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TOUGHENED GLASS BODY

The present invention relates to glass badies of any shape, for examp['e in the form of flat
sheets or in three-dimensional form of greater thickness. '

In numerous applications such glass bodies require particularly high strength, in particular a
surface strength. Chemical or thermal treatments are considered for this purpose.

With thermal hardening of glass compressive stresses are frozen on the surface, while
tensile stresses are frozen in the core due to the lower cooling rate. The width of the
compressive siress zone is approximately 1/5 of the thickness of the glass. Thermal
hardening, hbwever, is limited to sheets having a thickness > 3 mm,
i

By comparison fo thermal hardening chemical hardening is based on the fact that
compressive stresses in the glass surface franspire by modification to the composition of the
surface area relative to the interior of the glass. In most casés this modification is
accomplished by an alkali ion exchange at temperatures below the transformation
temperature Tg. in the process the glass is freated in potassium nifrate smelting at
approximately 50 - 150°C below Tg for several hours. A compressive stress zone, whose
depth is ca. 60 - 150 pm resuits from the exchange of Na to K. This method also is restricted
to thicker glass > 0.7 mm. Furthermore, it is qssential that the glass is polished for optical or
electronic applications after chemical hardening. This procedural step again increases
production costs and in the case of thin glass (< 0.3 mm)}) leads to considerable losses due to

breakages.

The abovementioned methods are accordingly not to be implemented for thin glass, as used

"in particular for displays or for data storage or for electronic applications.

With minimal Qlass thickness, in particular thicknesses < 1 mm, or due to the manufacturing
' process for three-dimensional .giass bodies, previously known processes for toughening
glass, such as thermal and chemical hardening, are ruled out because these processes are
too time-consuming, or produce a surface which must be reprocessed Llsing an expensive
polishing procedure and which is not useful for optical, electrical, “electronic and
optoelectronic applications. In particular in applications where very thin glass (< 0.3 mm) is
used, it is particularly important to increase the strehgth of the glass, since this otherwise

breaks too easily. Furthermore, thermal hardening -is possible only for glass-types having a
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means of compressive or tensile stress being built up in the layer or in the glass.

US 5 455 087 also desciibes a pracess for toughening glas§ containers by polymerisation on
the glass sudface. Here, too, this increase in étrength is achieved only by the protective
mechanical effect and not, as described in the process according to the present invention, by
means of mechamcal prestressing of the polymer layer. Neither is there any mention made of

the significance of tear-growth resistance of the polymers in the abovementioned documents
- . The object of the invention is to equip a glass body of any type and shape with greater
sti‘ength. In padicular, high surface strength should be achieved with the towest. possible

manufacturing expense and low manufacturing costs.

This task is solved by the characteristics of the independent claims.



pol i shing procedure and which is not useful for optical, electrical,

el ectronic and optoelectronic applications. In particular in_appli %ions
where very,thin glass (< 0.3 m) is used, it is particularﬁ?cFﬁgﬂFﬁﬁ t to
i ncrease the strength of the glass, since this otherwise 'breaks too
easily. Furthernore, thermal hardening is possible only for glass-types
having a 1 2 Cctober 2004 2 thermal expansion coefficient of > 7 ppmiC. In
t he abovenenUoned applications especially glasses having-a thermal
expansion coefficient of <7 ppmiC are used on account. of the required
thermal geometric stability. The relati2aely mninml practical strength of
gl ass as .conpared to its theoretical -strength is caused in particular by
damage to and defects in the glass surface. it is accordingly suggested to
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qual ity adequate for glass substrates for use in- displays or for data
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the layer is under a tensile stress of the order of 100 to 1000 MPa.

According to a fourth aspect of the present invention, there is provided a toughened
glass body comprising a base body of glass and at least one first layer applied thereto,
characterised in that thé applied first layer is a polymer mixture of polyacrylate and
polyepoxy, such that the layer is under a tensile stress of the order of 100 to 1000 MPa.

According to a fifth aspect of the present invention, there is provided a toughened glass body
comprising a base body of glass of thickness less than 0.3mm and at least one first layer
applied thereto, characterised in that the applied first layer is a lacquer coating, such that the
“lacquer coating is a polyurethane laéquel: or a lacquer syste:ﬁ based oin acrylate or a

- lacquer system based on epoxy and where the layer is under a tensile stress of the’

order of 200 to 1000 MPa.



12 Cctober 2004 According to a first aspect of the present invention, there
is provided a toughened glass body conprising a base body of nd at,

| east* one first layer applied thereto, characterised in tha ?cﬁﬁ’ %q%

| ayer is a layer of silicon resin, such that the layer is under tensile
stress of the order of 100 to 1000 MPa. According to a second aspect of the
present invention, there is provided a toughened glass body conprising a
base body of glass and at | east one first |ayer applied thereto,
characterised in that the first |layeRbis a |ayer of a platinumcatal ysed,
addition-cross-linking silicon elastoner, such that the layer is under a
tensile stress of the order of 100 to 1000 MPa. According to athird
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first layer m xture of polyacrylate and polyepoxy, such that
the layer is under a tensile stress of the order of 100 to 1000 MPa.
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than 0.3mm and at |east one first l'ayer applied thereto, characterised in
that the applied first layer i's a | acquer coating, such that the  |acquer
coating'is a polyurethane |acquer or a |acquer system based on acrylate or
a -l acquer system based on epoxy and where the layer is under a tensile
stress of the order of 200 to 1000 MPa. 12 Cctober 2004 2b The invention
is therefore based on a gl ass body which'is conposed of a base body and a -
“layer applied thereto. At the sanme tine provision is nade for the applied

| ayer to be under a -defined conpressive stress or under a defined tensile
stress. The layer has either its own tension, which is already effective
when applied to the glass surface, or it obtains this tension fromfurther
processi ng.



When a | ayer, which is under conpressive stress, is applied the tensile
stress applied 3 12 Cctober 2004 externally nust first overg

conpressive stress before the glass bneaks. If the applied Egg er%@ﬁever
is under tensile stress, a conpressive stress is created in the superf|C|aI
region of the glass. Wen an external tensile stress is applied this t oo
must first be overcone before the glass, breaks. d| this
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there i's ovi a process manufacturing a glass body as defined
" above, characterised by a coating solution conprising vinyl siloxane, a
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a proceppliddio thebasetsddyrbyngntrifuginiges silidnodysiasyldbsalutin axlddy éfiekhar act eri sed
by a first epoxy layer which is applied to the base body by centrifuging
an epoxy resin and is hardened. According to a tenth aspect of the

i nvent i Mordiftente 4 Ssqveotn depedh @i droe Ssvenbon, mihvené aist providgdaa  process for

manufacturing a glass body as defined above, characterised by a first layer comprising a
silicon resin which is applied to the base body by centrifuging a sificon resin xylol solution and
dried, and a second layer which is applied to the dried first layer by centrifuging and is dried.

According to an eighth aspect of the invention, there is provided a process for manufacturing
a glass body as defined above, characterised by a coating solution comprising vinyl siloxane,
a cross-linker, a platinum catalyst and ethyl acetate which is applied to the base body by

centrifuging and the centrifuged layer is hardened in an IR ray field.

According to a nineth aspect of the invention, there is provided a process for manufacturing
a glass body as defined above, characterised by a first epoxy tayer which is applied to the

base body by centrifugmg an epoxy resin and is hardened.

According to a tenth aspect of the invention, there is provided a process for manufacturing a
glass body as defined above, characterised by a polymer mixture, comprising a polyacrylate
and a polyepoxy, which is centrifuged on the base body, producing the first layer which is
dried. ' _—



gl ass body as defined above, characterised by a polynmer m xture, conprising
a polyacrylate and a polyepoxy, which is centrifuged on thg Q@SE qﬁﬁ%’
producing the first layer which is dried. 12 Cctober 2004 RoeerdPhg to
an el eventh aspect of the invention, $4here is provided a process for

manuf acturing a gl ass body as defined above, characterised by a first |ayer
which is applied to the base body by centrifuging or spraying a
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produced using the process according to one enbodi nrent nmay be considered

as |ayer materials- Thernoplasts, duroplasts an | astoners can be used as
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pol yacigdsabesies Beldefivied #loes., pol yesters, polysilicons and the |ike or also

so-cal l'ed onbcers and materials containing nanoparticles can be applied to
the glass by the process according to the present invention, such that
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selectign of the appropriate polymer with respect to nol ecul ar wei ght,
degr ee W Q?ﬁﬁﬁrbé?fjk‘?éi%,deﬁ'b‘?ﬁfﬁ'q g cross-linkabl e functional groups and by

correspondi ng subsequent treatnment can be carried out thermally or

photochem cally (e.qg. har depi.ng) or. autocatal ytically.. The l.ayer.. stress
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pr oCes snarfifyttab g With Gidst bgdies ad@efirdrabgvawt h resi stance (ASIM 0 264) of the
polymer. In a preferred enbodinent the range of tear-growth resistance can

"be 10 Nmm and in a particularly preferred enbodinent this may be in the
range ofll rhateriaboviithmoan bapwesced esind theNprovessresaording-to abheembediegnt mey of
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st r engtdrganic pblyglersc Pelynead siehdisfaneaniphepainims alsodls, metyacylateshe
- po’lyafylates, polyesters, polysilicons and the like or also so-called ormocers and materials
containing nanoparticles can be applied to the glass by the process according to the present
invention, such that defined tensile or compressive stresses are adjusted. This may occur by the
selection of the appropriate polymer with res;’zect to molecular weight, degree of hydroly_(sis,
purity, cross-linkable functional groups and by corresponding subsequent freatment can be
cérried out thermally or photochemically {e.g. UV hardening) or autocatalytically. The layer
stress may hereby be produced by drying and cross-linking of the polymer. This process
may also influence the tear-growth resistance (ASIM 0 264) of the polymer. in a preferred
embodiment the range of tear-growth resistance can be 10 N/mm, and in a particularly
preferred embodiment this may be in the range of 11 — 15 N/mm. Values over 10 N/mm
mean so-called ‘shear-proof’ elastomers which have a clearly higher initial tearing resistance
and tear-growth resistance than standard products.

In-order to attain greater strength and high chemical endurance the glass substrate can be

coated a number of times. A first layer may be applied which may be under a defined
tensile or compressive stress. To render this mechanically prestressed layer more resistant

to chemicals, for instance, a second layer can be applied which may give this protection

Adjusting a specific layer tension can be thus made possible with thesputter process by



coated a nunmber of tines. Afirst |ayer may be applied which may be under a
defined tensile or conpressive stress. To render this nmechanic
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prot eqayer?natgp{aeir\l\}tma@maat pol)ymearfs tareuri sgetpere&1 anersethe layer thickness may preferably be of
the order of 0.05 - 0.5 ym and particularly preferably 0.1 - 03 ym. With the polymer layers
applied from the liquid phase the layer thickness can be of the order of 0.5 — 50 pym and in a
particularly preferred embodiment 1 - 10 ym.

In a particularly preferred embodiment the coating may be applied directly after hot moulding, thus
on the glass strip. This can result in an additional increase in the surface stability. This is
because the glass may be provided with a protective layer immediately after manufacture,

effectively preventing scratching or the appearance of corrosion on the surface of the glass.

~Due to the mechanical stress in the layer material special significance may be given to adhesion of
the layer material on the glass. If this adhesion between layer and glass is insufficient, the
layer may detach from the glass on account of the layer stress, or may develop cracks. For
adequate adhesion of the layer on the‘ glass it may be effective to improve the adhesion of the
layer by way of appropriately pretreating the gless- This can occur by means of
corresponding cleaning of the glass surface using aqueous or organic solutions. Other

known processes for improving the adhesive strength of glass coatings-can be corona



effectively preventing scratching or the appearance of corrosion on the
surface of the glass. Due to the nmechanical stress in the |
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glass. If this adhesion between | ayer and glass is insufficient, the |ayer
may detach fromthe glass on account of the |ayer stress, or nmay devel op
cracks. For adequate adhesion of the |layer on the glass it may be
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which may be within the range of intrinsic stability. If not only the

surface of a flat glass substrate, but also the edges of a glass substrate
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tensile st ess the surface and edge stabil may accor ncr eased
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edge proces hods. Accordin to the process In o odi ne
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gl ass whgdpiddbsdiemetndef the order of 0.03 - 0.2 mm can now be hardened
and can al so be used for those applicatiions in which otherw se only gl ass

" thicker than 0.3 mmis enployed. |If transparent and heat-resi stant
materials are used for hardening the glass according to the process, then
these gremdiaglydanhderasess insene ambodiniest, impedicler thiv ghies with adthigkhegsolsuch as
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' hardemng the glass according to the process, then these glasses can be utilised as
substrates for producing displays such as LCDs or PLEDs, for example. In this way stable

flexible displays can be manufactured using the process .

In a particularly advantageous embodiment these layers can fulfil other functions still in
addition to their stability-reinforcing effect, according to the process according to the present

invention. By way of example, they can also act as a diffusion barmrier to easily moved alkali
fons, or as reflecting layers for reflective displays.

If transparency of the glass substrate is not a requirement, then metallic layers can also be
-employed to produce layer siresses. Cr layers, and Ta layers in a-mddification, Which are =~
precipitated at low processing pressures (< 4 pbaf) and a high separation efficiency, are
particularly suitable.

Wlth sputtering of Cr or Ta a tensile stress may be established in the metallic layer, which
may essentially depend on the processing pressure during sputtering. The lower the processing

pressure, the higher the tensile stress on account of the higher kinetic energy-of the applied
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any further prelimnary treatment. A further application of the process

accor @ealnsfdt anot her enbodi ment may conprise the manufacture of printed
circuit boards, which may use a thin glass filmwth a thickness of 30 -
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L AT Sy LNl o fl TR 00 D ELDE Sy R e
and the electrical circuit carrier may be produced by structuring the copper and tipping with
additional electrical' components. The surface stability can be measured using a ring-on-ring
method (ROR) with reference to DIN 52292 or draft DIN 52300. The measuring lnstrument may
comprise. two concentric steel rings, a support ring (radius 20 mm) and a load ring (radlus 4
mm). A square sample (50 mm x 50 mm) can be placed between both load rings and the load on
the glass defined by the upper load ring may be increased. An anisotropic state of stress may
be created in the thin glass sample. The tests may be performed with a dynamic effect which
‘may increase in linear fashion over time, in such a way that a power-controlled stress rate of 2

MPa/s can be given. The stress may be increased until such time as the glass shatters.

Non-linear power voltage connections may be considered for calculating breaking strains. The
breaking sfrains can be given as an MPa unit and evaluated in accordance with DIN 55303-7.
The values calculated fram this estimation method may then be given as strength values of the

- tested glasses.

Various measuring methods may be available for determining layer stress in metallic or oxidic
thin and thick layers. This measurement may be made relatively simply by bending a thin glass

Strip‘ which can be coated using the process according to one embodiment. The

mechanical
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connections may be considered for cal cul ating breaking strains
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with DIN 55303-7. The values calculated fromthis estinmation nethod may

t hen be given as strigﬁth val ues of the tested glasses. Various neasuring
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bending a thin glass  strip oat ed usi t he._process according
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to one emboli nentacHé TaeBBRaRi k). OctibeedO8Barr. 3364 188Fer stress may be
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ac. Sci. Technol . ., Qct . - Dec, : - an . ckel,
1. Randazzd™ aat@qﬁﬁoggﬁyg?{lcq\ atjr‘ﬁﬂli Pf@cﬁ%f@u@‘%f%\"% ePPt& M G{St i on of
Mechani cal Strain in Thin Filns with Applications to Polysilicon", J_
Appl . Phy. 57 (5), March 1985, pp. 1671-1675. Enbodinents 1. Coating with
pol yvi nyl al cohol directly on the glass draw Al kali-free borosilicate glass
of gl aEmbloiiraertds 37 by Schott 700 pmthick was coated with polyvinyl
al cohol (Mowi ol by dariant; 10% dissolved in H201) during the gl ass
“drawi ng process (down-draw). The gl ass tenperature was ca. 80C when the
pol yvi nhytodtimgphith polyvinyl alcohol directly on the glass draw

Alkali-free borosilicate glass of glass type AF 37 by Schott 700 um thick was coated with
polyvinyl alcohol (Mowiol by Clariant; 10% dissolved in H;0,) during the giass drawing
process (down-draw). The glass temperature was ca. 80°C when the polyvinyl alcohol
(viscosity 1100 mPas) was sprayed on both sides (upper and underside) and dried at 180°C
in a furnace for ca. 15 seconds, during the on-line process. The tensile stress was 0.6 GPa,
the layer thickness 10 pm. The surface stabilrity of the same glass without any coating ;:vas
512 MPa, while the glass with the abovementioned coating had intrinsic strength, measured
with 2.350 MPa.

2. Coating of glass substrates with polyvinyl alcohol

- Alkali-free borosilicate glass (D 263 by Schott Displayglas GmbH) measuring 100 x 100 mm
-and 0.4 mm thick was coated with polyvinyl alcohol (Mowiol by Clariant, 16% in H;0) at room
temperature by c'entﬁfuga! process (2000 min™, viscosity 250 thas) and dried at 180°C for
10 min. The layer thickness was 20 um. With single-sided coating the surface stability was
706 MPa (with a tensile stress of 0.2 CPa) and with double-sided coating (dipping method)
924 MPa (tensile stress 0.26 GPa). The uncoated samples had a surface stability of 579
MPa.



(viscosity 1100 nPas) was sprayed on both sides (upper and underside) and
dried at 180C in a furnace for ca. 15 seconds, during the ogﬁ“ne @rgcess.
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stability of the sanme glass wi thout any coating was 512 MPa, while the
glass with the abovenenti oned coating had intrinsic strength, neasured

with 2.350 MPa. 2. Coating of glass substrates with pol yvinyl al cohol
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t hi ckref484WélBa. 40 pm the tear-growth resistance of the polyner is 12 N mm
The tensile strength was 0.14 GPa, while the surface stability was 722

MPa. The uncoated reference had a surface stability of 404 MPa. 4. Coating
with a silicon resin Alkali-free borosilicate glass (D 263 by Schott

Q spl gygl ascg‘ﬁ?ﬂa ?‘ﬂ%gi"é&p' 0.1 mm thick was coated single-sided wth

an al kyl phen Icon resin Silreso (40% solution in xylol) by Wacker by
centrifugal process (4000 m'te viscosity 60 nPas) and dried at 200C for
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mm The layer thickness of the samples was 8.7 um. The tensile strength was 0.21 GPa and
the surface stability 733 MPa, while the uncoated samples exhibited a surface stability of 426

MPa.

5. Coating with a SiC,O/H, plasma poly}mer

Borosilicate glass (D 263 by Schott Displayglas GmbH, glass thickness 0.4 mm, format 200 x
200 mm) was coated with hexamethlydisiloxane (HMDSO) as monomer using a low-pressure
plasma process. A parallel plate reactor was used for this, such that the lower electrode was
connected to a -high-frequency generator (1356 MHZ). The applied HF output on the
electrode was 300 Watt, while the bias voltage likewise 'applied to this electrode was -300 V.
After 30 minutes the layer thickness was 0.6 pm. A SiC,Oy layer was created which had a
compressive stress of 0.3 GPa. The surface stability of the coated samples was 1420 MPa,
- .while the uncoated samples had a surface stability of 579 MPa.

6. Coating with a SiC,N,H, plasma polymer

- Using high-frequency low-pressure plasma in a parallel plate reactor borosilicate glass (D
263 by Schott Displayglas GmbH, format 150 x 150 mm, 400 pm thick) was used to produce
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0.2 nbar. The conpressive stress of the plasnma polyner |ayer was 0.6 GPa.
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vas | b eRinda ERiB§APYcess (5000 1/mm) and dried at 200°C for 20 min in a circulating

air oven. The layer thickness is 45 pm. With the first coating the strength clearly increased,

and the chemical resistance in particular relative to ketones was improved by the second
coating.

8. Coating with an amorphous silicon nitride layer by means of plasma enhanced
chemical vapour deposition (PECVD) '

Substrate: AF45 0.7 mm x 400 X 400 mm by Schott Displayglas
Plant: PIfPE-CVC reactor horizontal configuration with plasma cage
~ Plasma excitation frequency: 13.56 MHz
" Plasma output: ' 40W
Temperature: T=300°C
Precursor gases: SiH,65scem, NHs, 280 scem
Carrier gases: : N, 800 sccm, H,178 sccm
" Processing pressure: 890 pbar ‘
- Layer thickness: ~450nm



coating. 8. Coating with an anorphous silicon nitride | ayer by neans of

pl asma enhanced chem cal vapour deposition (PECVD) Substrate: AF45 Q.7 mMm
X 400 x 400 nm by Schott Displayglas @ ant: PI/PE-CVC react 3¢ OngPe 28Rt al
configuration with plasna cage Plasna excitation frequency: 13.56 Miz

Pl asma out put : 40W Tenperature: T = 300C Precursor gases: Si H465sccm NH3, 280
sccm Carrier gases: N2 800 sccm H2 178 sccm Processing pressure: 890 pbar
Layer LaPERFRSSS: - 450nm 100d7ay345 st +3EBMPao = - 345 _.. - 380 MPa Surface
stability without coating: cro = 540 MPa Surface stability with coating:
aos = 950 MPa 12 Cctober 2004 9. Coating with a silicon oxide layer (Si Q)
by powtistaca§iabdisuwitbeytiegatimvD, ®IyE40 MPapor Deposition) Substrate: D263 0.4
x 400 AV .Di spl ayal Rhant: Vertical iniine sputter plant
W th %%??g%g@%ﬁ%ﬁﬁ@bn ca?‘%od%%a“ﬂlngHF‘ pl asma generation Source: 2 X

| i near wat er-cool ed nmagnetron cathode 488 nmw de with internediate cool
zope Fully oxidised quartz glass target Plasma excitation frequency: 13.56
MHz Pl asma out put: 2500 W Substrate tenperature: 250C Carr.i.er gases: Ar 40
sccm Kr 5 Geating withya sjlicon pxideilayerdBidd by rowdering (sp Ptteting,S?ViD, Phys.
pressure: 2. \thgdrBeposition) |

Substrate: . D263 0.4 x 400 x 400 mm® by Schott Displayglas

Plant: - Vertical infine sputter plant with water-cooled magnetron
cathode and HF plasma generation

Source: - 2 x linear water-cooled magnetron cathode 488 mm wide with
intermediate cool zone
Fully oxidised quartz glass target

Plasma excitation frequency: 13.56 MHz

Plasma output: 2500 W

Substrate temperature: 250°C

Carrier gases; Ar 40 scem, Kr 5 scem, O, x seem
Running speed: 0.1 m/min

Processing pressure: 2.9 pbar

Layer thickness: ~ 2850 nm

Layer stress: os=-180 ... - 260 MPa

Surface stability without coating: Go = 579 MPa
Surface stability with coating: Ogs = 722 MPa

10.  Coating of glass substrates with aluminium oxide (AlO,) by powdering
(sputtering, AVD Phys. Vapor Deposition) ' |

‘Substrate: . D 263 0.4 x 400 x 400 mm®
Plant: Vertical inline spufter plant with water-cooled magnetron
cathode and HF plasma generation

Source: 2x Iinearjwater—cooled magnetron cathode 488 mm wide



Layer thickness: 2850 nm| Layer stress:as = - 180 ... - 250 NPa Surface
stability without coating: ao = 579 MPa Surface stability % goatl ng:
aos = 722 MPa 10. Coating of glass su@strat es with alumniu %r?()ﬂffOX)
by powdering (sputtering, AVD Phys. Vapor Deposition) Substrate: Plant:
Source: D 263 0.4 x 400 x 400 nmB Vertical iniine sputter plant with
wat er - cool ed magnetron cathode and HF plasma generation 2 x |inear

wat er Fda@hedxq:imynetfrequemtm)ﬂém% mm wi de 11 Pl asma excitation frequency:

13.56 rrp out put : 2 %g@@ Carrier gases: Ar 50 sccm Kr 5 sccm 02
5 sccm str e terrperature Runni ng speed: 0.15 nmm n Processing
press@m@rsﬁassbar Layer t hAckhesms, 28Gercimayels semess: a$ = - 250... - 330

MPa S L) _vvithgﬁp‘, coating: ao w 579 MPa Surface stability with
coati %Jb%g*gte%ﬁ%%tﬁ%a . 1.C Application of C by sputtering in the

magnetRunmirfd spjegd12 COct ober0.280tmBubstrate: AF 45 0.7 with thi ckness of 400
mn gI %ﬁ%%s&rgﬁor%ﬂkg by Sc@gg{b D spl ayglas Plant: Vertical inline sputter

er-cool ed nagn fon S
Layer thickness: ~ 280nm :
Layer stress: Os=-250 ... - 330 MPa

Surface stability without coating: 0y =579 MPa
Surface stability with coating: Oos = 754 Mpa

i

11.  Application of Cr by sputtering in the magnetron field

Substrate: AF 45 0.7 with thickness of 400 mm glass strip width by Schott

Displayglas
Plant: Vertical infine sputter plant with water-cooled magnetron

cathode and DC plasma generation

Source: Linear magnetron cathode 488 mm wide
| Cr target _
Plasma excitation frequency: 13.56 MHz r
Plasma output: 4 kKW
- Carrier gases: Ar 40 sccm
-Processing pressure: 2.6 pbar, pressure increaée at plasma ignition to ~ 15 pbar
Layer thickness: - ~ 400 nm
Layer stress: Os=-350 ... - 400 MPa

Surface stability without coating:  Gq =515 MPa
Surface stability with coating: | Ogs = 1520 MPa

12. Coating of glass substrates with aluminium oxide {A1,0,) by vapour deposition

in e-Beam process

-~

 Substrate: _ D 263 0.4 x 50 x 50 mm ’ e



cat hode and DC pl asma generation Source: Linear magnetron cathode 488 mm
wde Cr target Plasma excitation frequency: 13.56 MHz Pl a%ggl?%ggrip%@?e4 kW

Ganmer gases: Ar 40 sccmf Processing pressure: 2.6 pbar, pre ase
at plasma ignition to - 15 pbar Layenizt hickness: - - 400 nm Layer stress:
as = - 350... - 400 MPa Surface stability w thout coating: ao w 515 MPa

Surface stability with coating: aos = 1520 MPa 12. Coating of gl ass
substr B85 wi t h al umi ni um oYa@eIn vaprusatianplgaiydily plargi suspension i n a- Beam

pr 0eSBoGUaSt at e D 263 0. Ualsodd Hodh ALK, ChlraDEL:AR04sd )l 2Nt Vacuum

vaporisation plant with planet suspension our ce: zers a-Beam on A1203,
sour ceRgpidualigas pIetsuman RedPdO®Iargas pressure: 10s nmbar Layer thickness: -
300 nM L@y MWicklds8SS: Crs =-2p mip> MPa (conpressive stress) Surface
stability without coating: ¢ yo = 404 MPa Surface stability with coating:
00s = 631 MPa 13. Coating of glass substrates with silicon resins

Bor osi | hplsfedd:ass cont ai nighg ﬁbmgiw@p@%%r%sg% &g‘eggtt Di spl aygl as GrbH,

format 100 x 100 mm) 0.1 mmthick was di ssolved wth a polysil oxane
Silres(r) containing nethyl groups-by -Wacker in xylol (55% solution) and

filtergdrfaddesthiilig witios0dditihg@n Ok, E 4bQQkyacker) in xylol is added for
faster cross-| |ﬂwmg of the polysiloxane solution and stirred with a

magnet PHfacgFtabi tigg asses ey 2E8bMPEI with the pol ymer sol ution using
a centrifugal process (1000 mn-) and dried at 230C for 60 mn in a
circulating air oven. The layer thickness of the

13. = Coating of glass substrates with silicon resins

Borosilicate glass confaining aikali (D 263 T by §chott Displayglas GmbH, format 100 x 100
mm) 0.1 mm thick was dissolved with a polysiloxane Silres® containing methyl groups by
Wacker in xylol (55% solution) and filtered. Nexi, a 5% solution of F 100 (Wacker) in xylol is
added for faster cross-linking of the hoiysi!oxéne solution and stirred with a magnetic
agitator. The glasses are coated with the polymer solution using a centrifugal process (1000
min™) and dried at 230°C for 60 min in a circulating air oven. The layer thickness of the
sample was 5.3 pym. The tensile strength was 0.19 GPa and the surface stability 814 MPa,
while the uncoated samples had a surface stability of 426 MPa.

Y
i

14. Coating of glass substrates with acrylate epoxy polymer mixture

Borosilicate glass containing alkali (D 263 by Schott 'Displayglas GmbH, format 100 x 100
‘mm} 0.1 mm thick was coated double-sided with a polymer mixture of polyacrylate and
polyepoxy by Clariant (centrifugal process 800 min’) and dried at 230°C for 30 min in a
circulating air oven. The layer thickness of the sample was 3.5 pm, the tensile strength 0.18
CPa and the surface stability 790 MPa, while the uncoated samples had a surface stability of
426 MPa.

15.  Coating with polyurethane resin

154 2 K System

Borosilicate glass containing alkali (v} 263 by Schott Diép_layglas GmbH, format 100 x 100
mm} 0.2 mm thick was coated with a polyurethane tacquer (Desmodur/Desimophen, Bayer)



sanple was 5.3 pm The tensile strength was 0.19 GPa and the surface
stability 814 MPa, while the uncoat e?3 sanpl es had a surfac tagi i t‘}/ of
426 MPa. 14. Coating of glass substrates with acryl ate epox(j §

m xture Borosilicate glass containing alkali (D 263 by Schott D spl aygl as
GrbH, format 100 x 100 nm) 0.1 mmthick was coated doubl e-sided with a
pol ymer m xture of polyacrylate and polyepoxy by Cariant (centrifugal

pr oces# 80PiMEeat)pragrbsdihe dvistosB8 OC the respo spstemi was adpisteduivitht iangompolaoven.

o angisbEN RS aCo00d fort 4 Byt {findes o 8 yrh JEo0IEHS TS Sl oS el
sur f ac basieagd fartt@ r@fn at, mCWHe tarsile Glrangth gvasi 4. 17 ﬁﬂwamdatﬂeﬁsmfacessfatimtﬁ5l 12
K S S Di

Grbts o WYl G fgaRsaf il o i e A S Dol i et hane

Iacquer (Desrmdur/Desrmphen Bayer) 13 12 Cctober 2004 in a spin-coat
processgg. 2Th‘i’K’ﬁ§&8§f ty of the resin systemwas adjusted with a non-pol ar
sol vent such that at 2000 rpm a |ayer thickness of 5 }pm.resulted- The
syst enBoRgiicatg ralasshegriiniad if"iﬂll (o263 hy &chatk Gisplapglast@mbH| éoratat 889 th40@s

0-17 8! nfed iSkERESa8 Aith 41k U @%Vgeeum (cReldifpy'a p?éyﬁ]%  pRERses had

a surface st abi | st em Bor os

Cont ai fhnigcabearas dlotetba YIS e solissionteyt pEa e latasiamsas 30piod wgay )
0.2 mmyf Qir%rﬁ@ér B réé'éuile KB, Utﬂﬁ%ﬁy@ﬁftzkﬁ&% ng Qag! A ccpéfln? Czl ayi ng

process. | acquer was luted w MBK to sol i cont ent
| acquef‘aﬂfiﬁﬁs abrnqreaeruwrﬁglre amthm i r@ubhvgeacttnaznﬂthehwdtty pFessamples hlaeire)

Wi th tf&sf@&%ngfmbﬁéfas&ﬁaa &%%hrda@stsei 'o@@?@“ﬁ mﬂﬁé%‘f‘é‘én&taféao ples
tenperature wth ur reacting w hum ty The sanples hdd a
tensi | Baiﬁlséﬁﬁ‘ierﬁtéf“% Oiﬂotﬁﬁ’aand a surface stability of 679 MPa, while the

uncoat ed sanples had.a surface stability of 404 MPa. 15.3 Coating with

aqueous_PU system Borosilicate gl ass containing alkali (D 263 by Schott
" Di spl aj®PBasCeiting withaaeous®Usysdem ) 0.2 nmthick was coated with the

aquUeoUBotoBHEAte rglééésécﬁiﬁlhb’xg ra%hla(wmd Bl eanbtt d?éblaﬁrgla%%ﬁlﬂf—lnﬁ)rﬁ{agggﬁsx 4dde

spray Ewssure was 3 bar thé nozzl e di aneter Accord g
requi r BYWB-¢ mmyhick vas eaatrd with the parrgysdacaver ststerm Rusireglensi 4Piesal) byuah

that tbsra}ifgprdc@ss. The spray pressure was 3 bar, the nozzle diameter 0.8 mm. According to
requirements layers thicknesses between 5 and 15 ym were obtained, such that the tensile
strength was 0.18 GPa and the surface stability was 752 MPa, while the uncoated samples
had a surface stability of 404 MPa.

16.  Coating with epoxy resin

.Borosilicate glass containing alkali (D 263 by Schott -Dispiayglas GmbH, format 100 x 100
mm) 0.2 mm thick was coated with 2 K epoxy Stycast 1269 A (Grace) in a spln—coat process
(1500 s™') and hardened for 3 h at 120°. The layer thickness was 7.2 pm, the tensile strength
0.18 GPa and the surface stability 748 MPa (surface stability of the uncoated reference 404
MPa).

17. Coating with silicon elastomer (platinum-catalysed addition-crdssdinked)

Borosilicate glass containing alkali (D 263 by Schott Displayglas GmbH, format 100 x 100
: l_nm) 0.2 mm thick was coated with an addition-cross-linking silicon in a spin-coat process

(1300 s™). The coating solution had the following ingredients: '

10.0 g vinyl siloxane : -

The .



strength was 0.18 GPa and the surface stability was 752 NPa while the
uncoat ed sanples had a surface stabijjty of 404 Mra. 1%@318{)n%mth
epoxy resin .Borosilicate glass containing alkali (D 263 by

Di spl aygl as GrbH, format 100 x 100 mm) 0.2 mmthick was coated with 2 K
epoxy Stycast 1269 A (Grace) in a spin-coat process (1500.s-1) and
hardened for 3 h at 120. The | ayer thickness was 7.2 pm the tensile
strengPt 9 go38lie®, and the surface stability 748 MPa (surface stability of
t he ungqyj sdudeheaense 404 MPa). 17. Coating with silicon elastoner

pl ati num cat al ysed "addi ti on-cross-1inked) Borosilicate glass containing
al kal i 209 ¢ty ¢t hot t Di spl aygl as GrbH, format 100-x 100 mm) 0.2 mm

t hi ck
or Lﬁes“i&%ﬁ%%%‘ﬂ “?h?"é'ﬁgf‘?i%'%‘@ﬂ?? I TR B T ot s S

10. 0 gthirkRgss <f Wokﬁ‘n‘@aslﬁbtﬂ'e @Ps'ﬁ)ﬁfﬁwtmoﬁhéﬁgé@ﬂlﬁa was 0gSpbBai num
cat al yahd thl. &.rgcersmbhm,,ams RIFR, ﬁhn@fhec&ﬁbauea%amstﬂa% acgw{ d&%tm&gﬂésned

under n IR ray field 1n" 5 sec and a layer thickness

obt ai n¥'d&- The tenS| | e strength of the coated sanples was 0.19 GPa and the
surface stabl lity 783 MPa, while the uncoated sanples had a surface
stability of 404 MPa. 18. Coating with UV hardening systens Al kali-free
borosilicate glass (D 263 by Schott Displayglas GrH, 100 x 100 nm

t hi cknegs @oat.@wmﬁuvqap@éhmggps@{ﬁwr deni ng | acquer-systens in a
spin-coat process (1300 s'). The lacquer systems were based on both

acryl ates and .epoxi es. These | acquer systems are hardened using a fusion

| anp (Aapfrey perddliicariglass (wwtay @‘cha@@.swa@gﬁs GHibIgMOweR 100irsiAfithiddhess rat e
né? n over the co& @Sl gg_ll es. The thjckness of -the acr yl at e CO?.'[ i ng

vas 7 B VER FORied W iRplacaue [ IYFIENSs b SPYYSPa6 BEP AR 1 30fh
sur f acthelzalidr dyytenis Wb Bized ahadth s@flaicentd dpRfiedOthd¥Baacquer systems are

hardened using a fusion lamp (lamp type H) ard an output of 180 W/cm?, which was guided

at a rate of 6 m/min over the coated samples. The thickness of the acrylate coating was 7.6

um (tensile stress 0.2 GPa, surface stability 658 MPa). The surface stability of the uncoated

. reference had 404 MPa. '



15" dainms (Anmended): 12 Cctober 2004 1. A toughened gl ass body conprising

1:1.a base body of glass and at | east one first |ayer appli there
characterised-in that 1.2 the first |akper is a |ayer of silﬁg5ﬁnﬁgé%ﬁ? such
that the-layer is under tensile stress of the order of 100 to 1000 MPa. 2.
A gl.ass body as clainmed in Caim1l, characterised in that the silicon resin
of :the first layer is an al kyl phenyl silicon resin or a nethyl. phenyl
silicon resin or mxtures thereof. 3. dass body as clained in any one of

Claims.1 to Zhiviselfmerstedled in that the base body conprises a second
| ayer applied to. the first layer and the second layer. is a silicon
polymer film 4. A glass body as clained in daim3, characterised in that

the silicon polyngr, filmco i se pol ydi met hyl siloxane_ 5. A toughened
gl ass body c_grrpr {Tgit%lbghaef‘idglaggé‘é&b%ﬁwrél"ggl ass and at |east one first |ayer
appl i ed thereto, a@has Bedyedrighfd and af Rabt ére?ﬁréﬁh%ériaiaﬁﬁthﬁ&%io 's a layer of a

pl ati num cat al ysed, addition-cross-linking silicon 'elastonmgr, such that
the |ayer ischaelerisediatatl e stress of the order of 100 f.0-1000 MPa. .6- A

t oughened gl ISy . base bqd f .glass and at | east one
first |ayer 2%;! P@gm{ﬁg%%,é'?g%a"?%@?@feé‘ﬁ‘dsﬁ“?{‘ Q{‘ﬁ%@e‘éﬁq’?fw%bm ied first
| ayer is an &§56ilg stressiafi tHeayder,of 90010 (00 MPEAe | ayer is under a -tensile

stress- of the order of 100 to 1000 MPa. 7. A toughened gl ass body
conprising 1 2 Cctober 2004 -16 7.1 ~ a base body of glass and at |east one

first Tayer appligdidsS8b& & claimed in Claim 1, characterised in that the silicon resin of
the first layer is an alkyt phenyl silicon resin or a methyl phenyl silicon resin or

mixtures thereof.

3. Glass body as claimed in any one 'bf'C!aims 1 to 2, characterised in that the
base body comprises a second fayer applied to.the first layer and the second layeris
_a silicon polymer film.
|
4. A g!ass body as claimed in Claim 3, characterised in that the silicon polymer

film comprise polydimethyl siloxane.

5. A toughened glasé body comprising
51 a base body of glass and at least one first layer applied thereto,
characterised in that

52 the ﬁrst layer isra fayer of a ﬁiatinﬁm—catalyséd, addition—cross-linking‘silic;on
elastomer, such that the layer is under a tensile stress of the order -of 100 to 1000
MPa.

6. A toqghened glass body.cdmprising

6.1 abase body-of glass and at least one first layer applied theréto, -
characterised in that |

.6.2 the épp!fed first layer is an epoxy resin layer, such that the layér is under a
tensile stress of the order of 100 to 1000 MPa.

7. A toughened glass body comprising - ol



characterised in that 7.2 the applied first layer is a polynmer m xture of
pol yacryl ate and pol yepoxy, such that the layer is under a tensile stress
of the order of 100 to 1000 MPa. 8. A toughened gl ass body, 'é&9PF:A°R

a base body of glass of thickness |ess than 0.3 mmand at | east one first
layer applied thereto, characterised in that 8.2 the applied first layer is
a |l acquer coating, such that the |acqd®r coating is a polyurethane |acquer
or a lacquer system based on acrylate or a lacquer system based on epoxy
and where th.lé Iaye %Ider a tensile stress of the order of 200 to 1000
MPa. 9. A gl.&ds 95%2 oiglass and ableaskpae fiesh lyacernlid daerete, t hat | acquer
system baseshapictagdod idligator - the lacquer system based on epoxy is a W
har deni ng Iacguer 'system 10.' A glass body as clainmed in any one of

Cairfis i tbﬂapakﬁCbﬁrstsleybnmalpblymdrlnmxtuhasf@dMyylaté aﬁﬂfpoﬁjéﬂdx)a%uéﬁ at
| fl at A cl d d 0
th?Zc?;rl sgﬁ&tun-' J%ﬂ%&fifqﬁltﬁw&’f&%ﬁ E‘H %%fé’z & WE@ QIJ?:’-’*E hgl (r)nr der of 10

to 1500 rim 12: A glass body as clained in any one of Cainms 1 to 11,
characterised in that the base body is flexible and the thickness of the
glass is of &he d}tpuphenedigasshadyoprrising. A process for manufacturing a

?L?fiwbﬁgypﬁicéh%'rb%?ggav gt éf%%rqﬂa%eﬁg%?mﬁsd%wngeﬁg%%@% e eain
S applledtoth tegdaliih @i ng a silicon resin xyl ol

| ut drded. 14. A for
manuf act uri A a 81%%89 ‘ﬁgﬁtiayeasga ki sdafing. s et e Bestiesartnados
char act er i sgglylethdie lE&idéPMB%d&h@ﬁﬂ%&E@ba%@@ﬁ acryfhiteloa fdchidr 42K

~conprising a Ssilicon resin is appliéed to the base body by ‘centr] uging a -

sili con res lbﬂsdg}ﬂrﬁlpoﬁ?hhﬁ wabie thdlagod i anliér SenbifyRiosCONBE bidRGFa Si | i con
resift is rne
200 to 1000 MPa.

9. A glass body as claimed in Claim 8, characterised in that lacquer system
based on acrylateé or the lacquer system based on epoxy is a UV-hardening lacquer
system. ‘ _

10. A glass body as claimed in any one of Claims 1 to 9, characterised in that the

base body is designed as flat glass or a bent flat glass.

11.  Adglass body as claimed in Claim 10, characterised in that the thickness of the
base bady is of the order of 10 to 1500 jim.

122 A gléss body as claimed in any one of Claims 1 to 11, characterised in that the
base bodylr is flexible and the thickness of the glass is of the order of 10 to 200 pm.

e

. 13. A process for manufacturing a glass bady as claimed in either one of Claims 1
- or 2, characterised by the following pracedural steps: |
13.1 .a first layer compnsmg a silicon resin is applied to the base body by
centrifuging a silicon resin xylol solution; '

13.2 the appli_ed first layer is dried.

14. A process for manufaciuring a giass body as claimed in Claim 3,



14.3 a second layer is applied to the dried first layer by centrifuging;
.14. 4 the second layer is dried. -ti %§. A process for mnufg@twi o3
glass body as clained in O aim5, characterised by the fol I'6fciger <00
procedural steps: 15.1 .a coating solution conprising vinyl siloxane, a
cross-linker, a platinumcatalyst and ethyl acetate is applied to the base
body by centrifuging; 15.2 the centrifuged |ayer is hardened in an IR ray
field 16. Alpradessdibyrthetoliovagtprotedgrad stgpass body as clained in daim6,

char act eris_e" y the follown rocedural. steps: 16,1 fi rst epoxy | ayer

o appl ed L et BRLEBRIEEBaRIOnIgrn G SV (RS BSP RO% B8 2 T he 111 st
| ayer is har&g,ﬁﬁdgm%Z siltoR F&HeRIolfsBlutgRNuUf act uring a gl ass body as cl ai ned
in Caim?7 characterised by the fol [owing procedural steps: 17.1 a

pol ymer m Xtif2, tb@ﬂmtl@ﬁhgorwrﬁmm@rhgqmmaﬁdn@ﬂ pol yepoxy, is centrifuged
?n t he base ptpgiy,agéc%%q tg}?’"éd{Sté?ggégﬁgs&g??gzbi?%t%mt | ayer is dried.

18. A process for manu ng a gd"n daim s,

charact eri setf.by théeeémidilewrl‘egdﬁydocedural steps: 18.1 a.first layer is
applied to the base body by centrifuging or spraying a polyurethane
| acquer or a | acquer system based on acrylate or epoxy; 18.2 the first

layer is hazﬁu - grocé%]fo?‘n%rn%%ﬁﬁ:g&%:Plefé%g%gd?%gﬁduﬂgdﬂ'x@!aﬁﬁg body as

clainmed in aracterise acquer systéens based on
acryl ate anob@pﬂgnmé)yhheﬂﬂuwd@ rugdedgralstepadi ation. . 1la 12 Oct ober 2004

20. Displ ays nuf actured wth Iass ho as cl ai n me 1 to 12-
20 Rard ) ISR et SPion Forb B v s es RN, P BT BN o 12

22. Electricgd &hﬂ%fat@%rarpbﬁé@tor{ﬁ@ma@étswm Mrdtugthgss bodies as cl ai med
in Cains 1 to 12. 23. “A-glass body in the form of hardened flat glass as
clainmed in ath?2 ortbe gentrifuged layer is hardened in an IR ray field.

16. A process for manufacturing a glass body as claimed in Claim 6,
characterised by the foltowihg procedural steps:

- 16.1 afirst epoxy layer is applied to the base body by centrifuging an epoxy resin;
16.2 the first layer is hardened.

17. A process for manufacturing a glass body as claimed in Claim 7,
characterised by the following procedural steps: -

17.1  a polymer mixture, comprising a polyacrylate and a polyepoxy, is centnfuged
on the base body, producing the first layer:

17.2  the first layer is dried. .

18. A process for manufacturing a glass body as claimed in Claim 8,

. characteﬁsed by the following procedural steps:
18.1 ~ afirstlayer is applied to the base body by ceﬁtn’fuging or spraying a
polyurethane.lacquer or a lacquer system based on acrylate or epoxy,
182 the first layeris hardene_d.

19. A process for manufactunng a glass body as claimed in Claim 18,
'charactensed in that the lacquer systems based on acrylate and epoxy are hardened

using UV radiation.



Claims 1 to 12, characterised in that coating on at |east one side fulfils
further functional characteristics. 4 A gl ass body in th

hardened flat glass as clainmed in Ca characteri sed ﬁﬁq F?Q?r%fo%
coating an at |eak-one side serves as bI oom ng coat. 2b. A glass body in
the formof hardened flat glass as clained in Caim23, characterised in

t hat the coati ng on at | east one side serves as reflecting or absorption

| ayer. gl a5 ' . s .clainmed in
Claim 23 ﬁ%r act é?lggéejﬁlalhafa{:ﬂ%crﬁ%e %%gé %gggﬁg'g{réﬁa&e'ggtﬁﬁﬁé Qi 'de serves as
diffusion barrier. 27. A glass body in the formof hardened flat glass as

clained in im .char act in that the coating on at |east one
o vas 2L Mty i aribactirad Bt chars badise aeciaray mRATHG! fian of
hardened f1l at. gI ass as clainmed in Caim 23, .characterised in that the

coating on at |east one side serves as polari ser., 29. A glass body in the
form of har déhed Elpetricyjciiegt casriers alam@adturediwith pla8 bodieh ais atdiraed seClainms t hat
t he coating PR A | east one side serves as informatipn st.orage. i

23. A glass body in the form of hardened flat glass as claimed in any one of
Claims 1 to 12, characterised in that coating on at least one side fulfils further
functional characteristics. -

24.  Aglass body in the forny of hardengd flat glass as claimed in Claim 23,

_characterised in that the coating on at iea%t'one side serves as blooming coat.

25. A glass body in the form of hardened flat glass as claimed in Claim 23,
characterised in that the coating on at least one side serves as reflecting or

absorption layer.

26. A glass body in the form of har&ened flat glass as claimed in Claim 23,

characterised in that the coating on at Jeast one side serves as diffusion barrier.

27. A, glass body in the form of hardened flat glass as claimed in Claim 23,

.characterised in that the coating on at least one side serves as photo-sensitive layer.

28.  Aglass body in the form of hardened flat glass as claimed in Claim 23,

characterised in that the coating on at least one side serves as polariser.

29. A glass body in the form of hardened flat glass as claimed in Claim 23

characterised in that thie coating on at least one side serves as information storage





