1 Substrate with Antim crobial Properties The present

i nvention relates to a substrate of any type: netal, glass, glass
ceram c, wherein at |east one of its surfaces has antimcrobial, in
particul ar antibacterial or antifungal, properties. The present

i nvention also relates to processes for the production of such a
substrate. 5In the field of ceram c substrates, EP 653 161, for
exanpl e, describes the possibility of covering these with a gl aze
conposed of silver to provide themw th gntibacterial properties.
In the field of glass-type substrates, sol-gel type processes are
known to provide an antim crobial surface. These processes require a
har deni ng stage of the sol-gel 10 layer, which involves el evated

tenperatures in the order bs‘ipﬁeﬁﬂﬁﬂ(@:ﬂﬁggmﬁrﬁﬁgﬁﬁ ure).

Processes are also known that require the substrate*to be dipped in a
conposition conprising a silver salt In this case, a silver layer is

not deposited, but an i®gp M@]}@gﬂm&g@g!t@%ﬂ&gﬁa@& é‘%@'@?ﬁ‘?é‘gﬁ giass,

el evated tenperature. A process for producing a glass
havi ng anti m glashicedamin, oyderdin e least dbe af #o siofawes hbs amirkierabibd, %@ Ifarticular

This process requires both.a drying stage between 2r and 105C and a
Cher mal o1 eat HEHbACKE sk BAETER, PiolriBh e aroe OBrrbn e soldatio proceses
di sadvant ages fpathé pfddudidnyofshéta Stseget to cost and uniformity of the
product Moreover, It renders the process ver\éP%gggllsi/ r epr oduci bl e,

since it hds been foundnthraficléof eammie subsipiess HP @52 461, Her expmplasdegiribes the
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of the thermal” trealnent r¢ Ignitrcant varration int
dept h of di ff vstisatedd prapertiss.| ver, and therefore this causes variation

in the antibacterial pr | [ ate. .l QP
noted that such a thern@ﬁ&{ﬁggﬁﬁékgﬁeu%g%&%’ ﬁg@gﬁ%@}%&% ow o

col our ati on ofpravidecaantimivebil arfice These paicessesFaquitearhaniesing sageofitlie ssl-gel
process, ter,_havi heen treated, the produ may _n L ut

o par t 10U dpet e dRiles e cemtulien, 1y e Filer 4 TBE FOEE  Sltering
Theref ore, thaémperfurd). FeGRssed af¥ £lvd Hovh thaDsdqhiad ehe RIbSREY t0bedHp&d in a

nmetallic, with anti m crobiagl properti ?s .Wwhich (s eiasy,to se and
i nexpensi ve t&amézpmpnsmga silver salt. In this case, a silver ayeT is not deposited, but an

ion exchange takes place in the solution at an elevated temperature.
A process for producing a glass substrate having antimicrobial properties is
15 also known from EP 1449816. This process requires both a drying stage between 20° and
105°C and a themmal treatment at 600°-650°C. This thermal treatment has some
disadvantages particularly with respect to cost and uniformity of the product. Moreover, it
renders the process very poorly reproducible, since it has been found that at these
temperatures the diffusion of the silver is very rapid and a slight variation in the duration
20 of the thermal treatment results in a significant variation in the depth of diffusion of the
silver, and thercfore this causes variation in the antibacterial properties of the substrate. It
may also be noted that such a thermal treatment causes an undesirable yellow colouration
of a soda-lime glass substrate. Furthermore, with this process, after having been treated,
the product may no more be cut into particular size because of the necessary tempering
25  process.
Therefore, there is a need to provide a substrate, either glass or metallic,
with antimicrobial properties, which is easy to use and inexpensive to produce.
The present invention relates to a substrate coated with at least one

mineral layer, particularly selected from metal oxides, oxynitrides, oxycarbides,



The present invention relates to a substrate coated with at |east one
m neral |ayer, particularly selected fromnetal oxides, oxynitrides,
oxycar bi des, 2 carbides, DLC (dianond |ike carbon) or nitrides, said
| ayer conprising at | east one antimcrobial agent. In particular, the
m neral |ayer can be selected from oxides of silicon, tin, zinc,
titanium niobium alumnium zirconiumor mxture thereof, for

exanpl e ZnSnOx. Particularly preferred nitrides are silicon, titanium
and al um nium 5nitrides and m xture theregf. The

antim crobial agent can be selected fromvarious inorganic agents

known for their antimcrobial properties, in particular silver,
copper and zi rrarbides, RhEddiamesdlike icabonhen wifrisles ishidl lageyeaomprising at least one

nmetallic form__J . i Gy €. q, de, of st eel .,or
stai nl ess stee ngg'?m%ggiégé gltm'elg égyhp%%’ﬁﬁ %?Aééﬁch%ef%?ﬂgér%%%s% e ?xﬁ%e of
substrate or ailigbmstin, t2ee tismhsh, Aibbiumi, Rhpihiumg Hrédnivm Sdregixheé thdrédf, for
| ass, ticularl da-1i i ¢h be float glass. It
e ol car gl as SBMPIEAGEDEd Paicder prolei) RIBHGyarS Slicem SPbiR pikbalbmiaim
(to form asm riigHes £d Rixhdy ferdf €nanel or painting (for wall
covering), generally at the surface opposite to the anti m crobi al

surface. 15The subst r atBremanfimicokiabagent ckrheseledied iiom vérious ivganisf agenis

to 12 nm The substirate have a surface area of greagter

than 0.8 m t o ‘BOBM, foF TRl A dobiat Btpregen . Beriedat, siveh; soras ardesng
a subsequent mdvtanﬁgeomlﬁmblaﬁmeobialagentisiﬂnmeﬂlﬁﬁoﬁn‘oodl ments of the

I nvention, a substrate having antimcrobial agents present at at

| east one exposed surf ade T cafh be Metalice 6.4 ade astegl, #% stainfese steel pr
oM anneabed shgg 8178t 3 4 aRRRL AR RO s e,
har dened sheetpagiculgr asheatofiflat gass; phrtioplarly sodadlimegglassubichamayabenfioat glelss. It
sheet of 0l s, RY 64 8edPatiss' 8 colbuied J25° 1CREY eGSRl a nectfs Tager 6 15rm a
mirror) or a layer of enamel or painting (for wall covering), generally at the surface
opposite to the antimicrobial surface,
15 The substrate may have a thickness within the range of 2.5 to 12 mm,
The substrate may have a surface area of greater than 0.8 m to 0.8m; it
may be adapted to be cut to a finished size by a subsequent cutting operation.
In some embodiments of the invention, a substrate having antimicrobial
agents present at at least one exposed surface tnay be an annealed sheet of glass. The
20  term annealed sheet of glass is used herein to mean that the glass may be cut to size
without breaking in the way that a tempered or hardened sheet of glass would break upon
cutting. Such an annealed sheet of glass preferably has a surface compression of less than
5 MPa.
It has been found that it is possible to cause antimicrobial agents to
25 diffuse into a mineral coating formed from one or more layers of metal oxides,
oxynitrides, oxycarbides or nitrides, when this coating has been firstly deposited on a
substrate of whatever type. The diffusion of the antimicrobial agent can also occur in
a topcoat depasited above the layer containing the antimicrobial agent.
For example, the substrate can be coated with a first layer that blocks
30  or slows down the diffusion of the antimicrobial agents and optionally with a second

layer serving as a reservoir for the antimicrobial agents. Those functions can he



It has been found that it is possible to cause antim crobial agents
to 25 diffuse into a mneral coating fornmed fromone or nore | ayers
of netal oxides, oxynitrides, oxycarbides or nitrides, when this
coating has been firstly deposited on a substrate of whatever type.
The diffusion of the antimcrobial agent can also occur in a topcoat
deposi ted above the | ayer containing the antim crobial agent. For
exanpl e, the substrate can be coated with a first |ayer that bl ocks
30 or slows down the diffusion of the antgm crobial agents and
optionally with a second | ayer serving as a reservoir for the

antim crobial agents. Those functions can be 3 ascertained on a

product made dAseEsrigeten a product made serdisg torthe inyeptioniby gomparing the antimicrobial
ant i m crobi al ae?%%Qﬁ'ts ar?h{ﬁ\;ét?ﬁ%gﬁ dﬁg;ﬁﬁﬁut%hgc@ﬂ%%&w analysing diffusion

under coati ng usi on profi
Each | ayers ofprafies. undercoat may in particular have a thickness

oSt prof er abl y. bet weer s SterghBlesaiérbt k) h patolfibhing a Bl Pinghil
bl ocki ng ufderbetween 1 asd tHOeR paafmtggsbetwmoll.s andc308 meh, syt refembly|batpeers 2

I n particul ar ngﬁ{ corrprising nmetal oxide, netal or netal alloy
conpound, such™ Ni -Cr, Tithr, NC O, Nb, Ta, A, Zr or ZnAl,

or mxture 10thereof. n particular, ﬂtmblbblmgaﬁ@ﬂaﬁeras ghaes amd@gétr@t@nc ahd
I s concei vabl e thatchgye antimcrobjal glass substrate thus_ obtained

i s subj ected tBulErech@yEs| In pPartieyinpyars sgmputithmetal ridenmetal amsagialajoy
bendi ng or harg ﬁle Iagpgtlbh ¢ q{)sﬂ)ﬂ Ebﬂ) ﬂthﬂ]?ﬁf I or mixture

properties. 15In the 'case of netallic trate, particu
pref err ed 1@nddkezewfit and/ or
In the case of a glass substrate, it is conceivable that the antimicrobial
glass substrate thus obtained is subjected to a thermal freatment stage such as
thermal tempering, bending or hardening, while still retaining its antimicrobial
properties.
15 In the case of metailic substrate, particularly preferred undercoat and/or
mixed layers are chosen amongst titanium oxide, titanium nitride or zirconium oxide.
The substrate according to the invention preferably has an antibacterial
effect on a large number of bacteria, whether gram positive or gram negative
bacteria, in particular on at least one of the following bacteria: Escherichia coff,
20  Staphvlococcus aureus, Pseudomonas aeruginosa, Enferococcus hirae. The
antibacterial effect measured in accordance with the standard JIS Z 2801 is in
particular, at least on any one of these bacteria, higher than log 1, preferably higher
than log 2 and particularly preferred higher than log 2.5. The substrate will be
considered bactericidal according to the standard JIS Z 2810 if it has an effect higher
25 than log 2. However, the invention also relates to substrates that have a lesser effect
(for example bacteriostatic effect, which means that the bacteria are not necessarily
killed but can not developed any more).
The substrate according to the invention advantageously has an
antifungal (fungicidal or fungistatic) effect on at least one fungus, in particular
30  Candida albicans or Aspergillus niger.



m xed | ayers are chosen anpongst titaniumoxide, titaniumnitride or

zi rconi um oxi de. The substrate according to the invention
preferably has an antibacterial effect on a | arge nunber of bacteri a,
whet her gram positive or gram negative bacteria, in particular on at

| east one of the follow ng bacteria: Escheichia coh; 20

St aphyl ococcus aunus, Pseudononas aerugi nosa, Enterococcus hirae. The
anti bacterial effect neasured in accordance wth the standard J1S Z
2801 is in particular, at |east on any ong of these bacteria, higher
than log 1, preferably higher than log 2 and particularly preferred

hi gher than log 2.5. The, sybstrate w l | be considered bactericidal
according to the standdfspeenfo fbﬂti“f‘sP'?sslggsm&lﬁP@th%ﬂ“WW?@ﬂ’e
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have a | esser effect r exa errostatic effect, means

t hat the bact enétal, egesterdt Orriea&atybe yubsirbtechh pemticuban, wittothedizssic oyethedd of
any nore). The substrate according to the inventipn .
Sy ant ageous! yrAgREran seyiEft, IR Pt BleigTRFTA B ) ob A Sret oaitelsdped pith
on at |east ong ddtigetdbial Agddfld.¢.Cailvar] usfy Gad etk targhs GRMSe same deposition
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possi bl e to debhamber (corspuitering)ar using a solg trraet mathamiedymetab HWith thisjpieress o

one single st | : t 1L .l
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| ayer, e.g. of net al oxi de doped with 5 an antim crobial agent,
e.g. silver, (88"fho netal targets in the same deposition chanber
(co-sputtqpi ng) or usiNgha 40 BechitBlerdd that, 1 X RhpgERkPAnd MitinticrbbiaPglass
process no additional or subsequent diffusion of the antim crobial
agent may be rtraguired,\ihe samaiprocgssamay b usebiand eptissalinar updersyer maw be

wi t hout any t I M ' i Qlg . . al .
been i scover AlbPha Atk SREL (i Hefitulf o3RS uf o Yol B ertis
requi red, the mayrbe phaintiredn&yenbaften e tempeticly b ¢ess dimplyird highd erpaystire
may be added. Antim crobial, (i %Bzih%ﬁ!,_cul ar bactericidal but also

bact eri ost at i (¥eaFRedh P‘P’Pgegelﬁ‘éﬁ iRk ai ned even after a t enperi ng

process (iggplying high [tgpResrahd!dBpdd FbtAltXideddedoBited Qasﬂﬁléstbﬂ Oco-
mn). 15Layers of Ag doLf)agd met :ﬁ‘l og‘% de deposited 1 n a single stepl))%'by
co- sputtering, wherein the concentration of Ag can vary from 0.1 to 5%, have been

made which have antimicrobial properties with a simple process which does not
require any thermal treatment.
When the substrate used is a clear glags, it can advantageously have

20  antimicrobial properties as well as a neutral colouration in reflection. In particular, the
colorimetric indexes (CIELAB system) in reflection a* and b* (Illuminaat C, 10°
observer) may be in the range of between -10 and 6, preferably between -5 and 3 and
particularly preferred between -2 and 0, and the purity may be less than 15%, preferably
less than 10% and particularly preferred less than 5%.

25 If the substrate is a coloured glass, antimicrobial properties may be
obtained without changing very much the initial colour of the substrate, The change of
coloration is generally expressed with the colorimetric index by Delta E* ; DeltaB* = |
(I*) = %)%+ (a*, — a%)% + (b*, — b*2)7] "2, A DeltaE* lower than 3, preferably lower than
2 may be obtained for an antimicrebial substrate according to the invention.

30 When the glass substrate used is a clear glass, it may advantageously have
both antimicrobial properties and a visible light absomption of less than 1.5%, preferably



sputtering, wherein the concentration of Ag can vary fromO0.1 to 5%
have been made whi ch have antim crobial properties with a sinple
process which does not require any thermal treatnent. Wen the
substrate used is a clear glass, it can advantageously have 20
antimcrobial properties as well as a neutral colouration in
reflection. In particular, the colorirnetric indexes (ClELAD systen
inreflection a* and b* (Illumnant C, 100 observer) may be in the
range of between -10 and 6, preferably behween -5 and 3 and
particularly preferred betmeen -2 and 0, and the purity may be | ess
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imersed in a solution of
Additional or alternative embodiments of the present invention are

15  described in dependant claims.

The present invention shall be described in more detail below, in a
non-restrictive manner:
20



10lt may be advant ageous to use an undercoat conprising an oxi de of
zirconium This may particularly be so when the m xed | ayer conpri ses
an anti bacterial agent and an oxide of titanium particularly
conprising of consisting essentially of titaniumoxide in its anatase

crystallised form Addi tional or alternative
enbodi nents of the present invention are 15 described in dependant
cl ai ns. The present invention shall be described in nore

detail below, in a non-restrictive manner6 20 6 Exanple 1

Two sanples of clear soda-line glass were coated with a | ayer of

Si 02(Al): Ag by co-sputtering. Two netal targets were used in a m xed
at nosphere of 5 argon and oxygen: one was conposed of silicon doped
with 8% Al and the secm@nigledet Wwas a netallic silver target The

el ectric power supply to the layers was regulated in order to obtain
0.5 atonic % of Ag in tlhwe sapeles pbrleahsodarlime glhsnplere evated withoarilayesoof

f Ag i he | f Th hi ck 8 f
Che 111 ot samtevalitdbysdSnifaRa s Bee) sl i SERERG PHR st Ahers of
fungi ci dal 5pr afphtandsoxydh: PRe e Ebbosed JE sili€s Goptd WillE8%aMRIndShe\edctnd

anal ysed in accordance wth standard JI S Z 2801. A log 1 |evel
i ndi cat es t hafarg@fowas armetapis sluer Rrgehobha glearic qrower tsHBDlY (fpfthe davers wae

9 o oat oo t Raetinfactil il b RRnE R A yPlaper 16e b REF Shftl e
t hat 99. 9% of atdntic Faof Agiim thiclyperi forthe wecondk Thé kyerthickness was 80 nm for the
first sample and 150 nm for the second.

10 The bactericidal and fungicidal properties (in particular on E. Coli) of
the samples were analysed in accordance with standard JIS Z 2801, Alog 1 level
indicates that 90% of the bacteria inoculated onto the surface of the glass were killed
in 24 hours in the conditions of the standard; log 2 indicates that 99% of the bacteria
were killed; log 3 indicates that 99.9% of the bacteria deposited were killed etc.

15

A value of log 4.2 was obfained for both samples of example 1.

Example 2
Two samples of clear soda-lime glass were coated with a layer of SnO,-
20  Ag by co-sputtering using two metallic targets {Sn and Ag). The thickness of the layer
is respectively 80 and 40 nm and the quantity of Ag deposited is respectively 2 and
30 mg/m2, The antibacterial effect was measured in the same manner as in the

previous example. Values of log 4.4 and 4.5 were obtained.

25 Example 3
Two samples of clear soda-lime glass were coated with a layer of ZrO2-
Ag by co-sputtering using two metallic targets (Zr and Ag). The electric power supply
to the layers was regulated in order to obtain 1.2 atomic % of Ag for the first sample
and 3.4 atomic % of Ag for the second. The antibacterial effect was measured in the



15 A value of log 4.2 was obtained for both sanples of exanple 1.
Example 2 Two sanples of clear soda-lime alnms were coated with a

| ayer of SnOr 20 Ag by co-sputtering using two netallic targets (Sn
and Ag). The thickness of the layer is respectively 80 and 40 nm and
the quantity of Ag deposited is respectively 2 and 30 ng/n2. The

anti bacterial effect was neasured in the sane manner as in the

previ ous exanple. Values of |log 44 and 4.5 were obtai ned. 25Exanple 3
Two sanples of clear soda-line glass were7coated with a | ayer of
Zr02- Ag by co-sputtering using two netallic targets (Zr and Ag). The

el ectric power _supply to the |layers was regylated in . order to tal
T 5 at o o 56 GRTAGHANgET B o e pEHIALR eiarlan g Valles G o AcHas bhlaisdrns both
the second. ThempRt.i bacterial effect was measured in the 7 sane
manner as in the previous exanples. Values of log 4 were obtained for

both sanpl es. Exanple 4 5A co-sputtering of 5n02-Ag was deposited
over two different Example 4

5 A co-sputtering of SnO2-Ag was deposited owver two different
substrates. The quantity of Ag deposited amounts to 46 mg/m2 of surface and the
thickness of the mixed layer is 17 nm,

The first substrate is a clear soda lime glass with an double underlayer
SiOx (70 nm) and SnO2:F (320 nm) deposited by Chemical Vapor Deposition. The
10  second subsirate is a clear soda lime-glass coated with a 50nm thick Si02 layer
deposited by vacuum sputtering. Both samples were subjected to a common
tempering process (670°C during 10min follow by quick cooling}.
The antibacterial effect on E. Coli, measured as in the previous
examples gives values of log 1.76 and 1.38. This meant a bactericid effect were
15 between 90 and 99% of the incculated bacteria were killed.

Example 5

A co-sputtering of Sn02-Ag was deposited over 2 different metallic
substrates. The quantity of Ag deposited amounts to 46 mg/m2 of surface and the

20 thickness of the mixed layer is 17 nm.

The first substrate is a galvanized steel of the commenrcial type “ST37"
with a thickness of 1.5 mm. The second substrate is a sample of steel laminated
under cold condition and without oil of a thickness of 0.2 mm.

The antibacterial effect on E. Coli, measured as in the previous

25  examples gives values of log 3.53 for both samples.



substrates. The quantity of Ag deposited anmounts to 46 ng/ n2 of
surface and the thickness of the mxed |ayer is 17 nm The
first substrate is a clear soda |ine glass with an doubl e undedayer

SSX (70 nm and Sn02: F (320 nm depos%ted by Chem cal Vapor
Deposition. The 10 second substrate is“a clear soda |ime-glass coated
with a 50nmthick 5102 | ayer deposited by vacuum sputtering. Both
sanpl es were subjected to a common kﬁﬁﬁ&&ing process (670C during
10m n foll ow by quick cooling). The anti bacterial effect
on E. Coll, neasured as in the previous exanples gives values of |og
1.76 and 1.38. Thi$. nBewesaidrdies prodoctibnedf betdsswhiesatrart ween 90 and

99% of the inocul at edh®asd entiRicrSHIs! %bé;%gs, @% fised in . A
co-sputtering of SnO : %‘? i,ted.over 2 erent metallic
substrates. The quanti io? A %gﬁgéﬁ?sé,!}ﬂﬁmu%’@ew ¥89%fy/ no of
surface and the 20 thYsé%HE‘sﬁprgﬁe“%%mﬁgﬂéﬂpﬂ”ﬁmhan@dﬂpfﬂm

The first substrate i&saafeestone mikest lapdr, He by conpelngi al type
'STST" with a thi ckneamofto beb mEberthe ofgbeRkle ¥ ASERG R @ sanpl e
of Sheel am nated uiHEtEShineabshid AR BTt o 2

thi ckness of 0.2 mm , © I iy
Col I, measured as i n [EHJ CHPeRN YueNgss mekel eyidies, ayynitidesatties of | og

3.53 for both sanpl eycartides, AaNmdds, ThO oesitriday, it hertuegduct i on of a
gl ass type subs_trate&h@gi, BaCNEICY Zhobidl msgp’%t@e%is,@har acterised
in that it consists ofydeROSING, reqp%g tering tndersVAcu urn

p

(preferably magnetically enhance $s, at | east one m xed | ayer,
the layer conprising from2 to 250 ng per n2 of substrate of at |east
one metal lic anti @ clPobsess asgertingrioxbe prdctting chiimpeharset eri al chosen

amongst metal oxi des terdsehir thad Srormic Ak RER stepa il igs,  DLC or
nitrides, in parti Cugﬁ‘éte‘%ggatﬁdmﬂ%n er7.lrdg yeiz\ﬂu%a L}r%%bno x, Al 203,

Si3N4, TIN, AIN and r‘qxturgt eréo . ,
slowing down or blocking the diffusion of antimicro-

bial agents,

3. Process according to any one of the breceding
claims, characterised in that the antimicrobial
agent is selected from silver, copper and zinc.

4. Process according to any one of the preceding
claims, characterised in that the fotal quantity of
antimicrobial agents that the substrate comprises is
more than 0.1 mg/m?, preferably more than 1 mg/m?
and particulatly preferred more than 10 mg/m?2 of
antimicrobial surface.

5. Process according to any one of the preceding
claims, characterised in that on at least one of the
following bacteria: £. coli, S. aureus, P. aeruginosa
{measured in accordance with the standard JIS Z
2801), the substrate has a bactericidal effect higher
than log 1, preferably higher than log 2 and parficu-
larly preferred higher than log 2.5.



2. Process according to the preceding claim characterised in that,
before the deposition step, the substrate is coated with an

underl ayer with a function of slow ng down or bl ocking the diffusion
of antinmcrobial agents. 3. Process acgording to any one of the
preceding clains, characterised in that the antim crobial agent is
selected fromsilver, copper and zinc. 4. Process according to any
one of the preceding clgi ns, chara teiised in t{]%t%%t he total quantity
of antinicrobial agefits"1IFEPS (HEO'CHIE G &Y VBt M1 URG e than 0.1
ng/ m2, preferably nore €a#H chatpaterised impihatitalayer goppésgesr r ed nore
than 10 ng/ n2 of anti m i okidalansuwtf atinichobidPagesiselatsdfroing to any

one of the preceding cl ghdpco Ahdsed in that on at |east one of
the foll owi ng bacteri a: E ’COP‘F@E@E aureus, P. aeruginosa (neasured

in accordance with the standard JIS Z 2801), the substrate has a
bactericidal effect hi gfiecesshaactrdijoiio pnefomeadi shenpegeedinghan | og 2
and particul arly preferglaichshtbiectdrison inoalite. subBtrfe iPe®cess
according to any one ofgLh&ipr §¢ HH%O&&;@ @&nprﬁf@&%ﬁrl?@d in that
the | ayer conprises tigjoxi ef}% an, antrrm gro | $ge Sel ected
fromsilver, copper an_azc‘feﬂ.@.n : WC%%COQS Wetﬁibﬁ‘ﬁe n h%'one of the
precedi ng cl ai ns, char deépatticglad TiGy atheast praialyerysialised indhéovered with
an undercoating conpri snatasa foinn.st | ayer based on Zr02 and a second

| ayer based on Ti02, in particular 1102 at |east partially
crystallised in the jaangfase form.8.  Process ,accordjng t.o any one of
the preceding cl ai mfcﬂgépggﬁsgﬁpgrg@git?‘a{%%e Sfm@ @ﬁﬁ@'?i‘f[@m's able to
be tenpered at a | ater SarreHsed iim thakihe substialesis able i be obi al
properties after the tneapeedtataflaicesiageiang.in3hait kegssamiecording to

any of the preceding clnﬁbr%;mg@géﬁﬁgsﬂéﬁﬁgtréétn{em?&ftérggewstrate
presents anneal ed characteristics. 10. Process accordingto any one
of the preceding clains for the production of a substrate having
antim crobi al propePti &§ocegiAcseidd eany o haRredadingoplaimss s of
depositing a m xed | ayehardcterived in toxl ihe sibpeaevpreberda aant i mi cr obi al

agent by sputtering.' HhialeBcpeRee@a6ording to any one of the
precedi ng clains, characterised in that two separate targets are

used.
- 10. Process according to any one of the preceding

claims for the production of & substrate having anti-
microbial properties, charactetised in that it con-
sists of depositing a mixed layer of a metal oxide
doped with an antimicrobial agent by sputtering.~

T1. Process according to any one of the preceding
claims, characterised in that two separate targets
are used. S

12, Process according to any one of the preceding'
claims, characterised in that the mixed layer con-
sists of a layer of Ag doped SiO, , SnO,, Zr0,, Zn0O,
TiO,, NbOx, AlQg, or mixture thereof, in particular
ZnSnOx.

13. Process according to any one of the preceding
claime, characterised in that a tayer comprising
from 10 to 250 mg of antimicrobial agent per m2 of
substrate, preferably 20 to 100 mg/m2 is deposited
on the substrate.



12. Process according to any one of the preceding clains,
characterised in that the m xed | ayer consists of a | ayer of Ag doped
5102, Sn 02, Zr02, ZnO, 1102, NbOx, Al 202, or m xture thereof, in
particul ar ZnSnOx. 13. Process accordi gbg to any one of the preceding
clainms, characterised in that a | ayer Conprising from10 to 250 ng of
antim crobial agent per n2 of substrate, preferably 20 to 100 ng/n

is deposited on the, su rate 10.14. Process for the production of
a tengered and anti r?]ﬁer%%F%S farg‘gesprpélbcéloglyggts@@pgf‘e #@an t he

steps of (i) depositi nacpia giass&merrybslateweimprisingdie sieps xed | ayer
conprising from2 to 1@%0 ng of at |east one netallic antim crobial

agent and a binder material; (ii) tenpering the coated substrate at

t enperature conprised between 600 and 800C during 5 to 15 min
according to the thi cknesgﬁégp?ﬁ@% Y SPHLRBY \@spgmr%e%% @ccording to

the precedi ng clai m char &auxed byetcamprisingtfram 2lte 2800 mwgefander | ayer is
deposited on the substrat gdeefopeembiciempsitiob@n agtanfshﬁ@_a(i ). 16.

Process according to the .claim charactérised in that the
under| ayer has a functi Oan@%E%@%@ﬁg or slowi ng down the mgration

of the antinicrobial agentl)d&PPAHG he coalpdsupaliais @ fempera- Process
according to any one of ctuegemplisafbditveen 5&0 and 800%®duriny t hat the

under| ayer is chosen amongsh {BYff] béddfdidl % FRUHiGKNESS bﬁ#@’ s, in
d al | oy

rticular | r risj | oxi metal or neta
(F:)grr;[)oﬁﬁdfjl sugﬁeag (I;g,rrpNi S@%tr%?%)? &i 08(, Nb, Ta, A, Zr or ZnAl, or:
m xture thereof.
156. Process according to the preceding claim, charac-
terised in that at least one underlayer is deposited
on the substrate before the deposition of step (i).

16. Process according to the preceding claim, charac-
terised in that the underlayer has a function of
blocking or slowing down the migration of the anti-
microbial agent during the tempering step.

17. Process according to any one of claims 15 or 18,
characterised in that the underfayer is chosen
amongst pyrolitic and spuitered layers, in particular
layers comprising metal oxide, metal or metal alloy
compound, such as Pd, Ni-Cr, TiOx, NiCrOx, Nb, Ta,
Al, Zr or ZnAl, or mixture thereof.



