WO 2007/147832PCT/EP2007/056109 SUBSTRATE WITH ANTIMICROBIAL PROPERTIES

The present invention relates to a substrate of any type: metal, glass, glass ceramic, or plastic type
substrate, WHEréi7atBast one of its surfaces has antimicrobial, in particulaP@HEBAEAS 18P antifungal,
properties. The present invention also relates to processes for the production of such a substrate. 5In
the field of ceramic substrates, EP 653 161, for example, describes the possibility of covering these
with a glaze composed of silver to provide them with antibacterial properties. In the field of
glass-type substrates, sol-gel type processes are known to provide an antimicrobial surface. These
processes require a hardening stage offfrer H S0l §ET |1AYEFMVHER TRV oRFES &Y ed temperatures in
the order of 500-600C (sintering temperature). Processes are also known that require the substrate to
be dipped in a composition comprising a silver salt. In this case, a silver layer is not deposited, but an
ion exchange takes place in the solution at an elevated temperature. 15A process for producing a
glass substrate having antimicrobial properties is also known from EP 1449816. This process uses
AgNO3 in oil and requires both a drying stage between 20 and 105C and a thermal treatment at

600-650C. This thermal treatment has some disadva s particularly with respect to cost and
Cniformity of the product. MolGGVBIE e/ HSE T (e s o HERTE ol ARt 8 e S s
been found thaghakihesetein peraplsesdheshffasicnabineisdmanisiveepdiapideant &sligihtacasidian in
the duration of the thermal freatment results in %%%niﬁ ant variation in the depth of c}ﬂijéusion of the
silver, and ther@fSFRHISausE RHEEBI N I AHIBERte R4l BRI oPIRBLLiBtrate \EsSent

2007/147832P¢nl/EidA04838 1185 20 procestBdititid N diryesRaervadibatavith such a process,
the majority of the silver has diffused between around 1 and 2 pm and that at the surface the quantity

of silver is {oo low to give antimjcrobial properties to the glass Iso be noted that such ,
thermal treatment causes anﬁ%tﬁﬁfb@ﬁ&ﬁé@;@m BH?A%#&E%agjﬁarg‘fé&%s%@%%
Furthermore, if#he tBesimatireatnestis ¢rededaHt AYHRg actempunss RIveess. sieldanins Raen

treated, the product may no more be cut into particular size. WO 95/13704 describes
anti-microbial ri&iErraterial PAARAIASfor medical devices. In example 9. separated layers of Ag and
ZnO were deposited

In the field of glass-type substrates, sol-gel type processes are known to

provide an antimicrobial surface. These processes require a hardening stage of the

10  sol-gel layer, which involves elevated temperatures in the order of 500°-600°C
(sintering temperature). Processes are also known that require the substrate to be
dipped in a composition comprising a silver salt. In this case, a silver layer is not
deposited, but an ion exchange takes place in the solution at an elevated

temperature.

15 A process for producing a glass substrate having antimicrobial
properties is also known from EP 1449816. This process uses AgNO, in oil and
requires both a drying stage between 20° and 105°C and a thermal 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

20  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 of the thermal treatment
results in a significant variation in the depth of diffusion of the silver, and therefore

this causes variation in the antibacterial properties of the substrate.



10 sequentially by RF magnetron sputtering in a ratio of 75-25 wt%. The total thickness of the layers is
330 nm. RF magnetron sputtering is a deposition method which is hardly industrialisable today.
Therefore, tRPQ 1874418821 to provide a substrate, either glass or metallic, wRABBHERAIGIOIIHI)properties,
which is easy to use and inexpensive to 15 produc in an industrial manner. In particular, there
is a need to provide a glass substrate which can be tempered and which keeps antimicrobial
properties, preferably bactericide properties, after tempering process. In particular, one aim of
the invention is to provide a glass substrate 20 which can be tempered and which keeps antimicrobial
properties after accelerating ageing tests carried out after tempering process. According to one
embodiment, the present invBhigH fVatesve hasgnheaeeddisd With st f@adtireasintiamaierity

particularly selegted ram.matal ifles: Boibides-xygarbiesocarhidas, RLEdiamnpike grroon)

or nitrides, 25 said layer comprising at least one antimicrobial agent, the coated substrate maintaining
antimicrobial prapenties cffedveciscierdst yeiveaetisidmbadtiowinertice inithergldayer can be selected
from oxides of silicon, tin, nickel, chrome, zinc, WO 2007/147832PCT/EP2007/056109 3 titanium,

niobium, aluminium, zirconiup %épixg}ggsggemggoqﬁamg ZNXRBYRZ aggal}ﬂfg;quxcglgré_%ch%grly

preferred nitrides are silicon, titanium and aluminium nitrides and mixtures thereof.

antimicrobfal agetesiiatie sellbsreddi@iratianons mergaricragelass Skivstkatdor thatharmererdbitle

properties, in particular silver, copper, gold,and.zinc.. Advantagequsly, the antimigrobjal agent is in
onic form. TS LBAIN (B Be etalie, b e of BIADICoF SiaTesa Soal or Caranut type
or plastic or therrupthstie pypelscbsiratecmogldssdypilisupsttatéaisiparticular a sheet of flat glass,

particularly soda-lime glass which may be float glass. It 10 may be clear glass or coloured glass.

Frosted or patterned glass cwﬁxl%pﬁ,}b@g‘d. d‘lérslgri I ssa%rﬁeren%g%t rilapentl(r?e[g\]tdaaqsorlng)n o Cq?algoparof

their faces. The face opposite the treated face can be subjec 0 any desired type of surface
treatment. It mayechoaprikiaaefldetieadayee (1 farpamitviiran)as afaper abcriareborrpaiidingitéar wall

covering), generally at t urface opposite to the antimicrobial syr. 15The substrate may have a

mokness iR SFOS BRI SPUe s AUBRE AUl s oD LB B LGP rater

than 0.8 m to Odinetidt Ay PR adapied. toRIe eubieadinishetsize By-2dhsaaien subaaeperaton.
hardly industrialisable today.

Therefore, there is a need to provide a substrate, either glass or
metallic, with antimicrobial properties, which is easy to use and inexpensive to

15  produce in an industrial manner.

In particular, there is a need to provide a glass substrate which can be
tempered and which keeps antimicrobial properties, preferably bactericide properties,

after tempering process.

In particular, one aim of the invention is to provide a glass substrate
20  which can be tempered and which keeps antimicrobial properties after accelerating

ageing tests carried out after tempering process.

According to one embodiment, the present invention relates to a
substrate coated with at least one mineral layer, particularly selected from metal
oxides, oxynitrides, oxycarbides, carbides, DLC (diamond like carbon) or nitrides,

25 said layer comprising at least one antimicrobial agent, the coated substrate
maintaining antimicrobial properties after accelerated ageing tests. In particular, the

mineral layer can be selected from oxides of silicon, tin, nickel, chrome, zinc,



It is conceivable that the antimicrobial glass substrate thus obtained is subjected to a thermal
treatment stage such as, in the case of glass substrate. a 20thermal tempering, bending or hardening,
while still re¥Ag s 23 microbial properties. In some embodiments of theRQVEROA/e5alstrate
having antimicrobial agents present at least at one3exposed surface may be a sheet of annealed glass.
The term annealed sheet of glass is used herein to mean that the 25 glass may be cut to size without
breaking in the way that a tempered or hardened sheet of glass would break upon cutting. Such a
sheet of annealed glass preferably WO 2007/147832PCT/EP2007/056109 4 has a surface

compression of less than 5 MPa. After the eventual cutting operation, the substrate is able to be
tempered and Al@REToBIRYIHPeRlED BB ANesiRse or mixtyres theyeahiaamemitndumanPar the

invention, the sylstiaie eap beplirg Geatedymiia AundaHayehthaliRiggks i awsAawa thediffusion

of the 5 antimicrobial agents during the tempering treatment. The function of the underlayer can be
ascertained on Ritprtdraddiaesdhdiiegiio the invention by comparing the antimicrobial effect of
similar products with and without undercoating and/or by analysing diffusion profiles. In the

case of metallic substrates, pa{UCHIaRY RERRITSHRLarr 8t sbi-ARW Y IRIXRHiYEIS FHR G1OSEShts H
e

amongst titanium oxide, titanium nitride, zirconium oxide, silicon oxide or silicon oxinitride.

substrate accoftingfo frethtie atomisetoialbhy drertigs aittibactstEreffoer oAoRheiy alghibst ainc.
bacteria, Whethga%g%{g é%%ﬂgil\ﬁetgre%r%%gg}g\f%ggﬁt%i% iiQrEé‘FHPHllar on at least one of the following
ia cali, ’ ‘

bacteria: Escheric

The substrate can be metallic, e.g. made of steel, or stainless steel or
ceramic type or plastic or thermoplastic type substrate or a glass-type substrate, in
particular a sheet of flat glass, particularly soda-lime glass which may be float glass. It

10  may be clear glass or coloured glass. Frosted or patterned glass can also be used.
The glass sheets can be treated on one or on both of their faces. The face opposite
the treated face can be subjected to any desired type of surface treatment. It may
comprise a reflective layer (to form 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 0.2 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.

It is conceivable that the antimicrobial glass substrate thus obtained is
subjected to a thermal treatment stage such as, in the case of glass substrate, a
20 thermal tempering, bending or hardening, while still retaining its antimicrobial

properties.

In some embodiments of the invention, a substrate having
antimicrobial agents present at least at one exposed surface may be a sheet of
annealed glass. The term annealed sheet of glass is used herein to mean that the

25 glass may be cut to size without breaking in the way that a tempered or hardened

sheet of glass would break upon cutting. Such a sheet of annealed glass preferably



15 Staphylococcus aureus, Pseudomonas aeruginosa. Enterococcus hirae. The antibacterial effect,
measured in accordance with the JIS Z 2801 standard, is in particular, at least on any one of these
bacteria, higher29aA46%2, preferably higher than log 2 and particularly preRGTEEPRIGAEFTHEN log 2.5.
The substrate will be considered bactericidal accortling to the JIS Z 2810 standard if it has an effect
higher 20 than log 2. However, the invention also relates to substrates that have a lower effect (for
example bacteriostatic effect, which means that the bacteria are not necessarily killed but can not
develop any more). It has been found that it is possible to deposit the mineral layer and the
antimicrobial agent in one single step over the entire substrate, whether it is made of 25 metal, e.g.

steel, or is a glRSS-FSEEMsERREDession gh Igstibame WiRth&lrItha AvATREHeH BN PRt
sputtering, it is PSSP IR AR BY B fofr r@d%%%%ﬁﬁﬁ&wsﬂﬂwﬁe?ﬁbé%ﬁmﬁég%%%“t’ e.g.

silver, using two metal targets in the same deposition chamber (co-sputtering) or W
2007/147832PCT/EP2007/056109 5 using a single target with mixed materials. Targets with mixed
materials may be metallic buh@aﬁdd@%&ﬁﬂﬂaﬁymﬁgﬁ@@%%@wmrﬁh@ glialie f8Pdife of

the cathode in thercossRuitarng RIQCERAATILMinSEramigMatetalsvilbmetals fartigsingle gathode

in the single cathode process. For example, Ag, Cu, Au and Zn 5 can be mixed with oxides of Ti, NiCr,

Zr and othér p@étbﬁﬁfﬁb@@@@éﬁdl@’iﬂ@ﬁlﬁ@ raeamﬁfélmtr@tr@érﬁm%h@fmﬁarg@@bﬂw@md@am
highly efficient gé%cﬁésa%% A Qe[gr%%ﬂi?{“rﬁ%t&eaé‘&&f&’@f%%‘r?é’ﬁ'\latbft%ngg?ab tcB?SSB%ﬁr? iz

found that a wide range of magnetron sputtering processes can be use Ir'the desire
antimicrobial glas§niticobig] pedtwer af siniledl psochidtreitie rmydpulgbd D Clod&Coptng renasdoelen used
successfully both ir11 the c§é§§utterin mode and in sputtering mixed targets. Gas mixtures including Ar,

02 and N2 havé Bbedhn i vertRe whidle range of 0 to 100% for each gas, depending on the type of

material desired for the layer comprising the antimicrobial agent. With these processes, no
additional or subsequent diffirsidheofcdre 15f antéteitioiabstgeint Mpgrtieurekd eoetdtecabtainlamoat
antimicrotf' I subsc}rate in oaegste , With%ut any therma{) rteatment, W, icptis cost sa[lvgleq . . Ithas
also been discdVETEd ATt £teMpered and antinticrobialgiass & tetuired) the Sane pfocess ay be
used, and optiondlly adilidogderiayemalycbea adaegidantimicrobial (in particular bacteriostatic but also
bactericidal) properties 20 may be maintained even after a tempering process (implying high

temperature treatment durin proximatively 2 to 10 mjin). . __Layers doped metal oxide
deposited i a sl step by 1L SHREAG B LELRG P B1 RYSBHTB SR HRve Badh AR have
antimicrobial prefisstieswithl & gemplerpacess thatedioe swiaitieg uiienanptiarvealdregatane ntedaiivaen
the substrate uEed is_a clear glass, it can adyantageously{Hav ntimic&gbial properties %Zwell S a

g

neutral colourafiBRfPeflciohiTH BarbRuRr '$Ae HiSriRte BEIRES SRSAFIA aTIERton a*

and b* (llymninas,GadBroccus  aureus, Pseudomonas aeruginosa, Enterococcus hirae. The
antibacterial effect, measured in accordance with the JIS Z 2801 standard, 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 JIS Z 2810 standard if it has an effect higher

20  than log 2. However, the invention also relates to substrates that have a lower effect

(for example bacteriostatic effect, which means that the bacteria are not necessarily

killed but can not develop any more).

It has been found that it is possible to deposit the mineral layer and the
antimicrobial agent in one single step over the entire substrate, whether it is made of

25  metal, e.qg. steel, or is a glass-type substrate.

In particular, with the well known method of magnetron sputtering, it is
possible to form a layer, e.g. of a metal oxide doped with an antimicrobial agent, e.g.

silver, using two metal targets in the same deposition chamber (co-sputtering) or



observer) may be in the range of between -10 and 6, preferably between -8 and 3 WO
2007/147832PCT/EP2007/056109 6 and particularly preferred between -6 and 0, and the purity may
be less tharM®W0HidT83Ably less than 10% and particularly preferred less PaiERHOT/¢d¢1¥derlayer is
deposited a slight absorption in the visible (around to 25 %) may be imparted to the underlayer. It
may have a visible light reflection around 8 and 15%. 5If 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* ; Delta E* = |
(L*, - L*2)2 + (a*, - a*2)2 + (b*i - b*2)211'2. A Delta E* lower_than 3, preferably lower than 2 may be
obtained for anUSEnferiBEe darestathcBrrgm B te R Boinlamsen with mixgphaiptREas beaARYs

transparent (9lagsRSYG: it-bdhBBYRRRAMARIAIRANEIR 808 %H@&H?Hi@'rﬁé[?@ﬁé&eﬁ)i”%% kgeping

the substrate essentially transparent. In particular, with a clear soda-lime glass of 4mm, the average
light transm|33|dmﬁqﬁ@dfsméh@wgesnﬂtwéle@mé@p@@ﬂogtré@erwc@@mﬁquh@u@swéhtmﬁtmawe

higher than S0% PIg{EIRLNaNer D 80% ansmast prelerebly olerifan 8%, a oD the

glass substrate use ass, it ma antage us antimicrobial properties and a
low visible fightcalpsoeptidxedr halsumdta@h&dwﬁtg o theliovieatipnrbas anatiovétebial efteott@0

after at least one of the foJI acce rat a S test over 20 da s in a
chamber vath AVCTAGRY SOl SEd% AR HHEP St A HEBE U AR DA T As
lamps, chamb%fad@ﬂﬁbﬁ@ﬁt%taéhh@lyﬁ)mgfaﬁd@ a solution of H2S0O4 (0.1 N), after 24 hours
immersed in a solution of NaOH (0.1 N), 48 hours of immersion in Mr Propre(r) detergent followed by 5

days of drying. 251t may be anta eoystou dercoat risin [an OXId of zircgnium. This
may particularly be so whena}tgl rﬁlk%oo Iau?/er coF pr‘rlﬂsgg an‘anti SC{SP gFa ent andan %x%BQ%f rfgnlum

particularly a titariveasexidenrvidsizpatase brybiatisatbiaud. aMihi 20Tl 41832 PRI HR2 QX{@5 6509
10 well as mid-frequency pulsed DC or AC power has been used successfully both in the
co-sputtering mode and in sputtering mixed targets. Gas mixtures including Ar, O2
and N2 have been used over the whole range of 0 to 100% for each gas, depending

on the type of material desired for the layer comprising the antimicrobial agent.

With these processes, no additional or subsequent diffusion of the
15 antimicrobial agent may be needed. We obtain an antimicrobial substrate in one

step, without any thermal treatment, which is cost saving.

It has also been discovered that, if a tempered and antimicrobial glass
is required, the same process may be used, and optionally an underlayer may be
added. Antimicrobial (in particular bacteriostatic but also bactericidal) properties

20 may be maintained even after a tempering process (implying high temperature

treatment during approximatively 2 to 10 min).

Layers of Ag doped metal oxide deposited in a single step by co-
sputtering or sputtering of mixed targets, have been made which have antimicrobial

properties with a simple process that does not require any thermal treatment.

25 When the substrate used is a clear glass, it can advantageously have
antimicrobial properties as well as a neutral colouration in reflection. In particular, the
colorimetric indexes (CIELAB system) in reflection a* and b* (Illuminant C, 10°

observer) may be in the range of between -10 and 6, preferably between -8 and 3



7 Additional or alternative embodiments of the present invention are also described in
dependant claims. The present invention shall be described in more details below, in a
non-restrictiOR¥IAd78R2 Example 1 (comparative) One sample of AEAEBABLINEYlass
having a thickness of 4 mm was coated with a layer of Si02(A1):Ag by co-sputtering. Two metal
targets were used in a mixed atmosphere of argon and oxygen: one was composed of silicon doped
with 10 8% Al and the second target was a metallic silver target. The Si(Al) target was sputtered with
a pulsed DC power supply at 100 kHz while the Ag target was sputtered with DC power supply. The
electric power supplies were regulated in order to obtain 10 mg of Ag in the layer per square meter of

substrate with thetdtartisdatidkrbasest darwren SRS terichilng BiEBh iR opigsefasp 15%,
The bactericidg) popasties {nRastictar o0 B G iN o %ﬁ@@é@&l@&sm&{%%?abf%ﬁﬂdﬂm&aﬁce

with standard JIS Z 2801. A log 1 level indicates that 90% of the bacteria inoculated onto the surface

of the glass weskekiliéigdhpdiablediethécto it itiensiab b dasrindak iog? ihbivae Hehanoadsdithe
b ) N o ) i iled eto. If th |
acteria were WHS%@J%% éInﬂ:ﬁ%&j’%&’%ﬁ%ﬁ?ﬁ@f{ﬁg{%ﬁgﬁ gre&%sdtgda}q/grﬁs% ed etc. If the value

indicated is greater than a’partic e maximum of countable bacteria was
killed. A value greater than log 4 was obtained before tempering the sample. Tempering treatment

25The coafed sample was si fé@té@b@@@rﬁn@oﬁ@ﬂ%@@riﬁbﬁﬁeeﬁﬁ@ﬂk{@b@t ﬁmmj@gor@@z.j@e\nd
0.76 was obtae N O DA g PR bR ogatog g iy THdRgi 09
of coloration is generally expressed with the colorimetric index by Delta E* ; Delta E*
= [ (L*, - L%)? + (a* - a*,)? + (b* - b*,)?]"2. A Delta E* lower than 3, preferably
lower than 2 may be obtained for an antimicrobial substrate according to the
10 invention.

When the substrate is transparent (glass, plastic, ...), it may be
advantageous to obtain antimicrobial properties while keeping the substrate
essentially transparent. In particular, with a clear soda-lime glass of 4mm, the
average light transmission in the visible range of the coated substrate according to the

15 invention may be higher than 50%, preferably higher than 60% and most preferably
higher than 65%.

When the glass substrate used is a clear glass, it may advantageously

have both antimicrobial properties and a low visible light absorption.

The substrate according to the invention has an antimicrobial effect
20  after at least one of the following accelerated ageing tests: wet spray test (test over 20
days in a chamber with a humidity of more than 95% at 40°C), after 500 hours of
UV irradiation (4 340A ATLAS lamps, chamber at 60°C), after 24 hours immersed in
a solution of H,SO, (0.1 N), after 24 hours immersed in a solution of NaOH (0.1 N),
48 hours of immersion in Mr Propre® detergent followed by 5 days of drying.

25 It may be advantageous to use an undercoat comprising an oxide of
zirconium. This may particularly be so when the mixed layer comprises an
antibacterial agent and an oxide of titanium, particularly a titanium oxide in its

anatase crystallised form.



no bactericidal nor bacteriostatic properties were maintained after tempering the coated glass.
Examples 2 and 3 5Samples of the same clear soda-lime glass (4 mm thick) were first coated with an
underlayer ad pEMLEGERd with a layer of 24 nm of Si02-Ag by co-sputteri®§ iRy & SdMe
conditions as in example 1. The electric power supplies were regulated in order to obtain 20 mg/m2 of
Ag in the layer. In example 2, the underlayer is a double underlayer deposited by CVD 10
(Chemical Vapor Deposition) consisting of 75 nm of SiOxCy and 320 nm of fluorine doped tin oxide,
the surface being slightly polished after deposition. In example 3. the underlayer is also a
double SiOxCy/ Sn02:F layer but not polished. The antibacterial effect was measured in the

same manner as in 15 examﬁ@ﬂ?%h‘é‘s%ﬁ@&@?‘{ﬁﬁﬁ“@@d&rﬁ}@é sbthgeigsent invepfiap @rl%ﬁ{ﬁéring

treatment carrieg Quiin the $BRIIANRGIAS in example 1, antibacterial values greater than log 4 were
maintained. Accelerated ageing tests The following ageing tests were carried out : 20- wet spray (test

for 20 days in a chamber with a humidity of more than 95% and at 40C): 500 hours of UV irradiation
(4 340A ATLAS lamps, chamé e invemirnsshplhigerssssineartHsess d&ritioRew Ny, avo

2007/147832PGT/ER20RF(B6L83S-
5

Example 1 (comparative)

One sample of clear soda-lime glass having a thickness of 4 mm was

coated with a layer of SiO,(Al):Ag by co-sputtering. Two metal targets were used in a
mixed atmosphere of argon and oxygen: one was composed of silicon doped with

10 8% Al and the second target was a metallic silver target. The Si(Al) target was
sputtered with a pulsed DC power supply at 100 kHz while the Ag target was
sputtered with DC power supply. The electric power supplies were regulated in order

to obtain 10 mg of Ag in the layer per square meter of substrate with the total_layer

thickness of 24 nm.

15 Measurement of the antimicrobial effect

The bactericidal properties (in particular on E. Coli) of all the samples

were analysed in accordance with standard JIS Z 2801. A log 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;

20 log 3 indicates that 99.9% of the bacteria deposited were killed etc. If the value
indicated is greater than a particular amount, this mean that the maximum of

countable bacteria was killed.
A value greater than log 4 was obtained before tempering the sample.

Tempering treatment

25 The coated sample was subjected to a common tempering treatment
(670°C during 200 sec.). And the bactericidal properties were analysed in same way

as for the sample before tempering step. A log 0.76 was obtained which means that



- 48 hours of immersion in Mr Propre (r) "salle de bain liquide" detergent followed by 5 days of drying.
The antibacterial properties were again measured on the samples having been tempered and then
subjected toXREYECEIERRed ageing tests. 5The sample of example 2 main®§iEEPANGY W9 alue after
H2S04 immersion, a log 4.7 value after the wet sp¥ay test, a log 4.1 after the detergent immersion test
and after the UV test. The sample of example 3 maintained a log 4.5 value after H2S0O4
immersion, a log 4.7 value after the wet spray test, a log 3.6 after the detergent 10immersion test and
a log 4.1 after the UV test. Example 4 Samples of the same clear soda-lime glass (4 mm
thick) was first coated with a CVD underlayer of 75 nm of SiOxCy and 320 nm of fluorine doped tin
oxide, 15and tHPsbasiesiridalnaen BrRgimPpistkichBrrRrEicte pissridnaintainedTafles siemiaering dhen
been coated wi&gg}éayﬁég 15 nm of Si02-Ag by co-sputtering. As in example 1, two metal targets
were used in a mixed atmosphere of argon and oxygen: one was composed of silicon doped with 8%
Al and the second target was a metallic silver target. Both targets were sputtered with 20 one single
AC electric power supply operating at 27 kHz and being regulated in order to obtain 15 mg of Ag in the

layer per square meter of substrate. The antibacterial effect was measured in the same
manner as in the other exampigagm\Hdéde2 gigd®r than log 4 were obtained. WO
2007/147832PCT/EP2007/056109 10 The tempered samples were then subjected to

accelerated ageing tests. After a wet spray test, the antibacterial properties were maintained tg a value
greater thah Iog 4. After the GERRENErSRCSEH VRUE BB Was BBtal R abP it the UV

test, a log 2.5 wasteltairBthrbunderlayer and then coated with a layer of 24 nm of SiO,-Ag by co-
sputtering using the same conditions as in example 1. The electric power supplies

were regulated in order to obtain 20 mg/m? of Ag in the layer.

In example 2, the underlayer is a double underlayer deposited by CVD
10 (Chemical Vapor Deposition) consisting of 75 nm of SiOxCy and 320 nm of fluorine
doped tin oxide, the surface being slightly polished after deposition.

In example 3, the underlayer is also a double SiOxCy/ SnO2:F layer
but not polished.

The antibacterial effect was measured in the same manner as in

15 example 1. Values greater than log 4 were obtained.

After a tempering treatment carried out in the same manner as in

example 1, antibacterial values greater than log 4 were maintained.

Accelerated ageing tests

The following ageing tests were carried out :

20 - wet spray (test for 20 days in a chamber with a humidity of more than

95% and at 40°C);

- 500 hours of UV irradiation (4 340A ATLAS lamps, chamber at
60°C),

- 24 hours of immersion in an H,SO, solution (0.1 N),



Example 5 Samples of the same clear soda-lime glass were first coated with the same double
CVD underlayer as in examples 2 and 4. A layer of SiZrOx doped with Ag was then deposited by
co-sputterin®y QSiMy/ititBaetallic targets (Si-Zr (IOwt%Zr) 10 and Ag). Both tB¢JeE®0er8gpfttered with
one single electric power supply being regulated irforder to obtain a total thickness of 19 nm and 21
mg/m2 of Ag. The antibacterial effect was measured in the same manner as in the previous
examples. On the samples before tempering (a value greater than log 4 was obtained), after tempering
(a value greater than log 4.6 was obtained). The 15 tempered samples were subjected to accelerating

ageing tests. After the H2SO4 immersion test, a bactericidal value greater than log 4.9 was
maintained. After the wet spra)ﬂ%slﬁ,oé“ﬂ?alafe ﬁ%ﬁ?é?l%ﬁqoglﬁ.fme(@)tai?%@ afel drdp tﬁ@‘&@f’ergent

immersion test&m&gmmtwgdda\%g%y&?%zPCT/EP2007/056109 1 Examples 6 and 7

Samples of the same clear soda-lime glass wereé first coated with the same double CVD underlayer as
in examples 2 and 4. A layer of TIAIOx doped with Ag was then deposited by co-sputtering using one
Ag metal target and one ceraifc SHiRgsteriRloNRaRY Mievg) REaImiRERHREsShe b o SgBIeand

oxygen. HIR RRBURIE Bnie T AR IAIGEL AR SRYRECSL IR ARYISeS 3 GRRWer Supply at 100

kHz while the Ag target was sputtered with a DC power supply. The electric power supplies were
regulated in order to obtain a thickness of 60 nm and 26 mg/al' of Ag in the%ls(jler. 10In exarﬂgle 7, both

targets were sputtered with ori®sidgi® & COp SRRl ply RliaiRaGncolaer o oldis ofittekhesSof 7
nm and 30 mg/ma R Agdn dhe.lpver. Theanfikaciesial sffestayagmeasured i tiesame Mmangenas in

the previous examples. On the sample before tempering a value greater than log 4 was obtained, after
tempering a valiepeieertasaandgis thad Bbtgsted. 15Good antibacterial properties were obtained
for all examples of the invention before and after tempering treatment. Whereas in the comparative

example 1 where no U”de”aYﬁEWé%%ﬂ?@%itéga%?ééngb%ﬁﬂéﬁ@@pﬂﬂf?s Were NSt oppemable
afi

when then sample has been tempered. ach time an accelerafing ageing test has been

carried out, theiBan®soPOardoedthd toclhe intientioe welimainedessod apgbabteripiopateiesgent
10  immersion test and a log 4.1 after the UV test.

Example 4

Samples of the same clear soda-lime glass (4 mm thick) was first coated
with a CVD underlayer of 75 nm of SiOxCy and 320 nm of fluorine doped tin oxide,
15  and the surface has been slightly polished after deposition.

The samples have then been coated with a layer of 15 nm of SiO,-Ag
by co-sputtering. As in example 1, two metal targets were used in a mixed
atmosphere of argon and oxygen: one was composed of silicon doped with 8% Al
and the second target was a metallic silver target. Both targets were sputtered with

20  one single AC electric power supply operating at 27 kHz and being regulated in order

to obtain 15 mg of Ag in the layer per square meter of substrate.

The antibacterial effect was measured in the same manner as in the

other examples. Values greater than log 4 were obtained.

After the tempering treatment carried out in the same manner as in

25  example 1, antibacterial value of log 4.6 was maintained.



Furthermore a sand abrasion test was carried out in order to measure the mechanical resistance of the
coated samples. In this test, a piece of felt is rubbed on the sample for 600 passes. A weight of 1050 g
is applied oWV HEIIWIEA2 an abrasive solution is poured on the sample (160Cd/8P2HPSpABSh 500 per
litre of 25water). After the test is completed, the cHénge of reflected colour in the abraded zone is
measured and expressed as delta E*. WO 2007/147832PCT/EP2007/056109 12 For example
6, a delta Et of 2.2 was obtained, which means that the mechanical resistance of the layer is
acceptable. For example 7, a delta Et of 0.5 was obtained, which means that the change of

colour is undetectable with the eyes and that the mechanijcal resistance of 5the layer is very good.
The antibacterial properties \Eéﬁet?ﬁ%ﬁ%%éaémﬁe&ﬂ’é?%éhﬁﬂra‘é%ﬁ”f:fégt.tqf@?@i%@fyﬁ% paalamietery

good level of anfipacierial agthity-uiasatiatiei&il PIBRMIRY wRiIgGhMRRQRIANG B Rsans

that the sample was still bactericidal. Example 8 100ne sample of clear soda-lime glass having a

thickness of 4 riranas doafditewttre lrigesent Mmopoxsdy testsputtdrin@f TomIevartarhetnekrndsed
in a mixed atm%%@p%% gf\,a{g&na %%Wﬁy 6}&%}({/&? composed of zirconium and the second target
silve

was a metallic r target. An’unipolar pulsed electric power supply was used and was regulated in
order to obtain 7 wt% of Ag in the layer. The layer 15 thickness was 225 nm. The bactericidal
properties df the sample was analysed in accordance with Standard JIS Z 2801 before and after
tempering process The coated sample was subjected to a tempering treatment (670C during
200 sec.). And the bactericidalRigRgEfiss were analysed. A log 3.8 was 20 obtained which means that
the sample has good bactericidal properties after tempering.

Samples of the same clear soda-lime glass were first coated with the

same double CVD underlayer as in examples 2 and 4. A layer of SiZrOx doped with

Ag was then deposited by co-sputtering using two metallic targets (Si-Zr (10wt%Zr)

10 and Ag). Both targets were sputtered with one single electric power supply being

regulated in order to obtain a total thickness of 19 nm and 21 mg/m? of Ag.

The antibacterial effect was measured in the same manner as in the
previous examples. On the samples before tempering (a value greater than log 4 was
obtained), after tempering (a value greater than log 4.6 was obtained). The

15 tempered samples were subjected to accelerating ageing tests. After the H,S0,
immersion test, a bactericidal value greater than log 4.9 was maintained. After the
wet spray test, a value greater than log 4.7 was obtained and after the detergent

immersion test, a log 4.1 was obtained.



Examples 9 and 10 Samples of the same clear soda-lime glass (4 mm thick) was first coated
with a CVD underlayer of 75 nm of SiOxCy and 320 nm of fluorine doped tin oxide, 25and the surface
has been sIYRBOPOIEHE after deposition as in the previous examples 2 ak§ 1ER24417956109
2007/147832PCT/EP2007/056109 13 A laydr of TiOx doped with Ag has been deposited by
magnetron co-sputtering using one metal target of Ag and one ceramic target TiOx respectively in a
mixed atmosphere of argon and oxygen for example 9 and in a atmosphere comprising mainly argon
for example 10. 5For both samples, the Ag target was sputtered with a pulsed DC power supply at 50
kHz with 50 s one time, while the TiOx target was sputtered with DC power supply. The electric power
supplies were regulated in order to qQbtain a lgyer of respectively 38 nm thick for example 9 and 11 nm
for example 10. The layer co "r@s% a/jy 5 mg/m2 of Ag in example 9 and 4 mg/m2 of Ag in
example to10. The samples were tempered as in the previous examples and the H2S0O4 and
NaOH accelerated ageing teStmtsscriieith aawewirercasdadiout. ghstibactertalseiteataasw mhegsured

in the same manner as descriped abpve. . Forex9,valyes of log 2.4 and 1.9 were obtajned
respectively aft118 LA L AREE 540 b oP a5 A B ia
obtained respeglivelysaftenHzpoditesband Na@driagtusing oneAlighide:sadaliagiondesidaseribed
in examples 6-7, the delta E* was respectively 0.9 (Ex 9), and lower than 0.5 (Ex. 10). This means that
the 20mechanitallagsdfdRel émgqﬁ@w@%m afparRprre f argon and oxygen.
In example 6, the Ti(Al)Ox target was sputtered with a pulsed DC
power supply at 100 kHz while the Ag target was sputtered with a DC power supply.
The electric power supplies were regulated in order to obtain a thickness of 60 nm

and 26 mg/m? of Ag in the layer.

10 In example 7, both targets were sputtered with one single AC power
supply regulated in order to obtain a thickness of 7 nm and 30 mg/m? of Ag in the
layer. The antibacterial effect was measured in the same manner as in the previous
examples. On the sample before tempering a value greater than log 4 was obtained,

after tempering a value greater than log 4.6 was obtained.

15 Good antibacterial properties were obtained for all examples of the
invention before and after tempering treatment. Whereas in the comparative
example 1 where no underlayer was deposited the antibacterial properties were no

more observable when then sample has been tempered.

Each time an accelerating ageing test has been carried out, the sample

20  according to the invention maintained good antibacterial properties.

Furthermore a sand abrasion test was carried out in order to measure
the mechanical resistance of the coated samples. In this test, a piece of felt is rubbed
on the sample for 600 passes. A weight of 1050 g is applied on the felt while an
abrasive solution is poured on the sample (160 g of sand, mesh 500 per litre of

25 water). After the test is completed, the change of reflected colour in the abraded

zone is measured and expressed as delta E*.



A sample of the same clear soda-lime glass was first coated with the same double CVD underlayer as
in examples 2 and 4-7, 9-10. A layer of SiOxNy 25 doped with Ag was then deposited by co-sputtering
using one tM§EEWISiHAEBA and one target of silver in a mixed atmosphere oP&RYBR2MTEYdeP and
oxygen. WO 2007/147832PCT/EP2007/056109 1¥# The Si target was sputtered with a pulsed
DC power supply at 50 kHz with 5 AS while the Ag target was sputtered with a DC power supply. The
electric power supplies were regulated in order to obtain a layer of 12 nm with 1 mg/m2 of Ag. 5A sand
abrasion test was carried out as described hereinabove. The delta E* measured was 1.6 which means
that the mechanical resistance of the layer is good. Example 12 A sample of the same clear soda-lime

glass (4 mm thick) was first fPESxREARILR 2CiauRdfager wRY SRR SiBRich arepasdhantbe
fluorine doped %%Qﬁc&l'}gsﬁ%ﬁé&%ﬁﬁ@@@QF%%EQEH%&Q'iShed after deposition as in the previous

examples 2 and 4-7. A layer of TiOx doped with Ag has been deposited by magnetron
sputtering using a single target of mixed ceramic titanium and Ag (1.3 wt%). The 15 single target was

sputtered with a normal DC &N@%@Uﬁﬂ@?ﬂ %%%@3tﬁ‘fd%1§11%’r%°* &bé?ﬁlﬁ@aﬁ@%%n?ﬁéaél ric
power supply wag FRguiates] itcrdgh iR Rbiala Janeihef AR nahWihA thog{BR e resistancy B

good antibacterial properties were obtained after tempering and after sand abrasion test (log4.7). 20
The colourdin réflecaverisaeerhiemsnsted on the coated side for most of the samples. The results are
summarized in the following table. All the values are obtained according to the Cielab system (D65,

10). Tlhe !igrzlgt[r)%résrgission infegratea andhs) isienavgiasginsbasalse bessrmeagyreddipmssome
samples in , 2.
P For example 6, same very good level of antibacterial activity was obtained. For

example 7, a log 2.4 was obtained which means that the sample was still bactericidal.
Example 8

10 One sample of clear soda-lime glass having a thickness of 4 mm was
coated with a layer of ZrO,:Ag by co-sputtering. Two metal targets were used in a
mixed atmosphere of argon and oxygen: one was composed of zirconium and the
second target was a metallic silver target. An unipolar pulsed electric power supply
was used and was regulated in order to obtain 7 wt% of Ag in the layer. The layer

15  thickness was 225 nm.

The bactericidal properties of the sample was analysed in accordance

with Standard JIS Z 2801 before and after tempering process

The coated sample was subjected to a tempering treatment (670°C
during 200 sec.). And the bactericidal properties were analysed. A log 3.8 was
20 obtained which means that the sample has good bactericidal properties after

tempering.
Examples 9 and 10

Samples of the same clear soda-lime glass (4 mm thick) was first coated
with a CVD underlayer of 75 nm of SiOxCy and 320 nm of fluorine doped tin oxide,
25 and the surface has been slightly polished after deposition as in the previous

examples 2 and 4-7.



WO 20071147832PCT/EP200710561119 15 Tv Example 2 42.4 -3.6 3.3 Example 442.7 -6.51.5

WO 2007/147832 PCT/EP2007/056109
13

A layer of TiOx doped with Ag has been deposited by magnetron co-
sputtering using one metal target of Ag and one ceramic target TiOx respectively in a
mixed atmosphere of argon and oxygen for example 9 and in a atmosphere

comprising mainly argon for example 10.

5 For both samples, the Ag target was sputtered with a pulsed DC power
supply at 50 kHz with 50 us one time, while the TiOx target was sputtered with DC
power supply. The electric power supplies were regulated in order to obtain a layer
of respectively 38 nm thick for example 9 and 11 nm for example 10. The layer

comprises respectively 5 mg/m2 of Ag in example 9 and 4 mg/m2 of Ag in example
10 10.

The samples were tempered as in the previous examples and the
H2504 and NaOH accelerated ageing tests described above were carried out.

Antibacterial effect was measured in the same manner as described above.

For ex 9, values of log 2.4 and 1.9 were obtained respectively after

15  H2504 test and NaOH test.

For ex 10, values of log 2.8 and 2.0 were obtained respectively after
H2504 test and NaOH test.

After the sand abrasion test described in examples 6-7, the delta E*
was respectively 0.9 (Ex 9), and lower than 0.5 (Ex. 10). This means that the

20  mechanical resistance of the layer is very good.

Example 11

A sample of the same clear soda-lime glass was first coated with the
same double CVD underlayer as in examples 2 and 4-7, 9-10. A layer of SiOxNy
25  doped with Ag was then deposited by co-sputtering using one target of silicon and

one target of silver in a mixed atmosphere of argon, nitrogen and oxygen.



Example 5 42.3 -5.9 3.3 Example 6 42.6 -5.2 -1.0 Example 7 44.1 -5.5 0.6 Example 9

WO 2007/147832 PCT/EP2007/056109

10

15

20

25

14

The Si target was sputtered with a pulsed DC power supply at 50 kHz
with 5 us while the Ag target was sputtered with a DC power supply. The electric
power supplies were regulated in order to obtain a layer of 12 nm with 1 mg/m2 of

Ag.

A sand abrasion test was carried out as described hereinabove. The
delta E* measured was 1.6 which means that the mechanical resistance of the layer is

good.
Example 12

A sample of the same clear soda-lime glass (4 mm thick) was first
coated with a CVD underlayer of 75 nm of SiOxCy and 320 nm of fluorine doped tin
oxide, and the surface has been slightly polished after deposition as in the previous

examples 2 and 4-7.

A layer of TiOx doped with Ag has been deposited by magnetron
sputtering using a single target of mixed ceramic titanium and Ag (1.3 wt%). The
single target was sputtered with a normal DC power supply in a mixed atmosphere of
argon and oxygen. The electric power supply was regulated in order to obtain a
layer of 36 nm with 2.2 mg/m2 of Ag.

Very good antibacterial properties were obtained after tempering and

after sand abrasion test (log4.7).

The colour in reflection was measured on the coated side for most of
the samples. The results are summarized in the following table. All the values are
obtained according to the Cielab system (D65, 10°). The light transmission
integrated on the visible wavelengths has also been measured from some samples in

D65, 2°.



57.4 -0.6 -4.4 67.7 Example 10 45.3 -5.3 -1.7 77.9 Example 11 43 -6.9 0.7 81.8 Example 12 58.1 3.3

WO 2007/147832 PCT/EP2007/056109
15
L* a* b* Ty

Example 2 42 .4 -3.6 3.3

Example 4 427 -6.5 15

Example 5 42.3 -59 3.3

Example 6 42.6 52 -1.0

Example 7 441 -55 0.6

Example 9 574 -0.6 4.4 67.7
Example 10 45.3 5.3 -1.7 779
Example 11 43 -6.9 0.7 81.8
Example 12 58.1 3.3 -5.0 80.4

For the ease of the manipulations, all the examples have been done
5 with Ag as antimicrobial agent, but the same results are expected with Cu or Au

which are also known for their antimicrobial properties.



-5.080.4 For the ease of the manipulations, all the examples have been done 5 with Ag as
antimicrobial agent, but the same results are expected with Cu or Au which are also known for their
antimicrobiaVerepEHES32W 0 2007/147832PCT/EP2007/056109 16 CLAIMBCT/EP2007/0568 (b strate
coated on at least one of its surfaces with at least ¥ne mixed layer deposited by a sputtering under
vacuum (preferably magnetically enhanced) process, the layer comprising at least one antimicrobial
agent mixed with 5 a binder material chosen amongst metal oxides, oxynitrides, oxycarbides,
carbides, DLC or nitrides, in particular Si02 , Sn02, Zr02, ZnO, Ti02, NbOx, Al203, NiCrOx, Si3N4,
TiN, AIN or mixtures thereof, in particular ZnxSnyOz, TiZrOx or SiOxNy, the coated substrate
maintaining antimicrobial properties after accelerate‘él%%ﬁ tests. 2. Substrate according to
the preceding claim, characterised in that 10it is coated with an underlayer with a function of slowing

down or blocking the diffusion of axiiRicsediEd AGEMS. at least heSWPEY AR REEORIINY 40 RAY: Wi Of the
preceding claims, characterised in that the antimicrobial agent is selected from silver, copper, gold and

zinc, or mixtureREG@olYe SepRiiak Rtctdivy i ERg dHKler tHacHiEBedrigiraihs, magnetically

enhanced) process, the layer comprising at least one antimicrobial agent mixed with
5 a binder material chosen amongst metal oxides, oxynitrides, oxycarbides, carbides,
DLC or nitrides, in particular SiO, , SnO,, ZrO,, ZnO, TiO,, NbOx, AlL,O,, NiCrOx,
Si;N,, TiN, AIN or mixtures thereof, in particular ZnxSnyOz, TiZrOx or SiOxNy, the

coated substrate maintaining antimicrobial properties after accelerated ageing tests.

2.  Substrate according to the preceding claim, characterised in that
10 it is coated with an underlayer with a function of slowing down or blocking the

diffusion of antimicrobial agents.

3. Substrate according to any one of the preceding claims,
characterised in that the antimicrobial agent is selected from silver, copper, gold and

zinc, or mixture thereof,

15 4, Substrate according to any one of the preceding claims,
characterised in that the total quantity of antimicrobial agents that it comprises is
more than 0.1 mg/m?, preferably more than 1 mg/m? and particularly preferred more
than 2 mg/m? and is less than 300 mg/m2, preferably less than 150 mg/m?® and
particularly preferred less than 80 mg/m2.

20 5.  Substrate according to any one of the preceding claims,
characterised in that on at least one of the following bacteria: E. coli, 5. aureus, P.
aeruginosa (measured in accordance with the standard JIS Z 2801), it has a
bactericidal effect higher than log 1, preferably higher than log 2 and particularly
preferred higher than log 2.5.

25 6. Substrate according to any one of the preceding claims,

characterised in that the layer comprises tin oxide, silicon oxide, zirconium oxide,



characterised in that the total quantity of antimicrobial agents that it comprises is more than 0.1
mg/m2, preferably more than 1 mg/m2 and particularly preferred more than 2 mg/m2 and is less than
300 mg/m2 Weetetabk/9&ss than 150 mg/m2 and particularly preferred less RRArE820MHAND?
205.Substrate according to any one of the precedig claims, characterised in that on at least one of
the following bacteria: E. colt S. aureus, P aeruginosa (measured in accordance with the standard JIS
Z 2801), it has a bactericidal effect higher than log 1, preferably higher than log 2 and particularly
preferred higher than log 2.5. WO 2007/147832PCT/EP2007/056109 17 silicon nitride or mixtures
thereof, and an antimicrobial agent selected from silver, copg'er'and zinc, or mixtures thereof,

7. Substrate actbfaingiBidpycsrBisturitNoRPE, 2RAratt Grtriat areploelasiednbiemyiyss

chosen among%%g}lgilqcpﬂgcswt;g{)g%l@yg{érégf.5 particular layers comprising metal oxide, metal
oxinitride, metal or metal alloy compound, such as Pd, Ni, Cr, Y, TiOx. NiCrOx, Nb, Ta, Al, Zr or ZnAl.

Sn02. ZnxSnyOz. SiOx. SiIOx.Ny, ZrOx or any mixtures thereof. 8. Substrate according to
any one of claim 2 to 6, characterRBBSH2¢RR EIBEKIAF OV dEHAPEClIENSsth GrsdatRtRNSEd fMtride,

in partioular nitile GhdOSibclind GF AR TIUIBR SRhonast puidiRLOSRGARRALENE G one

of claim 2 to 8, characterised in that the Underlayer is deposited by pyrolytic method, in particular by
Chemical Yapop@égdshidavers comprignGSubstrat@xiccordneipio @npibineofraiiih ortowetahateverised

in 15that the underiayer hag phigkpessgreatenthand,niyereierably aealgr 990 snoz,
ZnxSnyOz, SiOx, SiOxNy, ZrOx or any mixtures thereof.

8.  Substrate according to any one of claim 2 to 6, characterised in
that the blocking underlayer is chosen amongst metal nitride, in particular nitride of

10 Si, Ti, Zr or Al or mixtures thereof.

9.  Substrate according to any one of claim 2 to 8, characterised in
that the underlayer is deposited by pyrolytic method, in particular by Chemical Vapor

Deposition.

10. Substrate according to any one of claim 2 to 9, characterised in
15  that the underlayer has a thickness greater than 1 nm, preferably greater than 10 nm

and particularly preferred greater than 50 nm.

11. Substrate according to any one of the preceding claims,
characterised in that, the layer comprising the antimicrobial agent has a thickness
greater than 2 nm, preferably greater than 5 nm and particularly preferred greater

20  than 8 nm and lower than 300 nm, preferably lower than 250 nm, and particularly

preferred lower than 200 nm.

12. Substrate according to any one of the preceding claims,
characterised in that it is covered with an undercoating comprising ZrO2 and the
layer comprising the antimicrobial agent is based on TiOZ2, in particular TiOZ2 at least

25  partially crystallised in the anatase form.

13. Substrate according to any one of the preceding claims,

characterised in that the substrate is metallic.



and particularly preferred greater than 50 nm. 11. Substrate according to any one of the
preceding claims, characterised in that, the layer comprising the antimicrobial agent has a thickness
greater tharMOr#) 70k 2ably greater than 5 nm and particularly preferred e AtEPZO M ® nm and
lower than 300 nm, preferably lower than 250 nm,1&nd particularly preferred lower than 200 nm.

12. Substrate according to any one of the preceding claims, characterised in that it is covered with an
undercoating comprising Zr02 and the layer comprising the antimicrobial agent is based on Ti02, in
particular TiO2 at least 25patrtially crystallised in the anatase form. WO
2007/147832PCT/EP2007/056109 18 14. Substrate according to any one of Claims 1 and 12,
characterised in that the subéﬁateslgbétﬁ?é%@‘i(}ﬁ@%@rﬁw one of Glaings|dsand birehedsireeedn at

least one of its gupfaces IR RRARI LBB. XA QY deposited by a sputtering under vacuum

(preferably magnetically 5 enhanced) process, the layer comprising at least one antimicrobial agent
mixed with a binder material chosen amongst metal oxides, oxynitrides, oxycarbides, carbides, DLC or

nitrides, in particular Si02 , Sho2, 2103 #HBI AR SORIBO LA IRIOR! Bratafaray VAN aligast
mixtures thereqf,in MB@U!QM%&;UQ@T@QW%Q@%H@ CRAIRGSYBRITAISHNAIRRIANG ALl

bactericidal properties after tempering treatment. 10 lass substrate coated on at least one of its

surfaces with aefé@stcene Mibesdsalfer BepbstaePpyiacsphiteaihgnmaetivaciabinl(pastiranked with

magnetically e ced) pr , risingat least o jmicrok)j ixed:-with a
Binger material e A e B e it o
particular Si02 DBEADRy DiORIZND, FidReNEOAI2EB\DHCEDX, 16(iINA,, THOMNADOniXNite©thereof,
in particular ZnxS 1ZrOx or, SiOxNy, the coated substrate jnaintajqin imicrqbjal properties

after accelerateédS'gg‘gf\%\?;e%s@ Sgﬁema{ﬁtélr é&ahr%%é)ﬁhﬁl {8l u(f?\ .ipl)%?ny 2. q&?ﬁ@? s%rb%i@a gf %gcﬁc?rding

to any of claimed4ide dgbahatasternsemingtbatibpreketfoghaiactetisticsrpleaingnoaaieshglass. 2018.
Glass substrate according to any one of Claims 14 to 16, characterised in that it has a neutral

colouratiq in reflection. i.e. t{;ﬁ cQ rimetrhc grn(iexes ta* and b*laretin the range cg betweﬁ%n -1r) and 6,
preferably between -8 and 3 and p ficula f/ S&&ﬂ%&%@t’\}vggr@é aitf ¢ drcP etV ?é Sﬁér
than 60, preferably iowvedthayeb2 epskipedtibylarlypreiaredilaerihanuds.(preferably magnetically
enhanced) process, the layer comprising at least one antimicrobial agent mixed with
a binder material chosen amongst metal oxides, oxynitrides, oxycarbides, carbides,
DLC or nitrides, in particular SiO, , SnO,, ZrO,, ZnO, TiO,, NbOx, AL,O,, NiCrOx,
15 SigN,, TiN, AIN or mixtures thereof, in particular ZnxSnyOz, TiZrOx or SiOxNy, the

coated substrate maintaining antimicrobial properties after accelerated ageing tests

done after a tempering treatment.

17. Glass substrate according to any of claims 14 to 15, characterised

in that it presents characteristics of an annealed glass.

20 18. Glass substrate according to any one of Claims 14 to 16,
characterised in that it has a neutral colouration in reflection, i.e. the colorimetric
indexes a* and b* are in the range of between -10 and 6, preferably between -8 and
3 and particularly preferred between -6 and 0O, and the L* value is lower than 60,
preferably lower than 52 and particularly preferred lower than 46.

25 19. Glass substrate according to any one of claims 14 to 18,
characterised in that it has a light transmission in the visible range higher than 50%,

preferably higher than 60% and most preferably higher than 65%.



2519. Glass substrate according to any one of claims 14 to 18, characterised in that it has a light
transmission in the visible range higher than 50%, preferably higher than 60% and most preferably
higher than 852200y $8307/147832PCT/EP2007/056109 19 20. PRECEEST0N (M B¥bduction of
a substrate having antimicrobial properties, charadterised in that it consists of depositing at least one
antimicrobial agent mixed with a binder material chosen amongst metal oxides, oxynitrides,
oxycarbides, carbides, DLC or nitrides, by sputtering under vacuum using DC 5powering, unipolar
pulsed powering or bipolar powering, using a frequency of 0 to 500 kHz. 21. Sputtering under
vacuum process for the production of a coated substrate having antimicrobial properties, consisting of

depositing a mixed layer of LihetdlioRrhs d@béhﬁNRFPchéirﬂﬂn r@oi%}%@ﬁ? H}ﬁé’ﬂlﬁt@r’i}?@?iﬂﬁ@@%ted
substrate | Opresigping.antAirIPRIAl RIOREHSS RIRNRLEE S 2B RERIR%IERISst one anfmibIESS

according to any one of claims 20 or 21, characterised in that two separate targets are used.
23. Process aceegdingrixeshyvate of biaies 20a0erl, chasaoterivendsi thacioheosinghe mivwditsieet is

used for deposij idymix rin ic%la 15mixture o mi etallic materials.
24. Process acét%%%%%’n&%ﬁ%%? ’C|1§I’E}§ 2 té @c%ﬁit%%%%%ﬁt%%ﬁ% %)E(g ayﬁegr&% nls)igts of a
layer of Ad¢p doppdv&ifig Sulipoka0PuBad phid2yiNdOx bAIRES, IMiGeOng SiBMYG. T ifseAidhoy whiXiues
thereof, in parti%l?[g%lzlnxSnyOz, TiZrOx or SiOxNy. 2025. Process for the production of a tempered
and antimicrobial gl s§‘type substrate comprising the steps of (i) depositing by sputtering
vacuum process a mixed layer comprising an antimicrobial agent and a binder material;

21. Sputtering under vacuum process for the production of a coated

substrate having antimicrobial properties, consisting of depositing a mixed layer of a
metal oxide doped with an antimicrobial agent by sputtering, the coated substrate

10  presenting antimicrobial properties after accelerated ageing tests.

22. Process according to any one of claims 20 or 21, characterised in

that two separate targets are used.

23. Process according to any one of claims 20 or 21, characterised in
that one single mixed target is used for depositing said mixed layer in particular

15 mixture of ceramic and metallic materials.

24, Process according to any one of claims 20 to 23, characterised in
that the mixed layer consists of a layer of Ag doped SiO,, SnO,, ZrO,, ZnO, TiO,,
NbOx, AlL,O,, NiCrOx, Si;N,, TiN, AIN or mixtures thereof, in particular ZnxSnyQOz,
TiZrOx or SiOxNy.

20 25. Process for the production of a tempered and antimicrobial glass

type substrate comprising the steps of

(i) depositing by sputtering vacuum process a mixed layer

comprising an antimicrobial agent and a binder material;

(ii) tempering the coated substrate at a temperature
25  comprised between 600 and 800 °C during 2 to 10 min according to the thickness of

the substrate.



(if) tempering the coated substrate at a temperature 25comprised between 600 and 800 C during 2 to
10 min according to the thickness of the substrate. 20 26. Process according to any one of claims 20
to 25, characterised in. that at least one underiayer is deposited on the substrate before the deposition

of the mixed layer. 27. Process according to the preceding claim. characterised in that the
underlayer has a function of blocking or slowing da@@n the migration of the antimicrobial agent during
the tempering step. 2.8. Process according to any one of claims 26 or 27, characterised in that

the underlayer is chosen amongst pyrolitic and s uttereégl layers, in particular layers comprising metal
oxide, metal or metal aIIoéGCﬁtﬁ%ﬁ%{?Fg@ﬂgég % r?@,/'??@Q,tﬁ réﬁ?r f\‘ﬁs ﬁ%n r ZnAl,
Sn02, Znx8nyOz, SiOx, SiOxNkyes? vtox etz mitidedsnepanti cudaunitride ef S thie Zr or Al or
mixtures thereof. 2.9.(§>roc SS aT?Hrdin)geEol any one of claims 26 to 28, characterisctd in h t the

underiayer is deposited by py?g@%éoﬁﬁg ho ,ni"n par?r%urar by CVD.

27. Process according to the preceding claim, characterised in that the
underlayer has a function of blocking or slowing down the migration of the antimicrobial

agent during the tempering step.

28. Process according to any one of claims 26 or 27, characterised in that
the underlayer is chosen amongst pyrolitic and sputtered layers, in particular layers
comprising metal oxide, meta or metal alloy compound, such as Pd, Ni, Cr, Y, TiOx,
NiCrOx, Nb, Ta, Al, Zr or ZnAl, SnO2, ZnxSnyOz, SIOx, SIOXNy, ZrOx or metal

nitride, in particular nitride of Si, Ti, Zr or Al or mixtures thereof.

29. Process according to any one of claims 26 to 28, characterised in that

the underlayer is deposited by pyrolytic method, in particular by CVD.



