alcohol, butyl acetate, butyl
lactate, diethylene glycol, diethylene glycol butyl ether, 1-phenooxy-2-propanol,
dipropylene glycol and glycerol. Other suitable solvents exist which would be capable

of performing the same purpose as the above examples.

As an alternative to, or as well as, a reducing agent, the deposition promoting material

could be an activator such as a colloidal dispersion of a catalytic material. For



di propyl ene glycol and glycerol. Oher suitable solvents exist which would
be capable of perform ng the sanme purpose as the above exanples. As an

al ternatiwe o996z as well as, a reducing agent, the depo®CmiGBu2pe4apnoti ng
material could be an activator such as a colloidal dispersion of a
catalytic material. For WO 02/099162 PCT/ GB02/ 02412 6 exanple pall adium
cobalt, nickel, steel or copper could be added to an ink fornulation to

I h
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with the ganallpionto d@EEEe abatenkanked dydshion. t he aut ocatal ytic sol ution
bath. For exanple, Ni or Fe could be added directly to an ink fornul ation.
Once the coated substrate is introduced into the autocatal ytic solution

bath the genogihlofhe ﬁ%f%é a%ogﬁfoﬁr r@rh%ﬁﬂgqﬁateﬁﬁ%obmeea%h@m@am th the
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provi de porous and textured surface ef whi ch can change the

nmechani calprométéngrmadterialuadengpesion eesplnangamthéhﬁjm@tai il the petoprtelpdd ti es of
deposi t ng?lmﬁt althere h&c‘lé&%ngﬁl f&lt?gn &'tﬂéj Srdidhs Pﬁnf nk fornul ation may

addi ti onal TR reve e5| on i t he printed substrate
of the dep05| tion prom)tl ng agent dur| ng el ectrol ess coating. The
inclusion of fillers may_serye to inp g e Co tﬁ?act bet ween the deposition
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incorporate a porous |ayer can influence the adhesion, scratch
resi st ancéinaMeﬂabcaaUng ecnhaltdaéh@ @lclﬁwqu@lﬁthe@ll@@plﬁ@&; skl maiﬁlalsuh,stiaﬁamé Wiere a

chem cal r c i s depos trate onme the
deposi ti orf” ab 3’(?1‘8 %E]%THPSME Tng?‘ﬂé?chj%lﬂfn ?f?cc CrafPI ﬁ% Yise a further
step of i (B¥BASEANGhENRI NP1 NSPichIS 8l cadHasd pﬁr@b@‘nbd’l@ﬂﬁe@ﬁsmﬂg ektikdi at e
sol ution bath of
The inclusion of binders in the ink formulation may additionally serve to prevent loss
of adhesion from the printed substrate of the deposition promoting agent during
electroless coating. The inclusion of fillers may serve to improve contact between the

deposition promoting agent and the autocatalytic solution bath.

As an alternative to including binders and fillers within the ink formulation the
substrate may incorporate a porous layer which can influence the adhesion, scratch

resistance and texture of the subsequent electroless metal coating.

Where a chemical reducing agent is deposited onto a substrate to become the
deposition promoting agen;c, the method may conveniently comprise a further step of
immersing the now “sensitised” substrate into an intermediate solution bath of
reduci.ble metal ions (prior to the final autocatalytic solution bath), to provide an
“activating” metal overlayer on the deposition promoting agent. This further step has
the effect of aiding the deposition promoting material and promoting easier deposition

of certain metals (such as copper, nickel and cobalt).



reduci ble netal ions (prior.to the final autocatalytic solution bath), to
provide an "activating" netal overlayer on the deposition pronoting agent.
Thi s furtwern2eeam has the effect of aiding the depositi oRCprGBmi241Q

mat erial and pronoting easier deposition of certain netals (such as
copper, nickel and cobalt). WO 02/099162 PCT/ GB02/02412 7 For exanple, for
the case of an ink fornulation contairi ng SnCl2 as the deposition

pronoting_material, once the substrate . materi.al had, t he SnC12 applied
to it, itFensranipde fombe S&0 of AR BUah Wf%?%%@f‘@ggﬁﬁmsgh? gg{oﬁm@grrpri sing a
dilute aqgl%%b%ing%%ﬁﬁ,”oncefthePs%GQt?ate Thisia R thdhenciepasiditon, Rfad met al

onto the areas of the substrate coated wth the deposition pronoting
mat er i al . bé immhmedehtd ac triteratedidte slibpnbathecarprising a diergugus rivih

aut ocat al yf.J ution then autocatalyti.c d iti A e onto
the Pd ne éﬁc@f}bﬂs H?PSFW?‘EB%O&FQ’%& Ferﬁetglsonﬁ(gg%u#éalgﬁf{g{aessgts)&%nlfi?%t e netal
to be degasithedeosRivh hhen@iHoaa@abAAlyIfithe BéPasivitedhsubbiasth is sovei t her copper,
ni ckel or cobalt.” As an alternative to the above_the .ink {orrml ation could

contai n PiOnherseditte ad aeboatgmds soluties] thenpgcaayds fencsitionitlizke Rideo t he
substrate, an, ipferppd | GPONE! fhdBenPeGhPiome t he
surface oPnﬁoﬁgegg&e@gﬁ%ﬁltﬁﬁ%%%n@%{igtge?slun%%rglrsi ongslrn ar di | ut e aqueous
sol ution eépdsied Fom thwrentsemalytindeposition bedtiakiphdr copeposthel onciaith coul d
then take place as before. In a further alternative, the internediate step
could be omtted by using a "reduced" conplex as the deposition pronoting

material, als.q8-41(bR1iJeRARE HiRE (R QREEInAdatiH Quld@dontEOREC]L iastéaratul ated to
contain a conbination of chem cal species conprising both a reggm ng agent
(S

and an acShGht BollovAog depaaitiohef this pptoSheapsiraten 87 tiieaeyiakmeiemperet

activator) coul dded to the d f |2t l: | osition of
'Ehi s ont otc} ‘f%egglﬂ)els)ﬁ gt ﬁgtsgfffa%q off[tﬁéés%b%{)rg% rtg?g%%(% :1_38 ulgg)[%rﬁfgl} ggal[jced

i medi at elyudenigRediBoludith OESKEIL Viirgersiop dsant iuaocasaytitt daposition Hethasinld t he

nmetal of choice. Enbodi nents of the present invention will now be descri bed
wi t h- r ef etleendeka pageyws befeonpanyi ng drawi ngs in which: Figure 1 shows the
three stage process of producing a netallised substrate using an

In a further alternative, the intermediate step could be omitted by using a “reduced”
complex as the deposition promoting material, i.e. the deposition promoting material
could be formulated to contain a combination of chemical species comprising both a
reducing agent and an activator. For example, both SnCl (sensitiser) and PdCl,
(activator) could be added tothe ink formulation. Following deposition of this onto
the substrate material the substrate could be introduced immediately into the

autocatalytic deposition solution to deposit the metal of choice.

Embodiments of the present invention will now be described with reference to the

accompanying drawings in which:

Figure 1 shows the three stage process of producing a metallised substrate using an
ink jet printing system.
Figure 2 shows the three stage process of producing a metallised substrate using a

screen printing process.

. Turning to Figure 1, an ink jet printing system 1 coats a substrate 3 with an ink

formulation containing a deposition promoting material in a user determined pattern



ink jet printing system Figure 2 shows the three stage process of
producing a netal lised substrate using a screen printing process. Turning
to Fi gurew0,02a16nk jet printing system 1 coats a substrateTHBmmian i nk
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'detailed below. All the printing inks considered below meet the following criteria:

1) They contain materials that are able to pass through the chosen printing
mechanism (either an Epson 850 inkjet system or a Dek screen printer);

2) They contain liquids with the correct properties for the printing process, for
example suitable viscosity, boiling point, vapour pressure and surface wetting;

3) Where suitable they contain binders and fillers affecting either the viscosity or

physical printing properties of the printed ink.
Example 1.

As discussed above it is sometimes convenient to immerse a substrate that has been
coated with a deposition promoting material that comprises a reducing agent into an
intermediate solution bath of reducible metal ions (prior to the final autocatalytic

bath) in order to provide an “activating” metal overlayer.

In this example a tin compound was dissolved into a polar solvent in order to form the
inkjet formulation. This formulated ink was then printed onto a polyester substrate
and allowed to dry. The coated substrate was then introduced into an intermediate

solution of a metal salt in aqueous solution.
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was printed onto a polyester substrate and dried at 60°C for 1 hour.

Following drying each of the inkjet printed and screen printed substrates were
immersed into a dilute intermediate solution made from a palladium salt. This
solution was prepared using PdCI2 in the concentration range of 1 milli-molar to 0.1
molar dissolved into de-ionised water using a second salt (e.g. ammonium chloride) to

aid the process.

The substrates were immersed in this intermediate solution (concentration 10 milli-
molar) for 10 minutes. The temperature of the intermediate solution was in the range
10-1000C.

Following immersion in the intermediate solution the substrates were dried and then
placed into a commercial autocatalytic solution of copper. Copper was found to have
been deposited on each substrate only where the pattern of reducing agent had been
printed. Where the binder was used in the inkjet ink, the metal had improved adhesion

to the substrate.
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mixture of solvents).

The solution of palladium ions was added to various quantities of a second solvent to
make up a range of stock solutions. In the present example ethyl lactate was used as
the second solvent. For inkjet formulations the stock solutions contained the dissolved
palladium compound in the concentration range 0.1 to 50 millimolar, but preferably 1
to 10 millimolar. For screen printing formulations stock solutions were prepared with

concentrations in the range 0.1 to 100 millimolar but preferably 5 to 25 millimolar,

Two inkjet inks were formulated. The first comprised the stock solutio_n alone and the

second contained 1% of ethyl cellulose dissolved to act as a binder.
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of sheets that were not immersed in the SnCl,.2H,O solution did not undergo

autocatalytic deposition of copper.

Example 3.

In this example the ink contains a colloidal dispersion of either a catalytic or

autocatalytic metal.

Tn the case where the print transfer mechanism was screen printing, a screen printing
paste was prepared that contained a low to moderate loading of metal powder in the
range 1-30%. In this example Acheson 6018S TiO, paste was mixed with a cobalt
powder f particle size S¥m to 25% by weight of metal. After printing and drying an
autocatalytic layer of cobalt was deposited onto the printed features (Acheson paste

without the cobalt metal dispersion was not autocatalytically coated with cobalt).

In the case where the print transfer mechanism was inkjet printing a “reduced

complex” was prepared in several inks for use as the “deposition promoting material”.

Inks 1 and 2.
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nickel and those from platinum series metals, e.g. platinum and palladium.).

The final solution, the “reduced complex”, was therefore SnCl, .2H,0, and
additionally palladium chloride in the range 0.1 to 500 millimolar, but preferably 1 to
20 millimolar and 0.01 to 10 molar of the second compound CaCl,, but preferably 0.1
10 0.5.

The solution of palladium chloride on addition to the tin(II)-containing solqtion
changed colour from light to deep orange as a consequence of the formation of a
reduced complex. The reduced complex was also found to be more stable with

increasing anion concentration from the second compound.

Ink 1 used the final solution alone, whereas Ink 2 contained an additional 1% ethyl
cellulose by weight dissolved into it, to act as a binder. Both inks were printed to form
a pattern onto separate sheets of polyester chosen from a wide range of suitable
materials. After drying the patterns they were immersed into an autocatalytic nickel

solution and nickel deposited only onto the patterns.
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The final solution therefore contained in addition to the tin compound, 0.1 to 500
millimolar (but preferably 1 —20 millimolar) of palladium chloride and 0.01 to 10
molar (but preferably 0.1 — 0.5 molar) of the hydrochloric acid. The solution of
palladium chloride on addition of the tin(II)-containing solution changed colour from

light to deep orange owing to the formation the reduced complex.

Ink 3 comprised this final solution alone and ink 4 contained additionally 1% by
weight ethyl cellulose dissolved as a binder. The two inks were printed and dried onto
separate sheets and immersed into an autocatalytic nickel solution bath where nickel
deposited solely onto the printed areas. Both inks appeared to have a good shelf life
using hydrochloric acid in the concentration range 0.05 to 0.5 molar. The advantage
of ink formulations using hydrochloric acid in this example is that this component
once more improves the stability of the ink but yet can be removed simply by drying
out of the printed layer, thus leaving a higher weight percentage loading of the

catalytic activator.

Inks 5 and 6. . '
These were prepared using a suitable palladium compound, in this instance palladium

chloride, dissolved into dimethylsulfoxide, DMSO, along with a second compound,
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- calcium chloride to aid dissolution provided that the concentration of the salt was
above 0.15 molar, otherwise it decomposed like ink 1 and 2. Both inks were printed to
form a pattern onto separate sheets. After drying the patterns they were immersed into

an autocatalytic nickel solution and nickel deposited only onto the patterns.

Inks 7 and 8.

In this formulation the inks were prepared in the same way as inks 5 and 6 but the
second compound in this instance was sodium hydroxide added to an amount to 0.1 to
500 grams per litre, but preferably 1 to 100 grams, in the DMSO solvent. To this
solution was added ethyl lactate to produce a resulting solution containing Pd** ions
in the concentration range 0.1 to 50 millimolar, but preferably 1 to 20 millimolar and
sodium hydroxide dissolved in the concentration range 5 to 1000 millimolar but
preferably 10 to150 millimolar. To this a reducing agent was added, for example a tin
compound, which in this instance was SnCl, .2H,0, to give a concentration of 0.1 to
100 millimolar, but preferably 1 to 40 millimolar. The solution changed from light
orange to a deep claret /red colour as a result of the formation of a dispersion
containing the “reduced complex”. The dispersion of the reduced complex was found

to be more stable in the presence of the sodium hydroxide.
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fromlight orange to a deep claret /red colour as a result of the

f or mat i orwofo2adssper si on contai ning the "reduced conpl ePCI/GBoe/ogli1gper si on
of the reduced conplex was found to be nore stable in the presence of the
sodi um hydroxi de. WD 02/099162 PCT/ GB02/ 02412 15 Ink 7 used this solution
alone and ink 8 had an additional 1% &t et hyl cellul ose dissolved into it

as a binder._ Dunmmy. i nks. a contral test, ink r r red with the same
appr oach gﬁ;‘?‘ﬁﬂ@gqglséﬁﬁmgnﬁ fic g l#ig%ad@&ﬁﬁéﬁwamOgﬁﬁf‘g‘%}f%e printed and
dried i ”kﬁis&ﬁ‘?é‘di Edlﬁlqs Qb0 support autocatal ytic nickel deposition. A
second palr of 1nks was al so prepared using the sane preparation as for

inks 3 and 4, but in this instance the palladi um conpound was onitted.
Once again the printed and dried inks were found not to support
aut ocat al @H—I@’élg%ési tion of nickel. Exanple 4. |f the deposition pronoting

materi al A a@oh@EUek8ks3968 rphr, witiothe 3agbiapitohsh StitlonDand 2tucthagnagent ,
autocatal ytic netals can be reduced djirectly fromthe autocatal ytic

sol uti on bempourhwasy et nheayiatad dnd drisr dnlsaree waddiohit HPPERi ne bor ane
(DVAB)  whi.ch | $S0 .i1nto ethyl lactate to form an inkjet
formul ati 817111:80 t%@ﬁ%gis&glxdgég té(I)I?he DVMAB concentration in the ink was in the
range 1 - AM@cond pdii ofihks wabalto prepired abihy thesatieepremnajiones faninks 3 kidol ar. The
printed and dried jnk s then imersed into gn tocatalt}'}tic 8' ution of
a copper Salut tNISHEARGNC BPRAN B ICRTROWYDRT 08 e IErisy ont 8"e print ed
area. As %nd’é’xfié@i%ks bRrd nagl?&\{é sty omidued da@ilyticldép Byt v b Ot Ek & f

u

g

pol yvi nyl butyrate was added to the ink as a binder. The printed materi al
coated and adhered will to the substrate, in this case a sheet of
pol yest er g The dgposi tion pronoting material formed by the described
treat ment TSARBISE the aut ocatal ytic deposition of electrol ess copper to
take place on the printed area and was unaffected by the presence of a
bi nder. :

If the deposition promoting material is a reducing agent then, for a suitably strong

reducing agent, autocatalytic metals can be reduced directly from the autocatalytic

solution bath. The reducing agent in this case was dimethylamine borane (DMAB)

which was dissolved into ethyl lactate to form an inkjet formulation.

In this example the DMAB concentration in the ink was in the range 1 — 50
millimolar, but preferably in the range 1 — 10 millimolar. The printed and dried ink
was then immersed into an autocatalytic solution of a copper salt at 50°C and

electroless copper coated only onto the printed area.

As a variant to the above formulation, 1% by weight of polyvinylbutyrate was added
to the ink as a binder. The printed material coated and adhered will to the substrate, in
this case a sheet of polyester. The deposition promoting material formed by the
described treatment enabled the autocatalytic deposition of electroless copper to take

place on the printed area and was unaffected by the presence of a binder.

Inks formed according to either of the above variants which lacked the reducing agent

in the formulation were unable to sponsor electroless copper deposition.

Example 5.



I nks formed according to either of the above variants which | acked the
reduci ng agent in the formulation were unable to sponsor el ectrol ess
copper dewognwdum Exanple 5. WD 02/ 099162 PCT/ GB02/ 02412 PCIGHI/0241R S
exanpl e a layer of colloidal netal was fornmed on the surface of the
substrate by reducing a netal conpoqu on the surface of the substrate by
imrersion in a strong reducing agent.” In this exanple a copper(Ill)
conmpound was dissolved into ethyl lactate to forma solution of Cu2+ ions
and inkj et printed. Any suitable copper conpound and sol vent comnbination
to form arsglidiiaipl0h 149eR b EMRSIaC Rietl wagYanean thhasie obtiie shistmte opper
(I'l') chloride was ‘used.” The copper concentration in the ink was in the
range 1 tby3selusing 4 meteheomprnnd oprthe surfase pf the subErateli@ e 1®a i | | i nol ar .
The printﬁg and dﬁigg iqk was then imersed in an aqueous sol ution of

di met hyl a Wﬁ%%%W%H “EOVAB, in the concentration range 1 to 50m | |inol ar
but preferably in the range 1 to 10 mllinmolar at 500C for 5 m nutes
fol |l oned by ninsinq in water. The substr.at ) i in an

. ﬂa thegllnneis d
aut ocat al J# flés enRle 8 5oprerdDCOpReprnE HAt disspiveddpioig faskate Oo%ﬁ@ra coated only
the print ggluﬂ&ﬁ@f ClL? ind ali'lrdtﬂglﬁét Op&ﬁ&&g_h%y AN c¥Rjed B&mﬁkfunﬁcah&‘éblﬂwltbm yrate
e inder. The

was added to t Ink as a printed material coated and adhered

vel | to tkembiation & formiasolution of £1&" ians erdehavsibepn chaset.diut heswcaPpidr e
electroleiﬁ éﬁgﬁgr deggﬁited onto the printed area only. A second

subst rat e &y WEH"%i s ink and not immersed in the DVAB sol ution and
was unable to coat with copper as described. Athird substrate printed with
an ink having no netal salt and yet inmmersed into a._solutjon of DVAB was
al so unabiT&e ceppaisonceatiaten i the ke thegapssi {9 %%m%kﬁﬁ}:ﬂreb‘@. As descri bed
above ink | FQr. i 0 N d L e B as titania and
carbon bl c%érla%@ol ?{giéf}a{lggzrtlﬁgﬂéngﬁ[ Ogéré %ée@!tn;ﬁ\%%%z&siﬁ%afﬁ% @gglg}nal ytic

reacti on. immersed in an aqueous solution of dimethylamine borane, DMAB, in the

concentration range 1 to 50millimolar, but preferably in the range 1 to 10 millimolar

at 50°C for 5 minutes followed by rinsing in water.

The substrate was then immersed in an autocatalytic solution of a copper salt and

electroless copper coated only the printed area.

~ In a further variant, 1% by weight of polyvinylbutyrate was added to the ink as a
binder. The printed material coated and adhered well to the substrate, in this case a

sheet of polyester. Once more electroless copper deposited onto the printed area only.

A second substrate coated with this ink and not immersed in the DMAB solution and
was unable to coat with copper as described. A third substrate printed with an ink .
having no metal salt and yet immersed into a solution of DMAB was also unable

sponsor electroless copper deposition

Example 6.

As described above ink jet formulations can contain filler particles such as titania and

carbon black in order to enhance the effectiveness of the catalytic reaction.



WO 02/ 099162 PCT/ GB02/02412 17 In this exanple a standard conmmercial bl ack
printing ink was used, which contained carbon black filler particles able
to be inkweto2jpedint ed. Separately, a palladi um conpound (i rCTldBN202882

pal | adi um chl ori de) was di ssolved into hot waterand had anmoni um chl ori de
in an equinolar quantity to aid dissolution. The concentration of the

di ssol ved palladiumions was in the réﬁge 0.1 to 500 mllinolar, but
preferably 75 to 150 mllinolar. The concentration of the chloride

chem cal used to aid dissolution was 0.1 to 500 m|linolar, but preferably
75 10 15071, fid L0185 stah@arll RbAmMMAS MR Griduhy Inkak£0QRel WRcREQHMGE] 2

sol ution where the concentration of palladiumions and second conpound
wer e in t kerboahlpekdiller potisle®abletd bé imgjehprintedit preferably 10 to 50
mllimlar. This solution which usually deconposes to a grey precipitate
after a short tinme was instead added inmmediately to the comercial bl ack
printing iSefarhtelyl B@aNalivmRompbil Gf thidcdse pailifiandhlatiiewest disolvdgconpose by
coating the carbon particles instead. A printed and dried pattern of the
resul t i ngiitpRobaigrang hed apymoniuysk Piprige pen emERelangmngy te ax!fgd@ :

el ectrole Wi : ' ogngpei al i nk but
W t hout tﬁgeg%%é}fr?ﬁcgﬁ%p%ﬁ%%%ég ﬁdﬁ%@gﬁ 1§P§%SSWJ%§B#299 'gl achibeve

el ect r ol essllgepas bti maferabiye7Sta 130edillimolani THe capgameriiat ef thlablotiie above

rinciples, can be lied wth differe t ocat al yti terials and

gol uti gnsc}é‘?’iﬂlcﬁliqsieggg?ffl dﬁ%é%wﬁ? éﬁé? Bbo H:Ea]tﬂﬂﬁﬁ rsﬁﬁyﬂrﬁgragﬁ’dgtotﬂoﬂpr oduce
the desirgfnmial |Tees Rddaad bayNALLIRY RS poah® a foRitiodNMERé the the 1 nkj et
printing ink fornulation relating to Figure 1 could also be delivered onto
a subst r aercehiyatinaefpadpdinmfipiyy andtseppeldopmeundweredia the wnge edtie SPhe desired
attern. 02/099162 [ Q2412 I . d of preparing a
gubst r at e% (Zagrl"ilra l}tspﬁgﬁ%li?gﬁ? %téblzrélﬁ%%lﬁa 'Irléh%aéhél\%gﬁg}gﬁl @agg cat aloyt Pc °
reacti on dy@mpbsey R-dleteprecipaeteaniena siori fime swus fratad addgrinsalitelgadi ng

the commercial black printing ink in the volume ratio of 10 to 50% and allowed to
decompose by coating the carbon particles instead. A printed and dried pattern of the
resulting ink on a synthetic inkjet paper sheet was able to sponsor electroless metal

deposition.

A second sheet with the commercial ink but without the deposition promoting

material was unable to achieve electroless deposition.

The skilled man will appreciate that the above principles can be applied with different
autocatalytic materials and solutions and different pattern transfer mechanisms in
order to produce the desired metallised and patterned substrate. For example, the
inkjet printing ink formulation relating to Figure 1 could also be delivered onto a

substrate by means of a fibre tipped pen in order to create the desired pattern.



sone or all of the substrate material with a catalytic material (as

herei nbefore defined) which is capable, once the coated substrate is

i nt roduceaoiabwie2 suitabl e catalytic reaction environmenPCTaiBogp120ri ng a
catal ytic reaction over the coated areas of the substrate wherein the
catalytic material is printed onto the substrate by a pattern transfer
mechani sm 2. A method of preparing al$ubstrate such that it is capable of
sponsoring a catalytic reaction as claimed in Caim1l wherein the pattern
transfer smis inkjet printing. 3. A nethod of preparing a
substrate such that it is capable of sponsoring a catalytic reaction as
clainmed in any preceding claimwherein the catalytic reagent is contained
wi thin anij ncknfedrdmbfqtrépminga.summm@wi@lfsuphélpéitiiﬁgapablwggmnéwén%@ch t hat

it is capable of. sponsoring a catalytic reacti b i:p,Claims3
wherein the qawﬁytpd%ﬁ%}ogtqvgﬁa B{?ﬁ‘fe;?rﬁgneéloﬁ?at ?%ﬁsaﬁugﬁgfl?lod@rgsh‘g%ﬁ lgﬂgf illers
capabl e i n ugeeQfr AHTACLMErdtO Bratedablvith aGatbAlimatBrialgas ereibdfork of
depositing a material onto a substrate in a user defdﬁgggigfatter by neans

of a cat al ytdefine®aekichis copmie. A gherqeated supsragy 1s iptyo : qfhﬁufiaE]@ substrate
such that it {aiytf ax%gcqgﬁl cf%i irGRRdR Odf sﬁgns?)ﬁiglg%aéa%'aﬁﬁﬁ:dreéc%‘%ﬁto'v@t”ché‘%o&édi' med in

any of clai e X I') exposi repdred substrate fromstep (i)

to a suitablgedseAgandubsieay inherviretht cstabictnvaeridl hepiaedbytoitie substcate by
deposits material at the %ur,f ace of the substrate. 6. A nethod of

deposi ting & PRECEF eIty Reshani&Bpstrate in a user defined pattern by neans
of a catalytic reaction as clainmed in Cdaim5 wherein the steps (i) and

(ii) are,repeakid Mbrgﬁﬂ%% 2l b HRROSIch tHBt it i§ PhRiblorapsnsofingatcatalygic ont o t he
substrate. WO 02/099162 PCT/ GB02/02412 19 7. A nethod of netal, Pl ating a
substrate i rreactioses ciéhphadClain § erherdiy therpaiigioieasir yigchaniyp conpri sing
the steps of:.i.}l preparing a substrate material according to any of the
precedi ng c I Evge: :

3. A method of preparing a substrate such that it is capable of sponsoring a catalytic
reaction as claimed in any preceding claim wherein the catalytic reagent is

contained within an ink formulation.

4. A method of preparing a substrate such that it is capable of sponsoring a catalytic

reaction as claimed in Claim 3 wherein the ink formulation contains additional

binders and/or fillers capable in use of enhancing the catalytic reaction.

5. A method of depositing a material onto a substrate in a user defined pattern by

means of a catalytic reaction comprising the steps of:

i) preparing the substrate such that it is capable of sponsoring a catalytic

reaction as claimed in any of claims 1 o 4 and

ii) exposing the prepared substrate from step (i) to a suitable reagent
environment such that the catalytic reaction deposits material at the

surface of the substrate.

6. A method of depoéiting a material onto a substrate in a user defined pattern by
means of a catalytic reaction as claimed in Claim 5 wherein the steps (i) and (ii)

are repeated in order to deposit multiple layers of material onto the substrate.



wherein the catalytic material is a deposition pronoting material (as

her ei nbef ore defined) which is capable, once the coated substrate is

i nt roducewoiagrian autocatal ytic solution, of facilitatingCrreBodepagition
of a nmetal coating froman autocatalytic solution onto the substrate, and,
ii) introducing the prepared substrate material fromstep (i) into an
autocatal ytic deposition solution, t hé® aut ocat al ytic solution conprising a

netal salt apd reduci n ent. .8. A.netho f al platin substrate
by an aut o IESEHBCRRGE s St o RLSR B ol Rie & & HPSBURE of ng
the further befs@bmpiin®ehectdpd obhe coated substrate fromstep (ii) of

Caim7 into a further autocatal ytic solution conprising a further netal

salt and a reducing agent. 9. A nethod of metal plating a substrate by an
aut ocat al yt iit depysparingr? ybeEre Hatesial eqcardingito any of dheRroced MgpaigiSng t he
further step of i I ; A terial.: mstep (ii)
of daim?7 into avgﬁéer?%g% g%?/lwcgm%%?l %iﬁgr%%épgﬁl&ﬁ @O@égﬁagééggg%i t a further
metal . 10. A net Hodeiobefortdefingd)atlicigisaapatids tanat thelrpaiad sehstrateds al ytic -

deposition process, a l.ai med in ai m 7 wherein.the autocatal ytic
sol ution cont ai nabirgacsfl ip e spispapytie §<&P&1%f_l’i°ﬁ%§§#e&u?gp ¢ dgaositRidthod o
metal plating a sybstEtifs Bbnfdh AGERHR! BlltHndRROBE SLARAR QLSS as

claimed in Caim7 whereih the deposition pronoting material conprises a
reduci ng agent. 12. A nethod of nmetal plating a substrate by an
aut ocat al yt ilg depaspduciis the pespered gubstigteanptstial fromistepr(d) Ttate8r ei n t he

deposition pronot] rj 12, o ting a
substrate by an aé&?%g%ﬁycieﬁémlé@p%glg I C)Hljef)ﬁ}l })dc?'éls fa}%gluglFréilggn%lgllllslﬁ aim?7
wher ei n t he deposhétebsaltpndantdusthgrmest i al conprises an WO 02/ 099162

PCT/ GB02/ 02412 20 activator conprising a colloidal dispersion of a

catal yt crat erfol, WLh |5, CORRHL S, L O0E SIS SHESLIGHS, ol i Loduoed i nto

claimed in Claim 7 comprising the further step of introducing the coated substrate
from step (ii) of Claim 7 into a further autocatalytic solution comprising a further

metal salt and a reducing agent.

9. A method of metal plating a substrate by an autocatalytic deposition process as
claimed in Claim 7 comprising the further step of introducing the coated substrate
material from step (ii) of Claim 7 into an electrolytic bath in order to

electrodeposit a further metal.

10. A method of metal plating a substrate by an autocatalytic deposition process as
claimed in Claim 7 wherein the autocatalytic solution contains two or more metals

salts in solution.

11. A method of metal plating a substrate by an autocatalytic deposition process as
claimed in Claim 7 wherein the deposition promoting material comprises a

reducing agent.

12. A method of metal plating a substrate by an autocatalytic deposition process as

claimed in Claim 7 wherein the deposition promoting material is SnCly,

13. A method of metal plating a substrate by an autocatalytic deposition process as

claimed in Claim 7 wherein the deposition promoting material comprises an



initiating and sustaining an autocatal ytic reaction. 14. A nethod of netal
pl ati ng a substrate by an autocatal ytic deposition process as clained in
Claim 7 vweroeiogpibhe deposition pronoting material conpri s@€TaBmeAei al
that, once the substrate is introduced into an autocatal ytic deposition
solution, will undergo ion exchange with the netal salt in the

autocatal ytic deposition solution. 18° A nethod of netal plating a

substrate by an autocatal ytic. d sitipon proce clainmed.in Claim?7
wherein the %Y?’FSHC%}BHFIW%?!EPI gg@%h%?ﬁsg’éﬁ@ﬁétai}?‘@ﬁn%t?nalw Fdtuci ng t he
substrate aféagablbtoﬁ&%hé)ﬁl%&ré%@ﬁtlﬁgoaﬁcwu&@@n depeshlliioslpiaeEi ng nateri al
into an aqueous netal salt solution with which the deposition promoting

mat eri al wi lihitiagiag tnd eustaging en phtecatelytit rdacioen.t he aqueous netal sol uti on
onto those parts of the substrate that have been coated with the

[t s capatt e P meR] Pl ik B AR oRE: Rl SERARATBEAER: v e

aut ocat al yt | ais@tuh Clin mvhe@hahy gépgitionerolepiisy mbterial @mmistus t her net al
froman autocatal ytic deposition solution 16. A rrethog]itof netal plating a

substrate byn%iiﬁﬂéldb%ﬁlﬂ%@? F‘tbSHétﬁér%linfrPGWeéﬁ@E@é@u%ata igidRRFMHN O ai m 7
wherein the deposi w?end%&gm&l'e;agﬂ ﬂgé%h%e &QﬁPEe{lﬁﬁsth@autSQdet' on of

reduci ng agent and activa preparing a substrate
mat eri al fordepukisegeentiomet al plating by an aut ocat al yti c deposition
process as clainmed in any of Clains 7 to 16 wherein the substrate materi al

P e FodS R At SR Bt P Lt e £ g O AR BLAMN B0 RGL V! 19 O

t he net ho Fr's rom)lng mat eri al

and a sol vendlaimt8.in Maiink whereithatrieiddasl dgloahlieeorpriseh diemstcpSofwher ei n t he
solvent is water, ester, alcohol or ketone base% WO 02/ 099162 :

PCT/ GB02/ 024zoduringte spbstiakaliesithat heqngioated vathal REEPISHICTIRIPIEIAS or 19
further comypigshngnty ihdﬁqleodmﬂ@tﬁl' 3t Solution with which the deposition promoting

material will react to reduce the metal from the aqueous metal solution onto those ‘
parts of the substrate that have been coated with the deposition promoting
material, the reduced metal being selected such that it is capable, once the treated
substrate is introduced into an autocatalytic solution, of catalysing the deposition

of a further metal from an autocatalytic deposition solution

16. A method of metal plating a substrate by an autocatalytic deposition process as
claimed in Claim 7 wherein the deposition promoting material comprises a

combination of reducing agent and activator.

17. A method of preparing a substrate material for subsequent metal plating by an
autocatalytic deposition process as claimed in any of Claims 7 to 16 wherein the

substrate material comprises a porous surface layer. -

18. An ink formulation for carrying out the method of claim 3, the ink comprising a

deposition promoting material and a solvent.

19. An ink formulation as claimed in Claim 18 wherein the solvent is water, ester,

alcohol or ketone based.



21. An ink fornulation as clainmed in any of Clains 18 to 20 further
conprising filler materials. 22. An ink fornmulation as clainmed in Caim20
wherei n two obiogsdezr mat erial conprises poly(vinyl acetatepcpaiBomed2 23. An
ink formulation as clained in Caim20 wherein the binder materi al
conprises acrylic polyners 24. An ink formulation as clainmed in Caim 20
wher ei n the binder mat erial conprises “"poly(vinyl alcohol) pol yrrers. 25. An

i nk fornulatjon i.n. dai the fill.er teria
conprisesEaf% B#ﬁﬁf %QP?F%F%QH%HPghmgFﬁg %gﬁﬂgﬁxcﬂmﬁggnggeﬂgrcapable of
transferringnitepaxthe pattern transfer mechanismto the substrate. 26. An
ink formulation as clainmed in Caim25 wherein the filler particles are

coated i n catalytic material.
1. An ink formulation as claimed in any of Claims 18 to 20 further comprising filler

materials,

22. An ink formulation as claimed in Claim 20 wherein the binder material comprises

poly(viny! acetate) polymers.

23. An ink formulation as claimed in Claim 20 wherein the binder material comprises

acrylic polymers

24. An ink formulation as claimed in Claim 20 wherein the binder material comprises

poly(vinyl alcohol) polymers.

25. An ink formulation as claimed in Claim 21 wherein the filler material comprises
insoluble particles which are arranged in use to be capable of transferring from the

pattern transfer mechanism to the substrate.

26. An ink formulation as claimed in Claim 25 wherein the filler particles are coated

in catalytic material.



