(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 May 2019 (09.05.2019)

(10) International Publication Number

WO 2019/085422 Al

WIPO I PCT

(51) International Patent Classification:
HO1L 33/48 (2010.01) GO2F 1/00 (2006.01)
GO6F 3/041 (2006.01) B32B 7/00 (2006.01)

(21) International Application Number:

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

PCT/CN2018/085283  (84) Designated States (unless otherwise indicated, for every
. - kind of regional protection available). ARIPO (BW, GH,
(22) International Filing Date: GM, IgE I(%R, LS,p MW. MZ, NA, RW. SD., SL. ST, SZ, TZ.
02 May 2018 (02.05.2018) UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(25) Filing Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
L. : EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(26) Publication Language: English MC, MK, MT, NL, NO, PL. PT, RO, RS, SE, SL SK, SM.
(30) Priority Data: TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
PCT/CN2017/000708 KM, ML, MR, NE, SN, TD, TG).
06 November 2017 (06.11.2017) CN
Published:

(71) Applicant: SCHOTT GLASS TECHNOLOGIES
(SUZHOU) CO. LTD. [CN/CN]; No. 79 Huoju Road,
Science & Technology Industrial Park, Suzhou New Dis-
trict, Suzhou, Jiangsu 215009 (CN).

(72) Inventors: HE, Feng; 45-304, 58 Jinshan Rd., Yangguang
Bldg. B, Suite 3D, Suzhou New District, Suzhou, Jiangsu
215009 (CN). DA, Ning; 13-202, No. 888 Jiangxing Xilu,
Wujiang District, Suzhou, Jiangsu 215200 (CN). ZIM-
MER, Jose, Rimlinger Strasse 12, 66679 Losheim am
See (DE). JOTZ, Matthias; Karlsbader Strasse 24, 55122

Mainz (DE).

Agent: SONDERHOFF & EINSEL (BELJING)
PATENT AGENCY OFFICE; Room 316, China World
Office No.1, Jianguomenwai Avenue 1, Chaoyang District,
Beijing 100004 (CN).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,

with international search report (Art. 21(3))

(54) Title: PROTECTIVE COVER, ITS USE AND METHOD OF MAKING A PROTECTIVE COVER

8§ \
3N

FIG2

0 2019/085422 A 1| K0 O 0 OO

(57) Abstract: The present invention relates to a protective cover comprising at least one transparent inorganic layer and at least one
transparent adhesion layer. The transparent inorganic layer may comprise glass or glass ceramic. In a preferred embodiment inorganic
layer consists of glass or glass ceramic. [n an embodiment, the protective cover further comprises a polymer layer disposed between
inorganic layer and adhesion layer.
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Protective cover, its use and method of making a protective cover

The present application relales fo a protective cover, a method of making the protective cover,
and methods of using the protective cover. The protective cover of this invention may be ar-
ranged on a display of an electronic device, or the protective cover may be an integral part of
the display, or the protective cover may iiself constitide the display of an electronic device. The
glectronic device may be a device having an LOD or OLED display. The electronic device may
be a smariphone, tablet PG, laptop computer, smart bracelet, or any other handheld and/or
partable slectronic device

A new geheration of electronic displays e.g. for mobile devices will be foldable or rollable. Sur-
faces of these displays will be made of thin polymers like Pl (polyimide) or ulirathin glasses. The
devices additionally nesd 1o be able to be foided or rolled e.g. more than 100,000 times in a
typical product lifstime without any damage. Scrafch and breakage resistance are eritical for the
device. Also impact resistance {e.g. pen drop, or other sharp impact) are critical and should not
lead io damage of the surface or the glectronic functionalities of the display or a touch sensor,

There is an increasing demand in the markeiplace for curved, bendable and foldable slectronic
devices such as smartphones and tablet PCs, or other slectronic devices with displays. Such
devices are described for example in US 2017/0284405 A1, which is incorporated hersin by
referance inits entirety. Many manufacturers use polymaric display cover materials, such as
polyimide, PET or other polyesters, polycarbonate, acrylic polymers or ather polymers, Polymer-
ic display cover materials have the advaniage of being inherently elastic, bendable or even
foldable whenussd af sufficiently low thicknasses. On the other hand, these materials arg less
resistant to scratches, fight irradiation, cleaning agents, ternpersture and overall wear and tear,

There are many inorganic materials that are resistant 1o scratches and irvadiation, and which
gasily withstand use of cleaning agents. However, most of these misterials are usable as covers
for curved surfaces, bul not for bendable or even foldable devices, Furthemmore, many of these
materials ars very brittle, Particularly, glass has been used as cover material for displays for
many yaars,

it Is expected that very soon mobile phone manufacturers will offer a fruly foldable mobile phone,
for example a phone with a display almost completely covering one side of the phone and being
foldakle and having a bending axis which may be oriented perpsudicularly {o the display's longi-
tudinal axis, dividing the display into essentially equal parts, In other words, such an electronic
device opans and closes like a book.
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Prior art disclosures such as WO 2017/123892 A1 rely on foldable cover assemblies that com-
prise foldable glass layers and polyrmeric layers as outer layers, Le. the surface facing away
front the slectronic devics is covered with a polymeric layer in order for the cover assembly to
withstand a pen drop. Qther disclosures like WD 20171136507 A1 rely on outer layers of glass
having indantations on the cuter surface of a cover glass.

It would be useful to have a protective cover that impars the display with the beneficial proper
ties of a resistant inorganic matenial, while maintaining the bendable or sven foldable character
istivs of the display device, and which does not significantly fropair any touch screen functions of
the device, such as capacitive fouch sensor componenis, resistive touch sensor components,
acoustic fouch sensor components, farce hased fouch sensor components, or light-based touch

sensor componants,

The present invention refates to a profective cover that overcomes the drawbacks of the prior
art by presenting an article that has an inorganic taterial layer as its outer surface. The protec-
tive cover of this invention comprises at least one transparent inorganic malerial layer, and al
least one transparent adhesion layer. The thickness of the protective cover may be less than
500 um, less than 280 um or lessthan 180 pm,

The inorganic matenial layer can be used o cover the display of & bendable and/or foldable
glectronic device, {o be anintegral part of the display of ‘8 bendable and/or foldable elecironic
devics, or {0 constitute the display of a bendable and/or foldable electronic device. The present
inventors have identified a number of measurss thal make the inorganic material strong enough
to withstand the sirains and stresses thal are imparted oo the protective cover during use of the
slsctronic device that it protects. To soive the lssues of the prior art mentioned above a bends-
ble glassy protection fiim (protective cover) which is removable can be applied to the surface of
the device, or be an integral part of the surface of the devics, or constitute the surface of the
device. The glass film is able to fulfill the folding requirements of the device and protects the
original stface from impact and scratches.

The protective cover of this invention can in one embodimeant be regarded as a glass fim glued
to the original polymer or glass surface of the devics with an adhesion layer in @ non-pafmanent
{removable) way. The adhesion layer may consist of ‘single or mulilayer adhesives {g.g. sili-
conas, PSA sic). Consequently, in an embodiment, the adhesion layer may form one of the
outer layers of the protactive cover.

The possible banding radivs of the protective covar may be smalier than 50 aun, smgllar than
20-vun, smaller than 15 nym, smaller-than 1 mm, o smatler than ¥ mm.
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The adhesion layer, andior an oplional further polymer layer, may also be used for splinter pro-
tection. Substantially no glass splinters should be released from the surface of the protective
cover-in-case-of breakage but should stick 1o the surface to aveld any harm fo the user of the
device, or any other person or material in its surroundings, such as any other parts of the device.
In an embodiment, in case of breakage or defective appearance of the surface the protective
cover can be ramoved and replaced by a new cover.

Polymer covers have the disadvaniage of high scralch and chemical sensitivity. Also the haptic
experience of polymers to consumers is inferior to glass surfaces.

The adhesion layer should support easy and bubble free application to the protective cover and
support easy removal in case exchange of the film 18 necessary.

The transparent inorganic material layer may comprise glass or glass ceramic. n a preferred
embodiment the inorganic material laver consists of glass or glass ceramic. In an embodiment,
the protective cover further comprises a polymer layer disposed betwssn inorganic matavial
laver and adhasion laysr.

in preferred embodiments, the inorganic material ayer is an ouler layer, i, the inorganic mats-
rigl layer is in contact with the surrounding atmosphere, such as air. The adhesion Jayer on the
other hand may be determined {o provide for proper adhesion of the protective cover to a dis-
play of an elactronic device, such as a polyimide display, or § may provide adhesion of the inor-
ganic material layer to any other layer of the protective cover, such as an additional ingrganic
material layer. Dimensions and type of the adhesion layer may be chosesn to provide for good
adhasive strength, but also the ability to be removed again from the protected display, e.9. by
paeling off the protective cover,

A polymer layer may be arranged batween inprganic material fayer and adhesion layer. The
polymer fayer may increase mechanical stability of the protective cover. It may also provide se-
curity to the user of the protective cover by securing particles of a broken inorganic material
laver by holding these particles togsther. The polymer layer may also protect the display, in
case of breakage of the inorganic reaterial by kssping the particles of the inorganic material
fired {o the polymer layst,

The protective cover may be infoldable and/or outfoldable, Le. the protective cover may be fold-
ed such that the inorganic Jayer s on the inside of the folded profective cover, or on the outside
af the folded profective cover,
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The inorganic material of the horganic material layer may be toughened or untoughened, chem-
ically foughened or not chemically toughened, or partially toughened.

The following are some filustrative and preferrsd embodiments of this invention, wherein the
sequance of characiers from lefl to right illustrates a sequence of layers in the protective cover
from top fo bottom, in the direction of the protected davice, "1 indicates the atleast nns g
ganic material layer, “A" indicates adhesion layer, "F" indicates polymer layer, and 12" indicates
g second inorganic material layer. The Hlustrative embuodiments A to G may comprise the indi
cated fayers, or they may consist of these layers.

Type 1* fayar 2‘“" fayer 3 layer 4" fayer
A i1 A

B & P &

C {1 F A 12

D 1 F i2

E i1 A 2

F 1 P ¥ A

G i A 2 A

H i1 A | P FA

In-an-embodimant, the first inorganic material layer, the sdhesion layer, the polymer laysr,
and/or any additional inorganic material, or ali of the layers of the protective cover are transpar-
sl The difference in refractive index 1y between any of the layer may be limited t0 0.3, or 0.1,
The different layers in the sbove-mentioned senuence of layers of the protective cover may be
adiacent each other, and/or in direct contact with sach other, {.e. without any additional layers in
between, Ivan embodimant, &t teast oneg, somea or all of the layers are cosxiensive, Le, have
the same width and tength so that each layer covers ifs adjacent layer(s) substantially complete-
ty. When used, the first inorganic material layer 11 is the auter layer, i.e. facing away from the
elactronic device andfor towards its user. In embodiments, muare than one adhesive layer may
be used, e.g. anadhesive layer may be used on each side of a polymer laysr to attach the pol-
ymer layer to a display andior o adjacent layers sueh as inorganic material tayers, The polvimer
layare may be polyethylens layers.
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Thickness {t or d): The thickness, such as the thicknsss of o laver, is the arithmetic average of
the thickness of the layer to be measursd.

Compressive Stress (08) The induced comprassion of the glass network after lon-exchange on
the surface laver of glass. Such compression is not redeased by deformation of glass and sus-
tained as stress. U8 decreases from a maximum value at the surface of the glass article (sur-
face G} towards the inside of the glass article. Commercially available test machines such as
FEMBO00 {company “Luceo Ca., Lid.", Japan/Tokyo} can be used to measure the CF by wave
guide mechanism or by SLP1G00 { company "ORIHARA”, Japan}, which measure the CS by
scatiered Hoht machanism.

Deapth of Layer (Dol ) The thicknass of an lon-exchanged fayer, i.e. a region where S exists.
Commercially available test machines such as FSMB0QQ {company "Luceo Co., Lid.", Ja-
paniTokyol can be used to measure the Dol. by wavs guide miechanism,

Cantral Tension (CT): When CS is induced on one side or both sides of a glass shest, to balk
ance the stress according 1o the 3 principle of Newton's law, a tension stress must be induced
in the canter region of glass, and it is called central tension. CT can be calculated from meas-~
ured C8 and Dol

Average roughness (R.h A measure of the texture of a surface. It is quantified by the vertical
deviations of a real swrface from its ideal form. Commonly amplitude parameters characterize
the surface based on the vertical deviations of the roughness profile from the mean fine. Byls
the arithmaetic average of the absolute values of these vertical deviations.

Breakage force: The breakage foree is the forca {givan iny N} that can be spplied by an object
until an article breaks {that means: cracks are generated). The breakage force is determined by
a steel rod sandpaper pressing test which is described in more detall below.

Breakage height: The breakage height is the height (given in mmj from which an object of a
defined weight can fall onto an article or fayer before the article or layer breaks {that means;
cracks are generated). The breakags height Is determined by sandpaper ball drop test which is
desoribed in more detall below.

Broskage bending radiue (BBR): The breakage bending radius {given inmm) is the minirum
radius {r} of the arc at the bending position where an ardicle, such as a layer, reaches the maxi-
miun deflection before kinking of damaging or breaking. | is measured at the Inside curvature &t
the bending position of an arlicle. A smatller radits means greater flexibility and deflection of the
article. The bending radius is a parametsr depending on tha thickness of the ardicle, the Young's
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modulus and the material strength. For example, ultrathin glass or glass ceramic may have very
smal thickness, low Young's modulus and high strength. All the three faclors contributes to low
bending radius and beller flexibility. The test for detemmining the BER is describad in more detail
below. Transparent a substance, composition, arlicls or layer is considered transparent, i the
internal transmittance for electromagnstic radiation is more than 258%, more tharn 50%, mors
than 70%, mare than 80%, more than 80%, more than 85% or more than 99% at a thickness of
2 mm af wavelengths of 400 nm andfor 700 nm, orin a wavelength range of 80 rim within a
spactrum of fram-380 1o 800 nim.

in an embodiment the invaention comprises a proteciive cover, wherein the difference in refrac-
tive index nd of inorganic material layer and adhesion layer andfor polymsr faver andior addi-
fional inorganic material layer Is less than 0.3, preferably less than 0.2 or less than 8.1, Limiting
the differences hetwaan the indexes of refraction aliows for decreased reflection nsses inthe
protective cover when ussd on a display so that reduced powsr consumption is achisved, lead-
ing to longer battery Hife in mobile devices.

It an embodiment the cosfficient of thermal expansion {20 to 300°C) of the inorganic matenal
layer is from 1 {o 20 pom/K, in particular less than 18 pomikK, less than 16 ppmK or less than
14 pprK. i ar embodiment the cosffiicient of thermal sxpansion {20 1o 300°C) of the polymer
layeris atteast 1 pprwK, preferably from4 o 30 ppnyK. Preferably, the differences in CTE be-
tween adfacent layers, such as belween inorganic material layer and polymer laver, andior be-
tween inorganic material layer and adhesion layer, andfor between adhesion layer and addi-
tiona! inorganic niaterial laver. andior between palymer layer and addificnal inorganic material
layer, are low, particuiarly less than 40 pprfK, less than 30 ppmiK, less than 28 ppmidl or even
less than 20 pom!K, Simllar CTEs prevent the layers front delamination and increass product
fifatime,

The protective cover of this invention may exhibit a welght loss afler Draakage of less than 10%,
or less than 5% or less than 2% or less than 1% of the inorganic material, The weight loss,
which is defined by comparing the weight difference of broken and unbrolken protective covers,
can be measured through a precision balance with accuracy of 0.01 g. The particle sizes after
bragkage-are in the sive range of from 0.01 o 10 mm, preferably lessthan §omm, less than3
mm, less than 2 mm, less than 1 mm or less than 8.8 mm. The padicle sizes may be measurad
using rnicroscopy. The diameter may be the Marlin diamster.

Tha protective cover of this invention is preferably bendable andfor foldable. ttmay have a
bending axis which may be arrangsd perpendicutarly o the jongitudinal axis of the inorganic

material layer and/or the protective cover. The bending axis may be substantially perpendicular



WO 2019/085422 PCT/CN2018/085283

1o the longitudinal axis, or substantially paraliel to the fongitudinal axis, depending on how the
protective cover is supposed fo be hent or folded. The bending axis extends at the surface of
the inorganic material layer, where the lensile stress peaks during bending. The protective cov-
er of this nvention is preferably bendable and/or foldable and has a bending axis which may be
arranged perpendicularly to the longitudinal axis of the inorganic matertal layer, whersin the
protective cover withstands at least 100,000 bending and/for folding events without breakags.
The protective cover-of this invention is preferably bendable and/or foldable and has a bending
axis which may be arranged perpendicularly to the longitudinal axis of the inorganic malerial
layer, whersin the protective cover withstands at least 200,000 bending andfor foiding events
without breakags. A bending andior folding event may be effected by bending andfor folding a
protactive cover from an unbent state tog bent siate and back 10 an unbent stale having a
bending radius of 80 mun or less, or 20 mm or less, or 10 mm o less, or 5 mm or less, or @ mm
or jess, The bending radius may be at least 1 mn.

in a preferred embodiment the cover is arranged on the display of an electronic devigs, or forms
an integral part of such & display. or constitutes the display. Arranging the cover on a display
may be achieved by simply putting the cover on the display and smoothening down the cover
with the fingers.

The invention also relates to a method of using a protective cover for protecting a display, such
as an industrial or consumer display, in particular a smartphone display, i particulara polymer-
ic smariphone display, in paricular 8 polyimide display, In parficidar g foldable display, in partic-
ular an OLED display, comprising the step of applving the protective cover to the display.

I prefarred embodiments, the adhesion layer, the polymer layer, andfor any further tavers of
the protective covermay compensate for the restoring force of the inorganic material layer upon
haing bent or folded. In preferved embodiments, the adhesion layer is not subjected fo tensile

slrass.

Inorganic materal laver

The following features dascribed with regard to the inorganic material layer may characterize
said at least one inorganic material layer and/or any addifional inorganic material layer of the
protective cover,

The inorganic material layer can be a glass laver, a glass ceramic layer, ceramic layer or crystal
fayer. In preferred embodiments, the inorganic material layer is & glass layer or a glass ceramic
fayer. The inorganic material laver can by additionally coated for s.g. antireflection, anti-saralch,
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antidfingerprint, ant-microblal, anti-glare and combinations of these funclions; such coatings
may be arranged on the side facing away from the display o be protecied, l.e. facing away from
an adhesion layer. The proleciive cover may comprise more than ong inorganic matenat laver,
The inorganic material fayer may have surface nitridation to increase its surfacs resistance.

The thickness of the tnorganic material layer may be loss than 700 um, less than 500 pm, less
than 300 ym, fess than 200 ym, less than 200 pm, less than 150 um, less than 100 pm, Jess
than 75 wm, tess than:70 um, less than 80 um, less than 30 poy, or less than 16 ynt. The thicker
the glass is, the higher is the mechanical stability. The thinner the glass is, the higher is its abil-
ity to bend snd fold.

The inorganic material layer may have a Vickers hardness HVg e of from 400 to 800 MPa. &
toughened inorganic layer may have & Vickers hardnigss HVp e of from 450 to 1000 MPa. An
untoughened inorganic layer may have a Knoop hardness HKg e of from 350 {o 780 MPa. A
loughenad inorganic fayer may have a Knoop hardness HKqyee of from 400 to 800 MPa,

I cerlain embodiments, the inprganic matedal layer, which may be a glass or gléss ceramic
faver, may have a thickness of less than 0.2 mm, less than 00175 o, less than G145 nym,
mas than 0.1 mim, less than 8.1 mim, lessthar 0.07 mm, or sven fess than §.05 mm.

Pen drop height

in certain embodiments, the inorganic material fayer has a scralch rasisfance latger than 6H
andior a pen drop height larger than 30 mm, in particular for thicknesses of at least 0.07 mm.
The weight of the pen is around § g and the Hip of the pen is made of fungsten carbide with 8
radius of 150 pm. In certain embodiments, the inorganic material layer exhibits g pen drop
height in the unbent state of at feast 50 mm, atleast 80 mm, at least 70 mmy, at least 80 mm, at
least 80 mum, or &t feast 108 mny, or at least 120 mm. or al least 150 mm. The pen drop height
of the inorganic material, particularly of the inorganic matenial in the protective cover, is pre-
ferred o be larger than 40 mim when the inorganic matenal is unbant,

The pen drop height of the Inorganic material, particutarly of the inorganic material in the protec-
tive cover, may be al least 26 mm when the bending radius of the inorganic material is larger
thann & mm, and i particular when the ‘bending radius of the inorganic material is up to 10 mm
or up o 8§ nems The pen drop beight is preferred-to be at'least 18 num when the bending radius
-of the inorganic material is larger than 4 mm and iy particular when the bending radius of the
inprganic matedalds up 1o § mor or 4p 1o 8 mm. The pen drop height is preferred o be larger
than 10 mm when the bending radius of the norganic material is larger than 2 mm and v par-

toutar when the bending radius of the Inorganic material is up 10 6 mm or up fo 4 mm,
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it is desirable that the protective cover has a ratio of the pen drop height in the bent state; when
the bending radius of the inorganic material is larger than 4 mm, and in particular when the
bending radius of the inorganic material is up to 8 mm of up o 8 mny; to the pen drop height in
the unbent state of not less than 30%, not less than 25%, or not jess than 20%. The measure-
ment of the pen drop test is Husirated in Figures 5 and 6.

fn preferred embodiments, the protective cover is foldable at least 100,000 times, in particular at
teast 200,000 times without breakage. This may apply to a bending radius of 20 mm or less.
Further, it may apply to infoldable and/or outfoldable displays andfor protective covers.

The inorganic material may be glass which contains alkall metal oxides so that it can be chemi-
cally toughened. For inorganic material of toughened glass the ©8 {compressive stress) may be-
i the range of 200 to 2000 MPa and/or the Dol. {depth of fayar) may be in the range of 2um <
Dol< half of thickness of inorganic material fayer.

Bending strength

The bending strength can be measured using the 2PB methad and the average bending
strength of the incrganic materdal layer andior the protective cover may be larger than 850 MPa,
preferably more than 800 MPa, even more preferably more than 980 MPa, sven more prefera-
bly more than 1000 MPa. The foldability is measured by the bending radius, which may be less
than 20 mm, less than 10 mm, less than 7 mm, less than 8 mm, or even less than 4 mm. In an
ambodimant, the bending radius may be at least 1 mm, or atleast 2 mm, or &t least 3 mm.

The hardness of the inorganic material may be as follows: HV.0:>400 MPa, andlor
HKg 120380 MPa, After toughening the values may be HVo:2:5450 MPa, andfor HKg 202400
MPa. After toughening with surface nitridation the values may be HV0:>500 MFa, andior
Mo 1450 MPa,

The Young's modidus may be larger than 50 GPa, larger than 58 GPa, or larger than 60 GPa.
The Young's moduius may be less than 110 GPa, lsss than 105 GPa, or less than 100 GPa.

in preferred embodiments, the optical transmiftance of the Inarganic matedal is larger than 88%
@400nm andfor larger than 88% @700nm.

Alkali leaching factor

The inorganic material of the present invention may have an alkall leaching factor of at most 20
pmolidm®, at most 10 umolidm?, at most 5 umoelidm?, or even at most 3 umolfdm® For determin-
ing the alkali feaching factor, a material sample is first washed in defonized water for 8 minttes
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at 80°C and subsequently rinsed with delonized water at room temperature. Then, the sample is
incubated in 50 mi deionized water at 80°C for 24 hours. Afterwards, the amount of alkali metal
ions in the water is determined via inductively coupled plasma optical emission spectromeatry
{ICP-OES). The alkali ldaching factor is defined as the ratio of the amount of alkali metal fons In
the water (in umol) per surface area of the material sample (in dm®).

Acid leaching factor

It is also advantageous if the horganic materis! has a high acid resistance. Therefors, befors,
after andfor without chemical toughening the acid leaching factor of the material may be at mest
20 umoldm?, at most 10 pmolidn®, at most 5 pmolidm®, or even al most 3 umolidm?.

For determining the acid leaching factor, 8 material sample is first washed in dejonized watst for
8 minutes at 80°C and subssguently rinsed with delonized walter al raom temperature, Then,
the sampls is incubated I 100 mi of nitric acid with 2 concentration of 0.01 miold at 100°C for 1
hour, AHerwards, the amount of alkali metal ions in the acld selution is delermined via inductive-
Iy coupled plasmsa optical emission spectrometry (CP-OES). The acid lsaching factor is defined
as the ratio of the amount of alkali metal jons inthe acid solution (in pmol} per surfece aveg of
the material sample (in dm?).

The inorganic material layer may be a chemically toughened glass laysr having @ thickness {1}
of jass than 0.4 nwn, & first surface and 8 second surface and a comprassive strass ragion ax-
{ending from the first surface {o a first depth In the glass layer {Dol), the region js defined by a
compressive stress (CS) wherein a surface C8 &t the first surface is &t feast 100 MPa. The first

surface and the second surface are locatsd on opposite sides of ths glass laysr.
Broakags height

The norganic material layer may have & breakage height (given inmm;} of 8t least the figure of
the thickness {{ in mm) of the layer mulliplied by 58, or 80, or 70, or 80. The breakags heightis
determined in a sandpager ball drop test In this test, the layer is placed with 8 second swiface
on a stesl plate and a first surface of the layer is loaded until breakage by a 4.8 g acrviic ball
dropped from above wherein a sandpaper of type P180 is placed on the first surface of the layer
wherain the abrasive side of the sandpaper is in contact with the first surface. The drophing
height is increasat] untit the layer breaks. The last height at which the layer did not break is con-
sidered the braakage height.

The layer may have a breakags height {given in N} of 2 80" in the above mantioned sandpaper
ball drop iest {t being the figure of the respective thickness of the fayer In the unit "mm™).

10
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Surprisingly it was found by the inventors that the breakags height criterion for a layer can be
described by the mentioned factor 50 and the thickness of the layer. The facior will be valid if
the breakage height of the layer is determined in the sandpaper ball drop test. In this dynamic
fest, the layer is placed with a second surface on a steel plate and a first surface of the layer
(which in the case of a glass layer may or may not be chemically toughened) is orientated up-
wards. An gorylic ball having a weight of 4.8 g is dropped from above onto the layer. Step by
step the drop height of the ball is increasad until the layer breaks wherein there is one drop per
gach step and the dislance belween gach step is chosen reasonably, such as 2 mm or 5 mint.
The test is performed on small samples (11 mra x 11 mm) at room temperature of about 20°C
and relative humidity of about 50% using sandpaper F180 according (o 180 8344 (eyg # 180
Buahier sandpaper manufactursd by the company "Bushier™). if a layer of larger size isto be
tested, small samples will be cat out using & diamond cutiing wheel. No further edge freatment
is performed on the small samples. The breakage height (also calied “sandpaper ball drop
height”) is the maximum height that can be applied before the layer reaks. Breaking means
that the layer gets a visible surface crack {crack is generated) or bregks into two or several
piaces. The breskage is determingd with the naked aye.

This test ls adjusted {o and s especially suifable for layers and reproduces in a quits simpls
manner the above mentionsd problem, that is the impact contact betwesn the laver and a sharp
hard object when the laver falls down oris hit.

Breakage bending radius

Further the inorganic material layer andior the protective cover may have a breakage bending
radius {given in mm) of less than the thickness { in.mm) of the layer multiplied by 100,000,
wherein the result is divided by the figure of the surface compressive stress {in MPa) measured

atthe surface of the inorganic matsrial lavet.

Inorganic maledal layers of this invention may have an optimized strass profile. It has the bab
ancs between small bending radius and high sharp contact resistance such as impact ra-
sistance. Surprisingly it was found that the layer will be raasonable strong enotgh fo accommo-
date the applications of protective covers espenially in daily use, particularly i the following
conditions are fulfiled:

in the case of an inorganic material layer made of glass its breakage bending radius {given in
nim) may be < 100,000*0VCS, wherein { is the thickness of the glass layer {given in the unil “mm’}
and C8 is the figure of the measured surface compressive strass {givan i the unit “MPa"). That
means in the latter calculation, the product is divided by a figure which corresponds o the re-
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spective measured surface compressive strength {given in MPa} at the first swrface of the glass

layer.

By means of these criferia # can be decided whether a layer is sultably strong and flexible
enough o be used for the respective application befure § becomes part of a prolactive cover. it
was surprisingly found that the breakage height is strongly related to layer thickness, Therefore,
thinner layers are sspecially sensitive to breakage caused by impacts with hard and sharp ob-

jects.

in advantageous smbodiments of the invention the breakage bending radius {in mm) of & chem-
ically toughenad glass layer {i.2. inorganic material layer) is less than the thickness {1 in mm} of
the glass layer multiplied by 100,000 or 80,000 wherein the result is divided by the figurs of the
strface comprassive stress {in MPa) measured at the first surlace {< 180 QOO S). Praferably
the breakage bending radius {in nim) can be less than the thickness {t in mr) of the norganic
matarial layer multiplied by 70,000 whersin the result is divided by the figure of the surface
comprassive stress (in MPa) measured at the surface (< 70,000/C8). In some variants the
breakage bending radius {in mim) can be less than the thickness {t in mm) of the inorganic ma-
terial layer multiplied by 60,000 whereln the resultls divided by the figure of the surface com-
pressive stress {in MPa) measured at the first surface (< 1"60,000/C8). Surprisingly it was found
by the invantors that the breakage bending radius criterion fora glass layer as the inerganic
malerial layer can be described by the inventive factor 100,000, the thickness:and measured
surface C8 of the glass fayer. The inventive factor will be valid if the breakege bending radius of
the inorganic material layer i3 detarmined in a 2 point bending test as descoribed now. The
breakags bending radiug s determined by using 8 UTM {universal testing machine) on small
saroplas (20 mnx 70 mm) 2t roon temperature of about 20°C and relative humidity of about
50%. if a giass layer of larger size is 1 be lested, small samplas will be cut out using a diamond
cutting wheel, No further edge treatment is performed on the small samples. The inorganic ma-
terial layer is brought into & bent position and s cpposite ends are positioned between two par-
allel plales {stesl plates). Then the distance between the plates is lowered continuously 80 that
he bending radius of the inorganic material layer decreasss untll breakage wheredn the loading
speed is 80 mmimin. The distance between the plates Is recorded when the inorganic matenal
layer is kinking or damaging or brasking infotwo or several plece which i delerminsd by the
signal of the UTM software, From that distance the corresponding bending radius of the inor-
ganic materiatdayer st the time of breskage iz caloulated. —~ H glasslayers with frealed edges
are'tested {wherein the glass layers may be for example edge trealed by GNC grinding, siched
by acid (o.g. HOL HNO,, H80,, NHME,, or midures theraof) and then oplionally toughsened),
the bending radius will even be smaller compared to coresponding inorganic material tayer
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without treated edges because edge treaiment increases the strength and thus decraases the
bending radius.

This 2 point bending test is adjusted to and is especially sultable for inorganic material Jayers
such-as glass layers and reproduces in a quite simgle manner the sbove mentioned problem,
that is the bending of a glass layer upon loading it. In this context of the invention & was found
out that the 2 point bending method is more meaningfut than ather known bending strength
testy such as 3 and 4 point bending tests.

As mentioned ahave an inorganic material layst can have quite differenit sizes. Therslors, in the
course of determining the bregkags height and breakage bending radius the follawing has to be
faken into account:

in the case of larger layers (e.g. 8 glass roll or a large glass sheet). a pluralty of samples are
measured regarding breakage height using the sandpaper ball drop test. For this a random
sample N values is taken. N should be high enough to obtain a statistically ensured averags
value. Preferably atleast 20, more preferably at least 30 samples are {ested. The number of
samples depends on the respective size of the layerto be tested. The measurad values are
statistically evaluated using Wsibull method, B10 value of Weibull distribution {that is the calou-
tated haeight (in mm} wherein 10% of the samples are broken) is determined and taken to repre-
sent the claimed breakage Height,

However, in the case of small layers, such as layers having less than 25 ant’, {&.g. an individual
small cover glass) a single measured valus of breakage height is sufficient and is taken to rep-
resent.claimed breakage height.

In the case of a number of measured values between 2 and 18, the average of measurad
breaking height is taken to reprasent the claimed breakags height.

For the veakage bending radius an average valkie can be calculated. For this a random sample
of N values is takean. The number of samples depends an the respective sive of the layer to be
svaluated. Preferably N should be high enough to obtain a sisltistically ensured average valus,
Praferably at least 20, more preferabily al feast 30 samples aretesiad. Thus, @ random sample
of W values is taken for the breakags bending radi R.... Ry, and, for the values of these random
samples, the average value

b=

® =

Ry

X
N

—t
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and the varignece

are calculated.

The gverage breakage bending radius staken to represent claimed breakage bending radius.
However, in the case of small layers, such as layers having less than 28 e, {(&.g. an individual
small cover glass) a single measured valus of breakags bending radius is sufficient and is taken
o represent claimed breskage bending radius,

Average value and variance of the bregkage height are calculated accordingly.
Survival parameter

it was one object of this invention {o provide & protective cover that has improved rasistance to
bending and folding. In other words, {he inorganic material laysr and the whole protective cover
should have a high likelihood of withstanding bending and folding. Migh fikelhood of withstand-
ing bending and folding should be maintained even in the case of scratches or impact forces
imparied on the cover and espegially on the inorganic material layer.

In-an embodiment, the present invenstion comprisas a protective cover that has an inarganie
material layer comprising or consisting of & transparent material that may have a cerlain bnittle-
ness, The inorganic material layer has a fracture toughness K¢, 3 compressive stress C5, 8
characteristic depth of penetration x.and a thickness d, whereln the laysr compliss with the fol-
lowing equatiort

g,
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whereittm =1 meler,
wharein x. >0 um, and
whersin UP {survival parameter) is more than 250 MPa.

Iry & preforred embodiment, the invention provides a set of protective covers, ot at least one
protective cover somprising asetofinorganic material layers, wherein the number n of layers in
the cover or covers s atieast 2, 3, 4, 5,10, 20, 80 or even at least 100

In aceordance with this description a material is considered brittle, if it has a britleness S of

more than 0.1 pm™®, preferably more than 0.2 pm™, more than 0.5 pnr ™, more than 0.8 um ™,
more than 1 gov™, move than 1.5 pov™ more than 2 um™, Praferably, the britlleness Sis upto
20 ™ up o 18 un ™ up o 15 um ™, up o 12 pe ™ wp R W M P w o S um™?
8 pum™?, Preferably, the britleness S is in @ range of from 0.1 pm ™ to 20 po ™™, preferably from

(.2 p " 10 18 ™, preferably from 0.5 ym ™ o 15 wn™, in perticular from 0.8 pm P o 12

448

corup to

e ™ or from 1 g to 10w ™, preferably from 1.5 um ™ o @ pm =, more preferrsd from 2
Ut ¥ 40 8 ™2, The brittleness S is calculated as the ratio of Vickers hardness H and fracture
toughnsas K according to the following squation,

S= Hch

This ratio is used as @ measure for the brittleness in Lawn, B R Marshali D, 8, «Mardness,
Toughness, and Brittfeness. An indentation Analysiss, Journal off he Amerivan Ceramic Sucisty
{1878). The skillad person knows how this britleness is determined sxperimentally. Preferably,
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the brittleness is determined according 1o the explanations given in Sehgal J, o, &, «Brittle-
nass of glassy, Journal of Non-Crystafling Sofids {1888},

The transparent and optionally also brittle inorganic matenial is preferably selected from the
group consisting of glass, glass-ceramic, ceramic and crystals. Preferred crystals are selected
from the group consisting of sapphirg, diamond, chromium, ruby, lopaz, quartz-and orthoclase.
Sapphire is the preferrad vrysial Preferably, the tansparerd and optionally also brittle matedal
is glass or gliass ceramie, in parficular glass. Particulany, the material may be borosiiicate glass,
or aluminosiicate glass. Proferably, the proportion of LEO+Ng.O in the material is mote than

1 % by weight, more prefarabdy more than 3 % by weight, more prefarably more than 5% by
waight, In particuiarly preferred smbodirnants, the material conlaing Na,O but is free of Li,O,
RbsC and Cs.0.

When bending a beittle material without furthsy measurss, lensile stiess js oheerved on the.con-
vex sirface of the malerizl, which lnads {o braakage whern sxceeding athreshold. 1t was found
that bendable or sven foldable articles, such as inorganic material layers of the protective cover
of this invention. can be made when choosing the parameters fracture toughness K, compres-
sive stress C8, characteristic depth of penatration x and thickness d such that according o the
equation giver above, the sunvival parametar UP is mors than 250 MPa. The suivival paramster
has the dimension of a lensile stress and is given in MPa. It was surprisingly found that an arti-
cle such as an inorganic msterial layer of transparent or aven birittle material is: particularly
bendahle, if the mentioned parameters are chosen such that the survival parameter is more
than 250 MPa, praferably af least 300 MPa, st luast 350 MPa, at least 400 MPa, at least 450
MPa, at leget 500 MPa, at lsast 600 MPa, at least 700 MPa or even gl lsast 800 MPa. Prefera-
bly, the survival parameter is up fo 1,000,000 MPa, up to 100,000 MPa, up to 20,000 MPa, up
fo 1,000 MPa, up to 7500 MPa, upie 5000 MPa, up 104000 MPa, up to 3000 MPa, or sven up
1o 2000 MPa, Preferably, the survival parameter is within a rangs of from 250 MPa {o 1,000,000
MPa, 300 MPa to 100,000 MPa, 350 MPa to 20,000 MPa, 400 MPa to 10,000 MPa, 458 MPa to
7800 MPa, 500 MPa to 5000 MPa, 800 MPa to 4000 MPa, 700 MPa to 3000 MPa, 800 MFa to
2000 MPa,

The fractore toughness K is preferably the fracture toughness under fensile stress {mode 1.
The fracture toughness is given in MPaNm and is preferably measured according to the
Precracked Beam Method givern iV ASTM C1427-15 (p. 8 et seun). The fracture toughness K¢
s praferably determined with one ormoore reference arlicies. The reference articles used for
detarmining the fraclurs toughness K, are praferably not toughened, in particular not chenically
toughened. Preferably, the fracture foughnsss & more than 0.4 MPa™m. Preferably, the frac-
ture toughness is at least 0.45 MPa'Nm, more preferred af least 1.5 MPa®\m, praferably at least
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0.8 MPa*m, at least 0.7 MPa*m, at lsast 0.8 MPa*m, at least 0.9 MPa*¥m, or at least 1
MPatim, or atleast 1.1 MPa*Vm, or af isast 2 MPa*™n1. Preferably, the fracture toughness is up
to 100 MPa'ym, up to 75 MPa*m, up to 50 MPa™vm, up to 10 MPa*vim, in particular, up to 8
MPa*m, or up to 5 MPa*vm.

The shape of a chemical toughening profife corresponds to an inverse evor function. The diffu-
sion coefficlent D ixdifferent for-different jon speciss, different femperatures and differsnt mate~
rigls. The diffusion coeficient D is messured in units of m™/s. From the diffusion coefficient D
and the foughening time t the characteristic depth of penetration x, can be caloulated using the

pquation: x, = 3T 1 The toughening time Lis the time that the arficle, e.g. the inorganic ma-

terial layer, is keptin the sall bath. Diffusion coeflicient D can by measured with differant meth-
ods. Preferably, diffusion cosfficient D is calculaled from the depth profile of the exchanged fons
after defined toughening temperature and time. This depth profile can for example be measured
using EDX {energy dispersive x-ray spectroscopy). Alternatively, the ToF-8IMS {Time-of-Flight
Secondary lon Mass Specirometry) method can be used. In the ToF-SIMS method material is
refeased fram the surface of the article, a.g. tha inorganic material fayer, by av lon beam and
the proportions of the thus released lons are measured. By releasing material from ths surface
the inn beam basically "bores” info the dapth of the article. &.¢. the intrganic material layer, so
that changes in the jon profile can be dedermingd. Further suitable methods are known to the
skifled parson.

The characteristic depth of penetration has the unit of a length, Preferably, it is af lsast 2 pm, at
least 3 um, at least 0.843%4 ym, preferably at least 4 pm, atleast 6 um, at least & um, or at least
10 pm. Preferably, the characteristic depth of penetration is up to 50 ym, up to 30 pm, up to 27
um, 1025w, up to 24 wm, up to 22 prm, or up o 20 pm.

In preferred embodiments, the charactenstic depth of penetration should not excesd cerfain
values in relation to the thickness d of the inorganic material laver. Preferably, the characteristic
depth of penetration s up to d/2, up to &3, upto di3.5, up to d/4, upto &G, upto di§, arup to
a{7. However, the characteristic depth of penstration should be at least /M40, at least d/30, at
least /27, at least d/25, atleast di20, at least J/18, or at least d/10.

The tensile stress on the convex side of the inorganic material layer is roughly proportional fo
the Young's modulis of the mislerial. Thue, itis praferrad for the survival of the bendable and
preferably foldable protective cover and inorganic material layer that the Young's modulus
should not be oo high. Preferably, the Young's modulus of the inorganic material is up o 200
GHa, preferably upto 180 GFa, up 1o 120 GPs, or upto 100 GPa, orup to 80 GPa, Preferably,
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the Young's moduius of the inorganic material is at least 40 GPa. at least 50 GPa, at least 60
GPa ar at least 70 GPa, orat legst 80:GPa, or at least 80 GPa, or atleast 100 GPa.

The survival of a bendable and optionally foldable protective cover and/or inarganic material
layer can be improved, if tensile stress is relocated outside of the article. in accordance with this
invention this can be-achieved by disposing a further material on the side of the anticle that is
stbjected to the {ensile stress. The further material may cover the whole area of the respective
side of the arlicle, or i may cover paris of the respective side of the article. In preferred embod-
iments, strips of metal or polymeric malerial are arranged on af least one side of the article,
stich as on the inorganic material layer andfor on the protective cover, In. particular on the sids
that is-subject io tensile siress. Metal has the advaniage of a higher Young's modulus, a poly-
magric material may have the bensfit of being fransparent. The ong-or more strips of metal or
polymeric material may be arranged close to the edges of the inorganic material layer and/or on
the protective cover, such as within a distance equivalent of not miore than 30%, 20%., or10% of
the width of the layer from the respective edge or within a distance of at least 10%d but not more
than 50*d, preferably not more than 20°d from the respective edge, whersin “d” ia the thickness
of the inorganic material layer. Preferably, this applies to the edges extending perpendicularly to
the bending or folding ais, in pafticular along the length direction of the inorganic-material layer,
Le. inthe direction of the longitudinal axis. A strip of further material may be used, which has a
widih which is less than 30%, 20%. 10%, 5%, 3%, or 1% of the width of the inorganic material
fayer. The width may be at least 0.1%. at least 0.3%, or at least 0.8% of the width of the inor-
ganic material layer and/or the protective cover.

The further material may have a Young's modulus of more than 10 GPa, preferably af lsast 20
GPa, al least 80 GPa, at least 76 GPa or atleast 100 GPRa, in preferred embuodimeants, the fur-
ther material has.a Young's modulus of up to 1006 GPa, preferably up 1o 800 GFa, up o 700
GPa, orupto 850 GPRa, In particular, compared to the Younyg’s modulus of the inorganic materi-
al of the'inorganic material layer, the further material has avalue of the Young's moduius that is
within the range of from 1/10 to 10 times the value of the Young's modulus of the inorganic ma-
tevigl, preferably within a range of 4/5 up to 5 times, or within a range of from Y% to 2 times.

13

The brittleness B of the further material is prefarably less than 20 um ", less than 10 pm™®,
less than 5 pm™? less than 2 pr™, less than 1 um™, or less than 0.5 unt ™ less than 0.25
pre 2, less than 0.1 pm ™, less than 0.05 um ™ or less than 0.005 um™2. Preferably, the thick-
nees of the further material is within a range of from 0.2%d 1o 55d, praferably within a range of
from 0.8°d {0 2%d, wherein d is the thickness of the inorganic material layer. Preferably, the
thickness of the further material is al least 10 um, preferably at lsast 50 pm, at least 100 pum, at

least 200 um, or at least 500 pm. Particularly, the thickness of the further material should not
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exceed & nwn, 4 mmy, 3 mn, 2 nn of 1 . Preferably, the further material is selscled from the
group of polymerns, such as plastics, and melallic materials, such as meatals or metal alloys. A
prefarred plastic material is polysthylene,

As desoribed above, the tensile stress is preferably relocaied out of the article and into the fur-
ther material. Therefore, # is advantageous it the further material has a comparably high offsat
yield point {or proof stress). Preferabily, the 0.2% offsel vield point of the further material, in par-
ticular of @ metallic material, is at least 50 Nimm®, more preferably at least 75 Nimné, more
preferaily at least 100 Nimm®, mors preferably at least 180 Nimm?. The 0.2% offset yield point
is the {uriepdal} mechanical tension at which the persistent elongation affer load reliefis 0.2 %
based on the inifigl length of the sample. The 0.2% offset visid point can be pnambiguously de-

{ermined from the stress-siraitycurve,

it is slso advantageous if the further material has a comparably high fensile strength. Preferably,
the fensile strength of the further material, in particular of polyreric plastics, is at least 50
Nimien?, more preferably at least 80 Nimm®, more preferably at least 70 Nimmy®, more preferably
at least 80 Nimm?, The tensile strength is preferably defermined according to one of the follow-
ing standards: EN 180 6892-1, 1S 6882, ASTM E B, ASTM E 21, DIN 50154, 180 527, ASTM
D838 '

it has been-found that geometricsl effects in the inorganic material layer lead 1o a reduction of
compressive stress at the edges of the laver. This effect can be produced by rounding the sdg-
es. i has furned aut thatl it is advantagsous that thickness of the norganic material layer d,
characteristic depth of paneiration k. and rounding radius OVR are within the following ralation-
ship.

&3 > QVR > x40

Praferably, the rounding radius OVR is tess than &/3 and higher than /8. The rounding radius
is maasured at lateral fractures of respective inorganic material sheets. The rounding radius s
the radius of the largest possible circle that can be fitted to the edge of the lateral fracture. The
gdge i the cross-section at the edge of the original sheel. Preferably, the OVR of individua!
articles is measured indivectly by using one or more reference articles that allow conclusions
ragarding the O\fR of the individual articles. For example, # is possible to determineg the OVR of
arliclss of 8 parﬁéuiar fot or bateh by determining the OVR of one or more refersnce avticles of
the respactive lot or hatch provided that there are no or only insignificant differences behvesn
the individual articles of g lotor batch. Insignificant differances are preferatidy differsnces of at
mriost 20%, more preferably at most 18%, move praferably at most 10%, more praferably af mast
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5%, more preferably at most 2%, more preferably af most 1% between the maximun and mini
murm values within a respective lobor baleh,

Strength parameter QFP

The effectivencss of the compressive stress profile on the survival of a bent arlicle can be
shown bystrength measurement of the respective inorganic material layer. Two point bending
measuramenis were conducted, whersin the strengths weremeasured sccording o Matthew-
son and Kurkjian (U Am. Ceram. Soe., 88 {11}, Selten 815-821 {1986)). Preferably, the strangth
of individual articles is measured indirectly by using ons oF mors reference articles that allow
conclusions regarding the strength of the individua! articles. For example, it is possible to de-
termine the strength of sticles of a partivular lot or batoh by determining the strength of one or
more reference articles of the respective ot or bateh provided that thers are ne or only insignifi-
cant differences between the individual articles of & lot or batch. lnsignificant differences are
preferably differences of at most 20%, more preferably at most 18%. mare preferably at most
10%, miore preferably al most 5%, more preferably at most 2%, more preferably et most 1%
betweaen the maximum and minimum valuas within a respective 1ot or batch.

it was found that the Inorganic matevial layer is particularly resistant against breakage, if a spe-
cific relationship between the mean valuas, MW, of the strength measurements, the standard
devigtion STABW, the number N of specimens within & measurament and the strength parame-
ter OFP, which is caloulated according to the following formula:

OFP = 04 exp| - STARW

Preferably, QFF is al least 2, more than &, at least §, al least 10, or at least 20. In particular,
QFP s upto 100, upfo 80 up to 70 or up to 80

Crack inttiation load

The crack initation load v the resistances against the formation of cracks upos intrusion of &
body. The crack inftiation oad s sssentially applicable o sveants of impact onto the article, such
as onto the inorganic matenal layer. A comparably high crack initietion load is prefamed. A 50%
relative humidity of the air, the crack initialion load of the Inerganic matenal layer is preferred fo
he gt least 1.6 N, at lsast 3N, atleast &N, oratleast 10 N n particuar, the orack inltiation joad
may-be upto 200N, upio 180N, sp o Y8 N, up o 88 N, up o855 N, up o848 N, orup o 30 M.
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The crack initiation load s measured with & Vickers indenter as described by Sehaal and Ho {4
Am. Ceram. Soc., 81 [9], pages 2485-2488 (1998)).

A further aspect that is of relevance concerning the impact resistance of the inorganic material
layer is the critical comprassion. The critical compression is the compressive stress limit that a
material can endure before if forms cracks. This value relates {o a strain and does not have a
unit. Preferably, the critical compression of the inorganic material layer is at least 8%, or at least
10%. The critical compression can be detarmined using oylinder comprassion. A specimen of
the anticle 1o be Investigated may be put between the end faces of 2 cylinders so thal pressure
can be exerled on the specimen by the cylinders. A universal measuring spparatus, eg. IN-
STRON 8025, can be used to perfomnm this meathod,

fn an embodimant, the inorganic material layer cornprises a glass or glass ceramic as described
below. Prefarably, the inorganic material ayer consists of the below described material.

inan embodiment, the inorganic malerial layer 15 a chemically toughened glass layer. in other
embodiments, the inarganic matenial laysr may be a glass layer, which has not undergons
chemical toughening. Or the inorganic matenal may be a material that has been chemically
toughened partially.

The inorganic material Bver may be g chemivally toughensd glass layer having a thickness ()
of less than 0.4 rom, a first surface and a second surface and a comprassive stress region ex-
tending frons the first surfacs to a first depth in the glass layer (Dol ). the region is defined by g
compressive stress {C8) wherein a surface CS at the first surface is at least 106 MPa. The first
surface and the second surface are located on opposite sides of the glass layer,

Broagkage force

The inorganic material laver andior the protective cover may have a breskage force {givenin Ny
of at least the figure of the thickness {t o mm of the laver mudtiplied by 30, The breakage force
is determined in a sandpaper press test, In this fest, the layer is placed with ite second surface
on a steel plate and the first surface of the layer is baded and pressed until breakage by a stesl
rod having a diameterof 3 mm at s flat front face wherein a sandpaper of type P180 i3 placed
betweern the frontface of the steel rod and the first surface of the Jayer wherein the abrasive
side of the sandpaper is in contact with the first surface. Further the layer according to the in-
vertion may have 3 bregkage banding radius {given in mm) of less than the thicknass {t in mmj
of the layer multiplied by 100,000, whereln the resull is divided by the figure of the surface com-
pressive stress {in MPa) measured at the first surface.
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An inorganic material layer may bave an optimized siress profile, | bas the halance belween
small bending radius and high sharp confact resistance especially press resistancs. Surprsingly
it was found that the layer will be sfrong enough to accommodate the applications in daily use of
an electronic device, patticularly if the following conditions are fulfitied:

The inorganic material layerand/or the profeciive cover may have @ breakage force {given in Nj
of 2 30%, 2407, 2 50", or 2 807t iy the above mentioned sandpaper test {t being the figure of
the respective thickness of the layer in the unit "mm”) andior its breakage bending radius {given
iy )} may be < 100,000°0CS, wherein t is the thickhess of the layer {given iy the unll "mm™)
and T8 is the figure of the measured surface comprassive siress (given in the unit "MPa"). That
maans in the atter calculation, the product s divided by a figure which corresponds 1o the re-
spective measured surface compressive strength {given in MPalat the first surface of the layer.

By mieans of these criteria if can be decided whether an inorganic material layer is suitably
strong and fexible enough {o be used for the respective application bafore it becomes part of a
protective cover. it was surprisingly found that the breakage force is strongly related to layer
thickness. Thereforeg, thinner {avers sre especially sensitive to breakags caused by cortacts
with hard and sharp objects.

Surprisingly it was found by the inventors that the breskags force writsrion for an inorganic ma-
terial fayer can be describad by the mentioned facior 30 and the thickness of ths layer. The fac-
tor will be valid if the-breakags force-of the layer is-determined in the sandpaper press fest ree-
orded by using universal testing machine (UTM). In this test, the layer is placed with its second
surtace on a steel plate and the first surface of the layer (which may be chemically foughened)
i loaded and pressed until breakage by a steel rod having a diameater of 3 nun at its fat front
face wharein a sandpaper of type F180 is placed hatwesn the front face of the steel rod and the
first surface of the laver whersin the sbrasive side of the sandpapsr is in contactwith ths first
surface. The longitudingl awdds of the steel rad is oriented verlically 1o the first surface of the layer
The steel rod s moved ity a direction cortasponding to e longituding! agis with-a continugusly
apphad loading speed of 1 mmdmin untll breakags. The testis perfonmed o smisl samples {11
mm x 11 mm} al room femperature of about 20°C and refative humidity of abotd 50% using
sandpaper P180 according to 150 6344 {e.g. # 180 sandpaper manufactured by the company
“Buehler). if an inorganic material layer of larger size is to be fested, small samples will be cud
out using a diamond cuiting wheel, No fugther sdgs trestment is performed on the samples. The
sample is pressed by the rod untll it breaks {(orack is generaled). The breakage force (also
calfed "sandpaper press foree”} is the maximum foroe that can e applied untll the layer breaks.
Breaking means thal the layer exthibils 8 surface crack or breaks Info fwa or miore plecas. The
braskage is defermined with the signal of the UTM soltware,
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This test s adjusted to and is especially suitable for inorganic material layers and reproduces in
a quite simple manner the above mentioned problem, that is the press contact between the lay-
er {e.9. 8 FFPS or a touch display) and a sharp hard object. Preferably, the herein described
tests applisd to the inorganic material layer are conduciad before the layer is processed into a
profective cover of this nvention.

As described above inorganic material layers are usad in many fields of daily applications, e.4.
as cover for finger print sensors especially in smariphones and tablets. To increase the strength
of the cover toughening, such as chemically toughening, may be performed. In this context, in
the prior art it was generally assumed that a high compressive siress and a high Dol is neces-
sary {o-ensure the flexdbility and strength of the inorganic material, &g glass. Thus, such a
known foughenead glass layer usually has g high comprassive stress {(CByand a Dol of » 20 pm,
whiich leads to a bigh ceniral tension (CT} in the inner part of the glass. Howsver, it was surpris-
ingly found by the inventors that the sharp contact resistance of such known toughened glasses
decreases quickly with increasing Dol and reaches a minimun valug when the ratio between
Dol (given in por) and thickness {given in ) s roughly between 0.1 to 0.2, if thers is no addi-
tional surface protection against sharp contact. In cerlain embodiments, the ratio Dol/d is less
than 0.2 Thus, it & conventional toughened glass layer is pressed or impacted by objects with
high hardness {s.g. sand grains sticking (o the finger while pressing the cover glass of a FPS) a
crack will result that extends through the strengthened layer of the cover giass {that s defined
by a compressive stress (C8})) and reaches the tensile part of the glass even i the contact force
hras been quite low. Due o the high central tensile stress existing in that glass region the knawn
glass arlicle cracks spontanecusly and the cover glass is damaged.

Surprisingly it was found by the inveniors that the inorganic matenial layers ussd according te
the invention are more refiable concerming fexibility and contact resistance in the further pro-
cessing snd dally use. In.cartain embodiments, the reason for that may be the improved and
oplimized stress profile of the layers according o the invention. The other way round, i an inor-
ganic-materiat layer masts the claimet breakags force and the claimed bisakage bending radi-
us {referred to #s respective thickness and measured surface C8), the breakage risk of the lay-

e whien being used (2.9, i 8 profective cover) is low,

As mentioned above an inorganic materis! laver can have quite different sizes. Therefore, in the
course of determining the breakage force and breakage bending radius the following has lo be
fakan nlo acgount:

in the case of larper lavers (8.9, a large glass sheeat), a plurality of samiples afe measwed re-
garding breakage force using the sandpaper press test, For this a random sample N values is
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taken. N should be bigh enough to obitain & statistically ensured average value, Preferably at
least 24, more preferably at least 30 samples are tested. The number of samples depends on
the respective size of the layer to be tested. The measured values are statistically evaluated
using Welbull method. B10 value of Weibull distribution {that is the calculated force (in Nj
whersin 10% of the samplas are broken) is determined and taken to represent the claimed
breskage force.

However, in the case of small layers {e.q. an Individual small protective cover glass) a single
measurad value of breakage foree is sufficlent and is taken {o represent the breakage forea.

in the case of a number of measured values balweesn 2 and 19, the average measured breaking
force is aken o represent the breakage force.

Inorganic material

In one gmnbodiment, the inorganic material of said at least one Inorganic matenal layst andfor of
any additional ingrganic material layer Is an alkali-containing glass, such as alkall aluminosii-
tate glass; alkall silicaie glass, alkall borosilicate glass, alkalt slumincborosilicate glase, alkali
boron glass, alkall germanale glass. alkall borogermanaiea glass, alkall soda lime glass, and
combinations thergol. The inorganic-material layer is bendable or even-foldable. Cenerally, the
oider layers of g protective cover are sublect to tenslie stresses due o bending or folding, im-
pact siresses, for example, due to arlicles faling onto the prolective cover, and stresses dus o

scratching with hard articles.

The inorganic material may be borosilicate glass, soda lme glass, fithiom aluminum silicate
glass, o & glass ceramic.

in preferred embodiments, the inorganic matenial of the inorganic material laysy comprises &
glass, or consists of a glass, which may be characterized by one ormoreof the following com-

positional features as set ouf below as glass composition for i1
Glass compsition §

in this deseription we refer (o the calionie compositions of the glassses. Inthese compositions ~
if nothing else is indicated ~ “silicon™ refers to 51, “boron” refers to B, “gluminum’ refers to
A liehium® refers to L, “sodiunt rafers fo N&°, "potassium” refers to K7, "magnesium” refers

fo Mg®, “calcium’ refars to Ca®|, “barium’” refers fo Ba®™, “z2ing” rafers fo Zn™, “fitaniunt sefers io
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Ti™, “zirconium” refers to Zr™, “arsenic’ refers to the sum of As® and As™, “antimony” refers fo
the sum of 3% and Sb6%, “ron” refers to the sum of F&® and Fe*', “cenium’ refars to the sum of
Ce™ and Ce®™, "tin” refers to the sum of 80 and Sn™, and “sulfur” relates to the total amount
of suffur in all its valence states and oxidation levels,

The glasses have cerfain preferred compositions that will be outlined below. The glassas gen-
srally comprise cationic and anianic components, The composition of cations in the ghass will be
given in callonic percentages {cat-%}, i, indicating the motar proporiion of the respective gati-
onrefative to the total melar amount-of cations i the composition. Preferably, the glasses com-
prise the following componenis, i cat.-%, based on the fotal molar amount of cations in the
glass: sflicon 40 to 78 cat.-%, boron 0 o 23 cat.-%, aluminum 0 {o 20 cal-%, lithium O fo 18
cat.-%, sodivm O 1o 25 cat~-%, potassiom 0 to 18 cat-%, magoesium 0 1010 cat.-%, calcium 0
to & cal~%, barium 0 to 4 cal-%, zinc 0 fo 7 cal-%, titanium G0 § cat-%, zirconium 0 fo 3 cat.-
%. In preferred embodiments, the cations in the glasses consist of the cations mentioned in the
beforesmentioned list 1o an exdent of at least 85%, more preforably at least 87%., most prefera-
by al least 88%. In most preferred smbodiments, the cationic componant of the glass essential-
iy consists of the mentioned cations.

As anionic companents the glass preferably comprises at lsast one anion selecied from flucrine
{F'3, exygen (O%), chioride {OF). Most preferably, the anions present in the glass consist of oxy-
gen fo an exent of at least 85%, more preferably at least 87%, most preferably at least 88%. In
most preferred embodiments, the anionic component of the glass essantially consists of axygen.

The terms KX-free” and free of component X, respectively, as used herein, preferably refer
1o @ glass, which essentially does not comprise said component X, 1L.&. such component
may be present in the glass at most as an impurity or contamination, however, js not added
to the glass composition as an individual componsnt. This means thal the component Xis
not added in essential amounts. Non-essential amounts according to the present ihvention
are amounts of less than 100 ppm (n/n), preferably less than 50 ppm and more praferably
lass than 10 ppm. Thereby "X may refer to any component, such as lead cations or arsenic
gations. Preferably, the glasses described herein do essentially not contain any compo-
nents that are not mentioned in this description.

& particularly preferred glass composition comprises the following componeants, in cal-%, based
on the total molar amount of catians in the glass: sificon 45 o 80 cal.-%, gluminum 14 10 20

cat~%, sodium 15 1o 25 cat~%, potassivn 1.8 10 8.5 cal-%, magnesium 2 {0 8, zirconfum 0.1 o
1.3 cat-%, cerium 0.01 {0 0.5 cat.-%. In preferred embodimeants, the cations it the glass consist
of the cations mentioned in the before-mentioned list {o an exient of at least 85%, more prafera-
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bly at least 87%, mast preferably at least 88%. In most prefered embodiments, the cationic
componeants of the-glass sssentially consist of the mentioned cations.

Preferably, the glass comprises silicon in proportions of 40 10 75 cal-%, more preferably in pro-
partions of 48 10 80 cat-3%. Silicon i an imporiant nefwaork former inthe glass matrbywhich s
vary important for the glass properties. In particular, silicon cations are important for the chemi-
cal resistance, hardness and- soratoh resistance of the glass: In preferable embodiments the
glasses comprise al least 41 cal.-% of silican, more preferably at least 42 ¢at-% of sificon, stilt
more preferably at least 43.5 cat-% of silicon, and most preferably at least 48 gal.-% of silicon.
However, sontents of silicon cations which are (op high may result in anihcrease of the.glass
transition temperature, making glass production uneconomical. Therefore, it is particularly pref-
grable that the content of silicon cations is at most 75 cat <%, further preferable at mast 70 cat-
%, stift more preferable al most 88 cal-%, and most praferable at most 80 cat-%.

Besides silicon cations the glass:may aleo comprise.al feast one sscond network former. The
glasses may conlain boron cations as an additional network former in proportions of 0 to 23
cat.-%, more preferably in propuortions of 0 1o 1 cat.-%. Through its network forming proparties
boran cations may support the stabilify of the glass. In preferable embodiments the glass com-
prizas af lsast 0 cat-% of boron. Neverthsless, in the case of too high contents of boron-cations
iy the glass the viscosily may be reduced strongly so that a reduction of the crystallization sta-
hility hyas to b accepted. Theralore, it is particularly preferable thatl the contert of boron-cations
is gt most 10 catl-%, further preferable at most 5 cal~%, stil mare preferable at most 2-cat.-%,;
and most preferable at most 1 cat-%. In preferabls embodiments the glass is free of boron cati-
ans,

In the glass preferably the sum of silicon and boron cations cat~%% s from 40 1o 85, more pref-
erably from 45 o 80 cal.~%; Iy preferable embodiments the sum of silicon and boron cations
cal-% in the glass is ot least 41 oal-%, more preferably at least 42 cal-%, still more preferably
atizasi 43,5 cal.-%, and most praferably al least 45 cat-%. [ is particilarly preferabie that the
sum of silicon and boron calions cat-% in the glass is at most 75 cal-%, further preferable at
most 70 cal %, still more preferatile st most 65 cat-%, and most preferable al most 80 ca. -S4

i bas besn found that the temperature dependence of refractive index js inflyenced by the net-
wark formers sluminum, siicon and boron inthe glass, Therslore, the glass preferably shows a
ratio of the stnt of sluminum and boron relative 1o the amount of silicon in cationic parceniages
of frony O to 1, Preferably, s ratio s fomy »0 (o 6.8, mors tweforably from =020 10 0.8, most
preferably from 028 o (.4,

26



WO 2019/085422 PCT/CN2018/085283

in the glass preferably aluminum cations are contained in proportions of 0 1o 20 cat.-%, morg
preferably 14 to 20 cat.-%. The addition of aluminum cations results in improved glass forming
properiies and generally supports thedmprovement of chemical resistance. In preferable sm-
bodiments the glass comprises af least 1 cal % of aluminum, more preferably af least § cat-%
of aluminum, stilt mare preferably at least 10 cat-8% of aluminum, and most praferably at least
14 cat.-% of aluminum. However, foo high contents of aluminum cations resull in an increased
tendency © crysialfization. Tharefore, #t is particularly preferable that the content of aluminum
cations is at most 20 cat.-%, further preferable at most 18 cat-%, still more preferable at most
18 cat-%, and most preferable at most 17 cat-%.

The glass preferably contains fluxing agents o improve melting propertiss, particularly compris-
ing alkali metal cations andior alkaline earth metal cations. Freferably, the sum of fluxing agents
SITR™ (R = Mg, Ca, 8r, Ba) + IR (R = Li, Na, 1)} is & o 40 cat-%. in preferable embodi
ments the sum of the amounts of the fluxing agents in the glass s af lsast § cal -%, more preft
arably at least 7 cal -%, still more preferably at least 12 cal-%, and most preferably at lsast 18
cal.-%. If the amount of fluxing agents in the glass is too high, cheniical resistance will decrease,
itis particularly preferable that the sum of the fluxing agents in the glass is al most 38 cat.-%,
further preferable at most 38 cat<%, still more preferable at most 33 cat<%, and most preferas
ble at most 30 cat-%.

Alkalt mstal cations improve the meliability of the glass and thus allow for a more sconomic
production. Also, they miay be necessary for chemical strengihening of the glass by ionex
change freatment. During the prodaction of the glass the alkall metal cations serve as fluxing
agents, The sum of the amounts of the alkall melal cations lithium, sodium and polassium in the
glass may be 0 to 35 cat~%. In preferable embodimeants the surmn of the alkali metal cations is at
least 5 cal-%, more preferably at least 7 cat-%, still more preferably at least 10 cal.-%. and
muast preferably at least 15 cat.-%, However, i contents of alkali metal cations are too high the
weathering resistance of the glase may be compromised and thus the range of applivations
thersof may sirongly be Bimited. Too high contents of alkalt metal cations lgad o 5 decreass in
chemical stability becanse these monovalent ions may compromise the bridging SO bands
and in additfon sasiermove: i the glass siructure than other cations. Therefore, it is particalarly
preferable that the sum of the slkali metal cations is at most 35 eat-%, further reforatde at
miost 30 cat.-%, stifl more prefevable at most 27 cat-%, and most preferable at most 28 cal.-%.

The present inventors surprisingly found that chemica! stability can be further increased when
the molar ratio of the suny of atkall metal cations {Li, Na, K} (o the sum of boron and aluminum
cations is kept in an advaniagsous ranga. Preferably, the ratio of the surn of alkall metal cations
{Li. Na, Kytothe sum of boron and aluminum cations it the glass is kept in g rangs of from L1
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10 2.5, More preferably, the content of the sum of alkali metal cations {Li, Na, K} to the sum of
boron and aluminum cations in the glass is at least 0.2, more preferably at lzast 0.3, more pref-
erably at least 0.5, mors preferably atleast 0.8, Preferably, the content of the sum of alkali mat-
al catians {Li, Na, K} to the sum of boron and aluminum cafions in the glass is at most 2.5, more
preferably at most 2.2, more preferably at most 2.0, more preferably at most 1.8, mors prefera-
bly gt most 1.7, more preferably at most 1.5 Inthis way, a glass with very high chemical stabiiity
can be obtained.

in the glass prefarably fithium cations are contained in proporions .of 8 1o 18 cal.-%. Lithium
serves as a fluxing sgentand has excelient properties for fon axchange strengthening: However,
Ethiuny affects chemical stability of the glass 1 a great exfant so that its content shoukd be fim-
fed. i iy particidarly preferable that the content of Rium cations isat most 18 cal %, further
preferable af most 10 cat <%, stit more preferable at most 3 cat-%, and most preferable at most
1 cal-%. ih preferable embodiments the glass s fres of lithiuny cations.

I the glass preferably sodiom cations are contained in proportions of 0 to 25 cat.-%, preferably
18510 25 cat-%o, Sodium s a.good component for o exchangs treatment. But - aswith all alka-
i matal ions ~ the amount of this component should not be too high because i decreases chams
ical stability. In preferable embodiments the glass comprises at least 5 cat ~% of sodium, more
preferably at least 180 ¢at.-36 of sodivm, st more preferably at least 12 cal~-% of sodium, and
most preferably at least 15 cat.-% of sodium. 1t is particularly preferable that the confent of sodi-
unt cations is-at most 24 cat-%, futher preferable at moest 23 cat %, stilt more greferabie st
most 22 oal-%, and most preferable at most 21 cal-%.

Inthe glass praferably potassium cations are-contained in proportions of O to 15 cat-%, more
preferably 1.5 to 8.8 cat-%. The negative impact of potassium on chemical stability is less
strong compared 1o the other alkali metal lons. However, potassium is not suitable for lon ex-
change freatment. Also, the content of potassiuny is preferably limited bacause it contains iso-
topes that emit bela rays. In preferable ambodiments the glass comprises at least 1 cat-% of
potassium, more preferably at lpast 2 cat-% of potassium, still mors preferably at least 3 cat-%
of pofassium, and most preferably at least 3.5 cal-% of potassium, It is particularly preferable
that the content of potassium cations is at most 15 cal-%, further preferable af most 10 cat-9%,
siiff more prefarable af most B cat-%.

it has been found that the lsaching tendeancy of the subsirale glass can be reduced by Using
both sodium and potassium intha glass and keeping the ratie of soditmdo potassium iveat~%
in a range of up fo 18, more preferably up to 10, more praferably tp to 8, preferably op to § and
most praferably less than 8. Kesping this ratio low, L8, the sodivn doss not exceed a gartain
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amount relative to the amount of potassium, provides for glass having good meltability and ex-
cellent chemical and hydrolytic resistance. Specifically, such glass will have an HGB1 according
to 1SC719:1889. However, in order to adjust the viscosity in the mel {o a desirable valug, the
ratio of sodium fo potassium should be more than 0.5, preferably more than 1 and most prefar-
ably af leasf 2.

Alkaline sarth metal cations may improve the meltability of the glass and thus allow for an eco-
nomic praduction, Buring the production of the glass they may serve as fluxing agents. The sum
of the alkaline sarth metal cations magnesium, barium and calcium in the glass preferably is of
Q1o 15 cat.-%, more preferably 2 to 9 cat-%. Alkaline sarth metal ions affect chemical re-
sistance of the glass with little positive sffects in terms of ion exchangs treatment. Hence, in this
invention the glass doss preferably not comprise any alkall earth metal jons, It is particularly
preferable that the sum of the alkall sarth metal cations in the glass is at most 13 cat-%, further
praferable at most 12 cal-%, still more preferable at most 10 cal-%, and most preferable at
most § cal.-%. Moreover, akaline sarth metal cations and zing cations may be used to adjust
the viscosity of the glass, parficulatly the fine luning of the viscosity-temperature profile. Morso-
ver, alkaling earth metal cations and zinc cations ~ like alkall metal cations - may be used as
fluxing agsnts: The glass may be free of at least one calion selected from the group comprising
magnasium cations, calcium cations, sirontium cations, barium cations and 2inc cations, Prefer-
ably, the glasses are free of zinc cations, calcium cations, stronfium cations and barium cations.

in the glass preferably zing cations are contained in propogions of Uo7 gat-5%. it is particularly
preferable that the content of zinc cations is at most 8 cat.~%, mare preferably at most 5 gat-%.
in preferable embodimeants the glass is free of zine. In the glass preferably calcium cations are
coritained invproportions of 0 {08 cat-%. i is particuiarly preferable that the vontent of calclum
calions is at most 8 cat.-%, further preferable at most 3 cal-%. In preferable embodiments the
glass is free of calcium. in the glass preferabdy barium calions are contained in proporiions of O
{o 4 oal.-%. it is particularly preferabie that the content of bartum catfons le at most 4 cat.~%,
further preferable at most 3 cat-%, still more preferable at most 2 cat.-%, and most preferable
at most 1.cat-%. In preferable embodimants the glass is free of barium. I preferable embodi-
mants the glass s free of strontium.

in the glass preferably magnesium cations ara contained in proportions of 010 10 cat.-%, more
prederabiy 2 1o 8 cal %, Magnesium cations may be contained in the glass gs an addiional fux-
ing agent as well as for adiusting the roelting point in a targeted mannar. By the addition of the
network modifier magoesium the melting point of glass may be reduced. In preferable embodi-
manls the glass comprises al least 1 cat-% of magnssium, more prefarably at least 2 cat-% of
magnesium, still more preferably at least 3 cal-% of magnesium. However, too high contents of

29



WO 2019/085422 PCT/CN2018/085283

magnesinm cations may resudt in a reduction of the melting point of the glass. i is particularly
preforably that the content of zinc cations i at most § cat-%, futher preferable st most 6 cat -

D
Ya.

I the glass preferably titanium cations are contained in proportions of 0 to 5 cat~%. THanium
cations may be added to the glass for improving its oplical properties. In particular, with the help
of additions of titanium the refractive index of the glass can be adjusted in a targsted manner.
So the refractive index incresses with an ingreasing content of Hitanium cations in the glass. The
addifion of titanium cations is cornectad with a further advantage: by this measure the UV edge
of the ransmittance spectrum of the glass may be shifted o bighsrwave lengths, wherein this
shift is higher, when more titanium is added. Howsver, oo high contents of titanium cations may
resull in undesirable orysiallization of the glass, Titanium cations may increase the refractive
ndey of the glass. Pardiculary together with sirconium cations, titaniuny cations may deteriorale
transmigsion in the blue spectral range and, thus may shift the UV-sdgs into the longer wave
lengths, Therefore, § iz particularly preferable that the content of titanium is at most 5 cat. %,
further preferable at most 1 cat-%. In preferable embodiments the glass is free of thaniun.

in the glass preferabiy zirconium cations arg contained in proportions of 0 1o 3 cat.-%, more
preferably 0.1 to 1.3 cal.-%. Zirconium cations may be used to adjust the refractive index of the
glassas. In preferable embodiments the glass comprises at least 0.1 gat-% of zirconium, morg
praferably atisast 0.2 cat-% of zirconium, still more preferably at least 0.5 cat.-% of zirconium.
However, a content of zirconjum cations, which is foo high, may decreass the meiiability and
particularly may lead o stronger erystallization of the glass. itis particulady preferable that the
content of irconium is at most 1.3 cal-%, further preferable at most 1.0 cat-%, stil more pref-
arabieat most .8 cal-%.

In the glass preferably cerium cations are contained in proportions of 0.01 {0 0.3 cat-%. In pref-
grable ambodiments the glass comprises at least .01 cat-% of cerium, more praferably st Jeast
0.0 cat-% of carium, stilf more preferably at least 0.08 cat-% of cerlum. Itis particulary pref
srabie that the content of cerfum is-at most 0.3 cat-%, further preferable at most:0.2 cat~%, still
more preferable atmost 0.1 cat-%.

Glass composition

Another preferred glass composition that may constitute the inorganic materlal samprises the
following components, in cat%, based on the tolal molar amount of cations in the glasy; sificon
48 to 80 cat.-3%, boron 10.5 1o 18,5 cat-%., aluminurm 210 8.5 cat-%, sodiem 8 to 14 cat-%,

potassiom 8.5 {o 13.5 cat-%, zing 2 to 6, Hankam 1 o § cab-%. In prefarred emboidiments, the
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cations in the glass consist of the cations mentionad in the before-mentioned list {o an sxtent of
al fenst 88%, more preferably af least 97%, most preferably af least 99%. In most preferred em-
bodiments, the cationic companents of the glass essentially consist of the mentioned cations,

Fraferably, the glass comprises silicon in proportions of 40 fo 78 caf.-%. Silicon is an important
network former in the glass matrix which is important for the glass properties, In particular, sili-
con cations are important for the chemical resistance, hardness and scratch resistance of the
glass. In preferable embodiments the glasses comprise at least 43 cat-% of sificon. more pref-
erably at least 48 cat~-% of silicon, still more preferably at least 47.5 cat -% of silicon, and most
preferably at least 48 cal-% of silicon, However, too high contents of siticon cations result In an
incraase of the glass fransition temperaiure, making glass production unsconomical. Therefore,
it iz particidarly preferable that the confent of silicon cations is at most 75 cat.-%, further prefer-
able at most 70 cat.-%, still more preferable at most 85 cat.-%, and most preferable al most 80
gat-%.

Besides sificon cations the glass may also comprise al least one second nstwork former. The
glass may conlain boron cations as an additional network former in proportions of { to 23 cat-%.
Through its network forming properties boron cations may support the stability of the glass. In
preferable embodiments the glass comprises at least 0 cat,-% of boron, more preferably at least
5 cal-T of boron, still more preferably at least 7.5 cat.-% of boron, and most preferably af lsast
10.5 cat-% of boron. Nevertheless, in the case of contents of boron cations in the glass which
ars 100 bigh the viscosity may be reduced strongly so that a reduction of the crvstaliization sta-
bility has to be aocepted. Therefors, it is particulary preferable that the content of borpn cations
fs &t most 23 cat-%, further praferable at most 20 cat.-%, siilf more preferable at most 18 cat-%,
and most preferable at most 15.5 cal-%.

in the glass the sum of siticon and boron cations may be from 40 to 85 cal-%. In preferable
embodiments the sum of sificon and boron cations vat~% inthe glass is at least 458 cat-%,
more preferably al least 48 cat -%, still more preferably at least 50 cat.-%, and most preferatily
at least 60 cat-%. Itis particularly preferable that the sum of silicon and boron cations cat<% in
the glass is at most 85 cat.-%, further preferable at most 85 cat-%, still more preferable at most
75.0 cal~%, and most preferable at most 72 cat ~%.

It hras bean found that the temperature dependence of refractive index is influenced by the net

work formers aluminum, silicon and boron in the glass. Therefore, the glass may have a ratio of
the sun of aluminum and boron relative {o the amount of sificon in cationic percentages of from
{ to 1. Preferably, this ratio is from >0 {c 0.8, more preferably from >0.20 o 8.6, most preferably
from 02510 G4
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In the glass aluminum cations miay be contained in proportions of 0 te 20 cat.-%. The addition of
aluminum cations results in improved glass forming properties and generally supports the im-
provement of chemical resistance. in embodiments the glass comprises at least 0 cat-% of
alurminum, more preferably at least 1 cat-% of aluminum, still more preferably at least 2 cal-%
of aluminum, and most preferably at least 3 cat-% of aluminum. Howsver, contents of alumi-
num cations which are too high result in an increased tendency to crystallization. Therefore, itis
particularly preferable that the content of aluminum cations is at most 20 cat-%, further prefera-
ble at most 15 cat.-%; still more preferabde al mast 10 cat-%, and most preferable at most 8
cat~%.

The glass may contain fluxing agents'to improve melting properties, particularly comprising at-
kali metal cations and/or alkaling earth metal cations. Preferably, the sum of fluxing dgents
TITR™ (R = Mg, Ca, Sr, Ba) + IR™ (R’ = Li, Na, K)} is 5 to 40 cat.-%. In preferable embodi-
ments the sum of the amounts of the fluxing agents in the glass is at least 5 cat.-%, more prefk
grably at least 7 cat.-%, still more preferably at least 12 cat-%., and most preferably at least 15
cat.-%. if the amount of fluxing agenis in the glass is too high, chemical resistance will decrease.
ftis particularly preferable that the sum of the fluxing agents in the glass is at most 35 cat.-%,
further preferable at most 30 cat-%, still more preferable at most 25 cat.-%, and most prefera-
ble at most 23 cat.-%.

Alkall metal cations improve the meltability of the glass and thus allow for g more economic
production. Also, they may be necessary for allowing chemical strengthening of the glass by fon
sxchange treatment. During the production of the glass the gikall melal cations setve as fuxing
agents. Thesum of the amounts of the alkall metal cations lithium, sodium-and potassium in the
glass may be 010 35 cat.-%. Iy preferable embodiments the sum of the alkall metal cations is
at least & cal.-%, mare preferably at least 7 cat.~%, still more preferably ai least 10 cat-%, and
most praferably at least 15.cat -%. However, i contents of alkall metal cations are top high the
weathering resistance of the giass may be compromised and thus the range of applications
thereof may be limited. Too high contents of alkall metal cations lead to a decreass in chemical
stability because these rmonovalent ions may comprosnise the bridging 51F0O bonds and in addi-
tion easier move in the glass strocture than other cations. Therefore, it is particularly preferable
that the sum of the alkali matal cations is-al most 38 catl.-%,; futher preforable at most 30 cat.-%,
still more preferable at most 25 cat~%, and most preferable.at most 23 ¢at 56

The present inventors surprisingly found that chemical stability can be further increased when
the molar ratio of the sum of alkall metal cations {Li, Na, K) tothe sum of boron and aluminum
cations s keptin an advantageous range. Praferably, the ratio of the sum of alkali metal cations
{L}, Na, K} to the sum of boron and aluminum cations in the glass is kept in a range of from 0.1
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to 2. More preferably, the content of the sum of alkali metal cations (L1 Na, K) {o the sum of
boron and gluminum cations in the glass is at least 0.2, more preferably at least 0.3, more pref-
erably at least 0.8, more preferably af least 0.8, Preferably, the content of the sum of alkali met-
al cations {Li, Na, K} to the sum of boron and sluminum cations in the glass is at most 1.8, more
preferably af most 1.8, more praferably at most 1.7, more praferably at most 1.5, mors prefera-
bly at most 1.3, more praferably at most 1.2, inthis way, & glass with very Ngh chemical stability
can be obtained.

in the glass lithium cations may be containad in proportions of 0 to 18 cat-%. Lithium serves as
a fhuxing agent and has excellent propedies forion exchange strengthening, Howsver, hium
affects chemical stabifity of the glass {0 a great exient so that its confent shoold be limited. Itis
parficularly preferable thaf the content of lithium cations s al most 18 cat-%, further preferable
at most 10 cat-%, still more preferable at most 3 cat.-%, and most preferable at most 1 cat-%.
in embodimants the glass is free of lithlum cations.

Inthe glass sodium cations may be comained in proportions of § to 25 cat-%. Sodium is a good
component for fon exchangs treatment, Bul ~ as with all alkall metal ions —~ the amount of this
component should not be too high because it decreasss chemical stability. In preferable embod-
iments the glass comprises al least 3 cal.-% of sodium, mors preferably at least 5 cat-% of so-
dium, still more preferably ai least 8 cat~% of sodium, and most preferably at least 8 cat-% of
sodium, 1t is particularly preferable that the content of sodium cations is at most 23 cat -9, fur
ther preferable at most 22 cat-%, still more proferable at most 20 cat.-%, and most preferable
at most 15 cat-%.

I the glass potassium cations may be contained in proportions of §to 15 cat=%. The negalive
impact of potassivm on chemical stabilify is fess strong compared {o the other alkali metal jons.
Haweﬁien potassium is not suitable for ion exchange treatment. Also, the content of polassium
is preferably imited becsuse it contains isctopes that emit beta rays. In preferable embodiments
the glass comprises at lsast 1 cat-% of potassium, more preferably at least 2 cat.-% of potassi-
urn, still more preferably of least 3 céi’.~% of potassium, and most preferably at least 5.8 cal-%
of potassium. itis particularly preferable that the content of potassium cations s at most 15 cat-
%, further preferabla al most 13 cat.-%, still more preferable af most 12 cat-%.

it has been found that the leaching fendency of the glass can be reduced by using both sadium
and potassiun in the glass and keeping the ratio of sodium o potassium in cal % ina range of
up 1o 8, more preferatdy up to 4.5, more preferably up to 3.5, preferably up fo 2.0 and most
preferably less than 1.8, Keeping this rafio low, Le. the sodiun doss not excesd a cerlain
amount relative to the amount of potassium, provides for glass having good meltability and ex-
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cellent chemical and hydrolvtic resistance. Specifically, such glass may have an HG81 aceord-
ing 1o 1ISC 71211988, HMowever, in order to adjust the viscosily in the melt o a desirable valug,
the ratio of sedium © polassitum should bemore than 0.5, preferably more thare 0.7 and most
preforably at least 0.8,

Slkaline sarth metal cations improve the meltability of the glass and thus sllow for 2 more eco-
nomic production. During the production of the glass they sarve as fluxing agents. The sum of
the alkaline sarth melal cations magnesium, barum and caloium in theglass may be 8o 15
cat-%. Alkaling earth metal ions affect chemical resistance of the glass with ittle positive effects
in terms-of ion axchange freatment. Hence, i this inventionthe glass may be free of alkali earth
matal ions: It is particularly preferable that the sum of the alkali sarth metal cations iy the glass-
as isat most 13 cat-%, further preferable at mast 10 cat.-%, stifl more preferable at most 5 cat.«
%, and most preferable at most 1 cat-%. Moreover, alkaling earth metal cations and zinc cati-
ons may be used to adjust the viscosity of the glass, particularly for the fine tuning of the viscos-
ity-temperature profile. Moreover, alkaline sarth msial cations and zine cations — like alkali met-
al catlons - may be ussd as fluxing agents. The glass may ba free of af least anag cation select-
&d from the group comprising magnesium cations, calclum cations, strontium cations, barium
cations and zing cations. Preferably, the glass is free of magnesium cations, calcium cations,

strontium oations and barium cations,

In the glass magnesiom cations may be contained in proportions of 0 1o 10 cat-36. 1 is particu-
larly preferable that the content of magnesium cations is at most B cal -%, more preferably at
most 6 cat-%, In praferable embodinients the glass is frae of magnesium. in the glass calcium
cations may be containad in proportions of 0 to 8 cat.-%. Wt is particularly preferable that the
cantent of calchurn cations is at most 8 cat.-%, further preferable atmost 3 cal-%. Inpreferable
embodiments the glass is free of calcium. in the glass barium cations may be contained in pro-
portions.of 804 cal-%. [tis particularly praferable that the content of barium cations:is &l most
4 cat-%, further preferable &t most 3 cat <%, stil more preferable gt most 2 cat.-%, and most
preferable-at most 1 cat~%. In preferable embodiments the glass is free of barium. In prefersble
gmbodiments the gless Is free of strontium,

in the glass 2ine cations may be contained in proportions of (o ¥ cat-%. Zine cations may be
sonfaingd in the plass as an addilional Huxing agent as well as for adjusting the melting polnt in
atargeted manner By the addition of the natwork modifier zine the melting pointof glass may
be raducsd. In praferable smbodimeants the glass comprisss at least 1 cal-% o 2ine, more
praforably al feast 2 cal-% of zing, st more prefarably at least 3 gat-% of zine. However, con-
fents of zine sations which are too high may rasull g reduction of the melling point of the glass.
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i Is particularly preferable that the content of zine cations is at most & cat.-%, further preferable
at mast 5 et %,

In the glass Hanium cations may be contained in proportions of D to 8 cat.-%. Titanium cations
may be added to the glass for improving their oplical properties. In particudar, with the help of
additions of titanium the refractive index of the glass can be adjusted in a targeted manner. So
the refractive index increases with an increasing content of titanium cations of the glass. The
addition of titanium cations is connected with a further advaniage; by this measure the UV edge
of the transmitiance spectrum of the glass is shiffed to higher wave lengths, wherein this shift is
higher, when more titanium is added. In preferable embodiments the glass comprises af least
(.1 cat-% of titanium, more preferably at least 0.5 ¢at-% of titanium, st more preferably at
feast 1 cal.-% of titanium, and most preferably at lsast 2 cat.-% of titanium, However, contents
of titanium cations which are too high may resull in undesirable crystallization of the glass. Tita-
nium cations may increase the refractive index of the glass. Particularly together with zirconium
cations, itanium cations may deleriorate ransmission in the blue spectral rangs and, thus may
shift the UV-edge into the longer wave lengths. Therefare, it is particularly preferable that the
content of Haniurn is ol moest B cat-%, further preferable ot most 4 cat-%.

has been strprisingly found by the present inventors that hydrolvlic resistance, acid re-
sistance and akaling resistance can be further increassd when the molar ratio of zinc cations to
titaniun cations is kepl in an advantagsous range. Preferably, the molar ratio of zine cations to
tHanium cations in the glass is at most. 5, mare praferably af most 4, more preferably at mast 3.
More praferably, the molar ratio of zing cations fo filanium cations in the glass is ina range of
between 0.1 and 3.0 More preferably, the molar ratio of zine cations fo titanium cations in the
glass is af least 0.8, more preferably at feast 0.8, more preferably at least 1.0, more preferably
at lsast 1.2, Freferably, the molar ratio of zine cations fo titanium cations in the glass is at most,
2.5, more preferably at most 2.2, more preferably at most 2.0, more preferably at mest 1.7,
more prefaratdy atmost 1.6,

in the glass zirconium cations may be conlained in proportions of 0 to 3 cat.-%. Zirconium cati-
ons may be used o adjust the refractory index of the glass. Nowever, a content of zivconium
cations, which is too high. may decrease the meltability and paricularly may lead 1o stronger
grystallization of the glass. itis particularly preferable that the content of Ziraorium iz st most 2
eat -, furthey preferable st mast 1 cat-%, stit mors preferable at most 8.8 cat-%. o preferable

embodimeants tha glass is free of zirconium.
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Shape and size

The inorganic material layer prefersbly has a thickness of less than or equal {o 400 pm, prefer-
ably less than or equal 1o 330 um, also preferably less than or equal fo 250 pm, further prefera-
bly less than or equal to 210 pm, preferably less than or equal 1o 180 ym, also preferably less
than of equal to 150 pm. maore preferably fess than or equal to 130 pm, more preferably less
than or sgual fo- 100 pm, more preferably less than or egual o 80 um, more preferably less than
or equal 1o 7O um, further preferably lese than oregual to 88 uny; further prefarably less than or
equal to 30 um, sven preferably less than or egual to 10 g, The thickness can be al least & um.
Such particularly thin layers are desired Tor various-applications as-described gbove. in paricy-
far, the thin thickness imparis flexibility on the fayer

According to an advantageous embodiment the inorganic materal layer, such-as a glass layer,
can he a flat layer andfor fexible layer andfor deformabie layer. A sl layer can for example be
an assentially plane or planar layer. Howsver, “flatl’ in the sense of the nventions alse includes
articles deformable or defarmed in two o three dimensions. i is preferred that the inorganic
material layer has a substantially uniformn thickness. The inorganic material layer may have a
{otal thickness variation (TTV) of not mors than 10 pm, or lass than S umor fessthan 1 ym.in
preferrad embodiments, at least the first inorganic material fayer fulfils this TTV requirernent. In
an embodiment at least one additional inorganic material laver doss not fulfil this embodimeant
but includes areas of reduced thickness therein. This provides for an increased flexibility'in the
additional inorganic material laver while having exeellent surface characteristics inthe first inor-
ganic matevial layar.

As mentioned bafors, the: inorganic material layer is preferably very thin. Inorganic materials,
particularly materials that have a cerfain brittleness, have a {endenoy to break upon strgssas, In
ordsr to raduce the tendency of the inorganic material layer 1o break this invention. provides
measwres that can be applied to the ihorganic material layer. Gengrally, the inorganic material
layer has two perallel primiary surfaces on opposing sides and an adges portion gonnecting the
two primary surfaces. In order to reduce the probabifity of breakage at least s part of the edge
portion comprises a convex cliinvaturs so that at least ang of the primary surfaces merges into
the part of the edge portion. The part of the edge porlion may have a curvelure with an arc
langth, which s at least 1430, atlsastU 1420, orat least 1710 of the thickiress of ths Inorganic ma-
terial layer: The part of the sdge portion may comprise indemiations in the form of grooves in the
area of the convex curvalrs. Thelangth of the grooves may bea graaler than thelr widihs andior
deptihs, By means of g plurality of grooves on the edge portion, any cracks that are present or
formed onthe surface of the edge portion influsnce sach stherso that the infensity of tension at
the tips of the cracks decraases so that overall stabiity of the layer Increases, Henoe, forming
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curvature as described above on the sdge portion of an inorganic material laver will increase
stability of the protective cover during bending or folding.

The depth of the grooves may be at least 10 nm and up to 5 pm, preferably up to 2 ym, or up to
1 wm. The grooves may be made by using an abrasive tool with @ respective grain size of the
abrasive medium, The part of the sdge portion that has convex curvalure can be attributed a
curvature radius, which is the radius of a circle fitted to the beginning, middle and end point of
the arc of the curvature. According 1o a preferred embodiment, this radius is at least 140, at
least 1/30, or at least 1/20 of the thickness of the inorganic material laver. For the stabifity of the
inorganic matetial layer sven greater radii are useful. Thus, the radius of the fitted circle may be
al lsast 110, or 15, or even half the thickness of the inorganic material layer. in other embodi-
ments, the radius of the fited circle may be larger thay the thickness of the inorganic malerial
laver.

tn cerlain embodiments, the part of the edyge portion may be adjacent fo an area of & primary
surface of the inorganic material layer. Where the part of the edge portion and area of primary
surface are adjacent to sach other the curvature radius may be smaller. I embodiments, the
angle between fangents of the part of the edge portion and an area of the primary surface adja
cent thareto may be.up to 45°, up to 209 or up to 107, By means of this smaller radius and edge
line is formed, where the slope of adjacent surfaces changes very quickly.

i order to reduce crack propagation in the inorganic material layer it is preferved that the
grooves arg oriented i different directions, such as-obliguely andlor perpandicularly to sach
ather. Grooves may cross each othear

Adhesion laver

The protective cover of this invention comprises an inorganic material fayer and an adhesion
layer. The gdhesion layer may serve to fix the protestive cover to a display of an elecironic de-
vics, or to promote adhesion of the protective cover to other parts of the display and/or to other
layers of the protective cover, such as an additional inorganic material layer, orone of more
polymer layars. o the case of a removable protective cover, before use the adhesion layer may
be covered by a cover shest, The cover sheet may be peeled off before attaching the protective
cover o the display of an electronic device. The cover sheeat may be made from a polymeric

malarial, such as a plastic matedal.

The adhesion layer may be located directly on the inorganic material layer. In cerfain embodi-
ments, a futher layer, or further layers may be disposed between adhesion layer and inorganic
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material layer, such as a polymer layer as described below and/or an additional adhasive layer
batween polymer tayer and inorganic layer, such as an OUA {optically cloar adhesives) layer
andfor sificons fayer. In other words, in an embodimant, the protective cover comprises the fol
fowing segquence of lavers: inorganic materis! laver, additional adhesive layer, polymer layer,
adhesion laysr. The adhesion layer may comprise or consist of a single layer, or a multi-layer
adhesive,

The adhesive strength-of the protective cover on a- display, stich as a palyimide display, of an
electronic-device is preferably in the range of from 0.01 N/25 mmfo 0.3 N/25 mm, preferably
from-0.03 N/25 mm to 28 N/25. mm, more preferred from Q.08 NE25 mm o (.26 N/25 mim.

The protsctive cover may be fixed to a display of an electronic device by means of the adhesion
layer, whareiln the adhesion layer fixes the inorganic material layer to the display of {he electron-
ic device sither directly or with at least one intermeadiate polymer layer. Where necessary, an
adhssion promolsr o bonding agentmay be used on the inomanic materiat andior the display
int order to secure the bonding of the ihorganic material with the display, or of the inorganic ma-
teriat to other laysre of the protective cover, such as g polymer layer and/or an additional tnor-
ganic material layver. Adhasion promoters suitable for that purpose are, for example, silficonss or
QCA, substituted sllansy or hexamethyidisiiazane but also spoxids coatings may be used.

Whan salecting the adhesion promotor as well as the adhesives and polymers for the oplional
podymise laver it has o' be assurad that they do not decrease the ransodssion of ight too muh,
Further, they preferably should possess g refractive index similar o that of the glass. As the
glass will be bent throughout its ifetime i is essential that the polymers affixed to ithave a vary
I tendency o crazing and siress whitening.

The adhesion layer may comprise or consist of adhesives, such as adhesive polymers. The
adhesives are preferably chosen from OCA, acrylates, methacrylates, polystyranes, siliconss
and epoxides. They may be of the pressure-sensitive type, reactive type, or hot mealt type. A
pressure sansitive lype has the advaniage that the protective cover may easily bereplaced in
case of 3 damage whils the other lypes provide a mote refiable bond! In s embodiment; the
adhesion tayer provides adhesion behwesn fayers of the protective cover, andfor structural sta-
bility to the protective cover. Many polymiars disclosed hereln are able {o provide these and oth~
er functions, such as thoss polymers disclosed herein as polymers of the polymer layst,

The adhssian layer preferably has a thickness, which is less thanthe thickness of the inorganic
roaerial layer. In case of g polymer laver present in the profactive cover, the adheson laysr is
preferabily thinner than the polymer layser as well, The thickness of the adhicsion layer is prefer
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ably in a range of less than 100 pum, less than 80 pm, less than 60 pm, less than 40 pm, or less
than 20 ym, or aven less than 10 um. The adheasion layer may be coated, printed, or laminated
o the inorganic material laver or the polymer layer. The adhesion layer may essentially com-
pletely cover the inorganic material layer or the polymer laver, Le. the adhesion layer may cover
the surface of the horganic material layer or the polymer layer to an extent of at least 50%, at
loast 80%, at laast 70%, al least 80%, at leagst 80%, al least 95%, or al least 86%,

Polymer laver

The profective cover of the invention may comprise & polymer laver between inorganic material
layer and adhasion layer. In an embodiment, the protective cover comprisas the inorganic mate~
rial layer, polymer layer and adhesion layer in exactly this segquence without any further layers in
hetwsen. iy an embodimant, there may be'a further layer befweean ihorganic material laver and
polymer layer comprising a bonding agent that facliitales bonding between the polymer of the
potymer layer and the inorganic material of the inorganic material layer.

Generally, the polymer of the polymer layer should have good compatibiiity with the inorganic
matarial and the adhesion layer. in preferred smbodiments, the water drop contact angle of the
polymer of the palymer layer differs to the water drop contact angle of the inorganic material by
less thah 30°, fess than 207, fess than 10°. The contact angle can be measured by using a
commercial contact angle testing machine.

The polymer intermediate layer will predominantly serve two purposes. On the one hand it will
provide the comparatively fragile inorganic laver with a mechanical reinforcement. And an the
ather hand & will function as o sectrily means by immobilizing the splinters and particles in cass
of & fracture of the inorganic laver, Hence, a very good adhesion to the inorganic material, l.e.
high pesling forces, is required as well as a goad tear propagation resistance and puncturs re-
sistance. Nevertheless, the adhesion layer should allow that the protective cover is pesled off
agaln from the display of the electronic device, e.g. In case of breakage of the inorganic material,
The polymers of the polymer layer are preferably selected from polystyrane (P5), poly{ethylene
{erephthalate} {(PET), ethylene glycol modified polyiethyiene {erephihalate) (PETG),
puly{ethylensvingl acetate) (EVA), polycarbonate (PL), polyimide (P, polyvinng chioride (PVC),
polyvinyl butyral {(FVB), thermoplastic polyurethanes {TRPU), or polv(methyl methacrylate)
{PMNMA), more preferably from polyvinyl butyral (PVB), themmoplastic polyurethanes (TPU), eth-
viene glycol modified poly{ethylens terephthalate) (PETG), poly(sthylenevinyl acelate) (EVA},
polycarbonate {FC), polyethylene {(PE), epoxy resin, of combinations thereof.
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The polymer layer can be laminated onlo the inorganic matenal layer: in another ambodiment,
the polvmer fayer can be coated onto the inorganic material layer. The polymer layer may es-
senfially complately covar the inorganic material layer, .e. the polymer layey eovers the surface
of the inorganic material layer fo an exient of at lgast 0%, al least 80%. at least T0%, af least
BO%, atleast Q0%, at least 95%, or at least 58%, oplionally with one or more additionat layers in
betwean,

According to an advantageous embodiment, the polymer layer bas a thickness of at least 1 um,
praferably of atleast 5 um, further preferably of at lsast 10 pm, more preferably of at least 20
um, maost preferably of at least 40 um io reach the desired resistance. An upper limit for the
thickneas of polyroesr layer could be 250 pum, 200 pm, 180 pmoor 100 pm.

The polymer layer can be laminated onto the inorganic-matenal layer, or itmay be printed or
coated. Lamination can be performed by diferent known methods.

in addition, or a8 an allermative (o the above-mentionsd polymers, the polymer matarial for the
polymer layer can be selecied for example from the group consisting of a silicone polymer, 8
sobgel polymer, polvearbonate (FC), polyethersulphong, polyvacrylate, polvimide {P, aninor
ganin silica/polymer hylwid, g cycloolefin copolymiar, & polyclefing a silicans resin, polyethyiens
(PR}, polypropylene, polypropylanaepolyviny chloride, polystyrene, styrene-acrylonitrile copaly-
mer, thermoplastic polyurethane resin (TPU}, polymethyl methacrylate (PMMA), sthylene-viny
acetate copolymer, polyethyleneg terephthalate (PET), polybutylene terephthalate, polyamide
{BA), polyacetal; polyphenyleneoxide, polvphanylanssulfide, fluotinated polymer, & chlorinated
polymar, ethyienedelrafiuoroethylens (ETFE), polvtetrafiuorosthylens (FTFE), polwvinyt chionde
{PVC), polyvinylidene chioride (PVDC), polyvinylidene flucride (PYDFY, polysthvlene naph-
thalate (PEN}, 8 terpolymer made of telrallurcethviens, aferpolymsr made of hexaflugropropyh
gne, and 3 {erpolyrer mads of vinylidene fluoride {THV) or polyurethans, or mixtures thersof.
The polymer layer can be applied onfo the inorganic material layer by any known mathed.

Acoording to an srbodiment, the polymer layer is coated onfo the inorganic material layer. The
coating of a protective faver can be applisd by any known coating method such gs chemicat
vapor deposition method (CVD), dip-coating, spin-coating, ink-jel, casting, screen printing,
painting and spraving. However, the invention is not imited te those: procedures. Sultable coat
ing materials gre also known in the art. For exanide they ¢an comprise a durpplastic reaction
resin that s g polymer selected from the group consisting of phenoplasts; phenol formaldehyds
reging, aminoplests, urea formaldehyde resing, melaming formaldshyde resing spoxide resing,

unsaturaied polyestar resing, vinyl ester resing, phenscrylate resins, diallyl phthalste resing,
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silicone resins, cross-finking polyurethane resins, polymethacrylate reaction resins, and poly-
acrylate reaction resins,

- Additional inorganic material lavers

The protective cover may comprise af least one additional inorganic material layer, such as a
gsecond ingrganic matedal layer. This additional layer may imparf more mechanical strength to
the protective caver. In an embodiment, the layer consists of glass In sceordance with the
above-described glass composition [ or i,

fn one embodiment, the additional inorganic material layer consisis of an alkali-containing glass,
such as alksli aluminasilicate glass, alkali silicale glass, alkall borosilicate glass, alkall alumino-
borosilicate glass, alkali boron glass, alkall germanate glass, alkali borogermanate glass, akkali
soda lme glass, and combinations thereof, The additional inorganic material layer is bendable
or even foldable. Generally, the outer layers of a pmiective cover are subject to tensile stresses
due to bending or folding, or impact siresses.

The thickness of the additional inorganic material layer may be fess than 700 um, less than 500
i, less than 300 pum, less than 280 pm, fess than 200 um, less than 150 pm, less than 100 um,
less than 75 um, less than 70-pm, less than 50 um, less than 30 um, or less than 18 pm. The
thicker the layer ig, the higher is the mechanical stabilly. The thinner the layer is, the higher is

its ability to bend and fold.

The additional inorganic material layer may have a Vickers hardness HVyune of from 400 1o 800
MPa. A toughened additional inorganic material fayer may have a Vickers hardness HVq s Of
from 4580 to 1000 MPa. An unioughened additional inorganic material layer gy have a Knoop
hardness MK e of from 380 to 7580 MPa. Atoughened additional inorganic material layer may
have a Knoop hardness HK; o of from 400 fo 800 MPa.

in certgin embadiments, the additional inorganic materiallayer may have athickness of less
than 8,175 mm, less than 0145 mm, less than (.1 mm, less than 0.07 mm, or even less than

.08 mmu.

For the-material of the additiona! inorganic material laver the same properties may be desired
as for the first inorganic matenial layer described, such as bending strength, alkall leaching fac-
for, and acid Jeaching factor,

i an smbodimant, the protective cover comprises an adhesion layer andfor & polymer layer
disposed between a first and a second norganic material layer.
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I an embodiment, the protective cover comprises a first inprganic msterial layer and a second
inorganic matariat with a polymer layer disposed betwesn the twa inorganic material layers, Ad-
hesion layers may further be disposed between polymer laver and each of the inorganic mateti-
al layers. The adhesion layer disposed between the first ihorganic malerial layer and the poly-
merlayer may be an OCAlayer. The adhesion layer disposed batween the second inorganic
material laver and the polymer layer may be a silicone layer.

The first inorganic material layer may be very thin, such as from 10 {o 150 um, or from 25 o 100
g, or from 30 to 70 pm, or about 50 um. This first inorganic material laver may ba chemically
toughened. Due o fis very low thickness, this layer may have very high flexibifity including the
abitity to bend and/or fold.

The second inorganic material layer may be thicker than the first inorganic material layer. It may
have a thickness ranging from 50 um 300 gm, or from 78 pm 10200 pm, or from 80 pmio
150 fim. The second inorganic layer is sufficiently flexible, but also provides the protective cover
with mechanical strength. in an embodiment, the second inorganic material layer is partof an
infoidable protective cover, Le. the second inorganic materal layer is on the side of the protee-
tive cover that is being stratched, when the oover is folded. Thicker glass is very sensitive to
comprassion and less sensitive 1o strefching. Thereby, # is possible {0 axploit the mechanical
strength of the second inorganic materal tayer and {o benefit from the firstinorganic matenal
fayers vary low thickness.

In an embodiment first and second inorganic material fayers may be faminated using one or
more adhesion layers andfor polymer layers. The first inorganic material layer may have 3
thickness of about 50 um, and the second ihorganic material laver may have a thickness of
about 100 ym. In another embodiment, the protective cover has exactly one inorganic msteral
layer which may be thicker than the first inorganic material laverin-a profective cover with more
than one inorganic material layer; in this embodiment the inorganic materiat flayer may have a
thickness of more than 100 um, or more than 120 pov.

The adhesion layer may comprise orconsist of a polvmer, such 33 one of ths polymers men-
tioned abave for the adhesion fayer and/or for the polymear fayer. The polymier layer may coni~
prise arconsist of & polymer, such as one of the polymers mentioned above for the polymer
layer. The adhesion andfor polymer layer may be very thin such as fess than 100 iy orless
than 70 urn, or less than 50 um, of less than 30 yny, orless than 18 ynor even jess than & ym.
This layer s usel to securely attach the first inorganic material layer to the second inorganic
material layer. Polymers in the adhesion layer may provids the layer with sufficlent Saxitiliy o
enabie the protective cover (o bend and fold. A sscond adhesion layer may be disposed on the
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atherside of the second Inorganic material layer 8o as to facilitate attachment of the protective
cover to the display andlor the slectronic device.

i order to incraase the ability of the first andfor second inorganic material layer to bend and fold
the layer may comprise one or more areas of reduced thickness, One or more areas of reduced
thickness may: be arranged at or in the vicinity of a bending axis. The bending axis extends at
the surface of the inorganic material layer, where the tensile stress peaks during bending. The
bending axis may be located inside the protective cover, &.g. extending in a width direction on
the surface of an inprganic material laver. Iy an-embodiment the areas of reduced thickness
may have an slongated shaps, te. a length which is much greater than a width of the area,
such as one or more grooves, gaps or furrows in the inorganic material. The areas of reduced
thickness may be cut or ground into the material. The areas of reduced thickness may be ori-
ented in a direction which is substantially paraliel {0 the bending axis andfor substantially per
pendicular to the longitudinal axis of the protective cover. The areas of reduced thickness may
be present on the side that faces towards the display andior the slectronic device so as o pro-
vide for the best effect on bendahility andior foldabilty of an infoldable protective cover, Inan
embodiment, the areas of reduced thickness may be arranged on side of the inorganic material
layer that faces away from an interface of the first inorganic material layer and the surrounding

Ll

The first andfor second inorganic material laysr may have a plurglity of areas of reduced thick-
ness in the form of grooves, furrows or gaps onented subsiantially parallel to the bending axis of
the respective fayer. A plurality may include at least 2, at least 4, at leasi 8, at lsast 10, at least
15 orat least 20 areas of reduced thickness. in an embodiment, the grooves, gaps or furrows
have a very small width, such as a maximum width of less than 1 mwn, or less than 100 um, or
foss than 10 um, or less than 1 pm, or less than 0.4 pry, or less than 0.2 pm, Very thin areas of
raduced thickness may be almost invisible to the user of the protective cover. The arsas of re-
duced thickness, such as the grooves, gaps or furrows may exiend over a portion of at least
40% of the width of the respective inorganic matertal laver, or at least 80%, or at least 80% orat
least 80% of the layer. Inan embodiment, one or more or all of the gaps, furrows or grooves
extend over the whole width of the respective layer. In the case of gaps, this will resultin g
segmamiation of the first andior ssuond inorganic material laysr, whersin the different segments
form elongated bars of norganic malerial separated by {he gaps. This may provide sxeelient
fiaxibility and bendability. A polymer andior adhesion fayer may kssp the bars in place.

This invention includes embodiments of protective covers that have exactly one inorganic mate-
ral layer. In thess embodiments, one or mure areas of reduced thickngss as described hersin
miay be prasent in the ong inorganic matenial layer. in embodiments with enly ons inorganic ma-
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terial fayer the ong layer may be thicker than in protective covers with more than one inorganic
material layer, such as more than 100 um, or more than 120 am.

in anembodiment, the firstand/or second Inorganic material layer may comprise anarea of
reduced thickness that is characterized by & continuous reduction of thickness of the second
inorganic malerial in the direction of the bending axis, wherein gt the bending axis the smallest
thickness may be achisved. Thereby, the bendability is highest at the bending axis where bend-
ing Is requiired, The highest thickness may be at'a portion of the second incrganic material fayer
that is farthest from the bending axis.

Thickaess reduction may be achisved-e.g. by polishing, scoring. culling {e.q. laser cutling),
grinding sndfor by efching. Optionally, any grinding and/or culling may be followed by efching
the resuliing grooves, furrows; cracks andfor indentations: Etching i sultable to smoothen any
cracks or sharp edges s s (o make the faver less susceptible to damages.

In another embodiment, the protective cover may comprise a single ihorganic laver having a
relatively larger thickness, such as from 100um o 300 gmy or from 188 ymie 250 pm, of from
175 un o 225 um. The first inorganic layer may have animproved bendability by incorporation
of areas of raduced thickness as described above. Areas of reduced thickness and improved
bendability may include areas having a thickness of less than 100 pm, such as less than 70 um,
such as less than:50 um, or less than 30 pon. These areas may exdend over a ceniral part of the
inorganic material layer that corresponds o the area of the bending axis. The area may for ex-
ampls cover from 1% 1o 10% of the inorganic material layer andior the protective cover,

Generally, arsas of reduced thickness may lead to breakage of an inorganic material layer. This
may be an intended effect. If the Incrganic material layer or the parts of the inorganic material
tayer obitained after breakage are securely altached by the adhesion layer andfor polymer layer
s0 that they remain in place after breakage. An smbodiment that causes an inorganic material
laver to break upon first bending has the advarniags that the protective cover will have almost
unlimited Hexibility, iy this context it would be useful fo have a very thin and straight arsa of re-
duced thickness where the inorganic materia! fayer may break so as {o producs only a very thin
and straight gap inthe matsrial after breakays in order not 1o produce & cover that appears bro-
kan. This can be achieved a.g. by scoring.

I the case of grooves, or furrows the areas of reduced thickness may be cut inte the inorganic
matarial layver by scorng. An advaniagsnus way of scoring the areas of reduced thickness is
described in US 2017/0217817 A1, which is incorporated in this document by reference as if
fully set forth hevein, Additionally or altematively, scoring may be done using the scoring method
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as described in US 2016/0185647 A1, which is incorporated in this document by reference as if
fully set forth harein. Additionally or alternatively, scoring may be dane using the scoring method
as described in US 2016/01525808 A1, which is incorporated in this document by reference as if
fully set forth herein, The scoring methods are parliculary useful to produce areas of reduced
thickness that lead to breakage of the inorganic material layer upon first bending. In embodi-
ments in may be desired {o provoke breakage along the scoring line before first bending the
profective cover. in this case the scoring lines can be forcad to break by adding & liguid, such as
an alcohol into the scoring Bnes and heating fo cause the inorganic material to break along the
sooring lines. This method leads to vary thin gaps that are sssentially invisible with the naked
sye

In an embodiment, the areas of reduced thickness are gaps in the inorganic malerial. These
gaps can be formed by scoring the inorganic material, and forming a gap in the inorganic mate-
rial along the scoring lines, s.g. using » liguid as described above. Also, gaps may be formed
using laser cutling as mentioned above,

The areas of reduced thickness may be parlially or completely filled with a material of similar
refractive index 1y, such as a material having a refractive index that differs from the refractive
index of the inorganic material by not more than 0.3, or not more than 0.2, or not more than 0.1,
Keeping the refractive index in that range wilt improve the optical appearance of the protective
cover. Sultable materals may be selected from the malerials mentioned above for the polymer

andior adhesion layer.

Production of protective cover

The invention alse provides @ method of waking a protective cover according to this lnvention,

comprising the steps
- providing an inorganic matenial laver,
“ attaching an adhesion layer on the inorganic matsrial layer,

Altaching the adhesion layer to the inorganic material laver may include coating the inorganic
material layer with an adhasion layer. Where the protective cover comprises a polviner layer,
the adhesion layer may be altached to the polymer laysr, or coated {0 the polymer-layer. Where
the protective cover comprises any additional inorganic material layer, the adhesion layer may
be attached lo the additional inorganic material layer, or coated to the addifional norganic mate-
rial layer. The polymer layer may be coated to the first andior any additional inorganic material
layer or it may be laminated fo the inorganic matatial laver. The polymer laver may be attached
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or coated to the inorganic material laver directly or indirectly. An intermediate layer such as an
additional adhesive laver, e.g. an OCA layer, may be altached or coated o the inorganic layer
and/or the polymer layer. Any known coating methiod may be used for coating such as chemical
vapor deposition method (CVD). dip-coating, spin-coating, ink-jet, casting, screan printing,
painting and spraying.

A preferred method includes e step of providing one or more inorganic material lavers by se-
lecting inorganic material layers on the basis of desired parameters given herein, such as those
measured according o the sandpaper press test and/or the sandpaper ball drop test discussed
above,

Freferably, the inorganic material layer or layers in the profective cover of the invention canbe
glass layers, suchﬁas an ultrathin glass {UTG) layer Such laver could be produced by polishing
down from thicker glass: However, this method is not gconomical and leads 1o bad surface gual
ity which is guantified by R, roughness for example.

Direct hot-forming production like down draw or ovarflow fusion method are preferred for the
mass production. The redraw method is also advantageous. These mentioned methods are
economical and the glass surface quality is high and glass with thickness from & pm {or sven
fess) 1o 800 pm could be produced. For exampls, the down-draw/overiinw fusion method make
pristine or fre-polished surfaces with roughness R, lsse than & nim, lessdhan 2 om, or less than
1 nm. The thickness could also be precisely cantrofied ranging from S uni and 500 um. The thin
thickness grants the glass flexibility. The special flost process could praduce glass with pristine
surfaces, it is economical and sutabla for mass production too; but the glass produced by float-
ing has one fin-side which is diferent fram the other side. The difference batween two sides
would cause warp of glass after chemical toughening, and affect any printing or coating process
because the two sides have different surface snergy. Another variant of glass layers can be
produced by sawing glass arlicles out of a thick glass ingot, bar, block sic.

Cplicnal strengthening, also called toughening, can be dons by immersing glass inlo g molten
salt bath with potassium ions or cover the glass with @ paste containing potassium lans or other
alkaline metalions and-heat it to high-{temperatures for a certain time. The alkaline metalions
withy farger fon radius in the salt bath or the paste exchange with alkaline metal jonswith smaller

radius in the glass layer, and surface compraasive strass ie formed due fo fon sxchange.

A chamically toughensed glass layver that can be used as an ihorganic materia layer is oblained
by chemically toughsning s chemically toughenalde glass laysr. The toughening process may
be dong by immersing the glass layer into a sall bath which contaling monovalent jons fo ex-
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change with alkali fons inside the glass. The monovalent fons in the salt hath have radii larger
than alkali ions inside glass. A compressive stress 1o the glass is built up after jor-exchange
due o farger ions squeezing in the glass network. After ths jon-exchange, the strength and fax-
ibility of glass are surprisingly and significantly improved. in addition, the CS induced by chemi-
cal toughening improves the bending properties of the toughened glass layer and could in-
crease sorateh resistance of glass,

The most frequently used sall bath for chemical toughening is Na“-containing or iC-containing
molten salt or & mixture thereaf, Commonly used salts are NaNQ;, KN, Nall, KCIL K80,
Na,S04, NaCO4 and K,CO,. Additives like NaOH, KOH and other sodium salt or potassium
salt may be used for better contralling the speed of ipn-exchange, C% and Dol duting chemical
toughening. Ag -containing or Cu* -containing salt bath could be used to add anti-microbial
function to the glass.

The chemical foughening is not limited 0 a single step. B can include multi steps in one or more
salt baths with alkaline metal fons of various concentrations to reach better toughening perfor-
mance. Thus, the chamically toughened glass layer can be {oughened in one step or in the

course of several steps, 8.4, two steps.

A chemically toughened glass layer may have just one surface {first surface) where & compras-
sive stress region exdending from the first surface to: g first depily in the glass layer exists,
wherein the region is defined by a compressive stress, In this case the glass fayer caomprises
only ans toughened side, which in the case of the protective cover of the invertion may be the
side facing away from the adhesion layer, Praferably the glass layer may comprise a second
compressive siress region exiending from the second surface 1o a second depth in the glass
laver (Dol the region is defined by a comprassive stress whetain the swface comprassive
stress (C8) at the second surface is at least 100 MPa. The second surface is focated oppaosite
to the first surface. Thus this preferred glass layer is toughened on both sides.

Comprassive stress {C8) mostly depeands on the composition of glass. Higher content AL, can
be halpful {0 achisvs higher compressive stress. To reach balanced glass hot-forming capabili-
ties and chemical ioughening performance, the suriace compressive stress is preferably below
1200 MPa. After toughening, the glass should have high enough compressive stress io achiave
high strength. Therefore, preferably surface compressive stress at the first surface andlor at the
second surface is equal to or more than 100 MPa, preferably equal 1o or more than 200 MPa,
mare preferably equal {o or mors than 300 MPa, also preferably equal to or more than 400 MPa,
further praferably equal to of more than 500 MPa. In especially preferred smbodiments surface
compressive stress is egual {o or more than 800 MPa, further preferably equal 1o or more than
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700 MPa, more preferably squal to or more than 800 MPa. Of course the C8 at the first surface
and the CS st the second surface cah be essentially-the same of can be different.

Generally, Dol depends on glass composifian, but It can increase nearly infinitely with in-
creasad toughening time and toughening temperaturs. A defined Dol s imporiant to ansure the
stable strength of foughened glass, but too Mgh Dol increases the salf-breakage ratio and the
strength performance when the inorganic material laver is undsr comprassive strass.

So according to a variant of the invention Dol may be controlied fo be quite low (low Dol vari-
ant). To achieve the defined low Dol. the toughening tempearature andfor the foughening time
isfare reduced. According o the invention, & lower fougheaning temperature may be preferred as
Dol is more sensitive to the lemperature and a longey toughening time is sasily $o be set during
mass production. However, 3 reduced toughening time ia also possible it order o decrease
Dol. of the glass layer,

The present inventors have found that it will be advantageous for the stress profile of the glass
layer if the glass fayer has g Dol {in pm) in a range of 0.5 ym to 150°0CS um (f given in pm, C8
= figure of surface compressive stress {given in MPa)) measured af a first surface). Praferably
the glass layer hasa Dol (v pm) in a range of 0.5 ym {0 1207008 um, prefemed Tum o

1200 CS pm (D givenvin pm, 08 = figure of surface compressive stress (given in MPs) meas-
ured at a first swrface)), further preferably a Dol {n umdina range of 0.8 um o SOWOS um,
preferred 1 um to 90°YCS um { given in um, T8 = figure of surface compressive stress {given
in MPa)) measured at a first surface). Some advaniageons embodiments may have a Dok {in
pm) in a range of 0.5 um fo S0YWCS um, preferred 1 pm to 80WCS um {E given in gm, CF = fig-
ure of sirface comprassive stress (given in MPa) measured at a first surface)). Other advanta-
geous embodimants may have a Dol {in pm) v a range of 0.5 prn to 45™WCS8 um, preferred 1
prvs to 487HOS um 4 given in uim, 8 = figurs of surfacs comprassive stress {given in MPa)
measured at a first surface}). Uther advantageous embodimenis may have a Dol (i pmdina
range of 0.5 pm to ZTUCSE pm, preferred 1 pns o 37WES pm { given i pm, 8 = figure of sur-
face comprassive siress {given in MPa} measured &t a first swrface)). In the ghove given calou-
lations "x *YCS" means that x is multiplied by the thickness of the glass layer and divided by the
figure of the measured- swiface C8 whareln )wean ba- 180, 120, 90, 80, 45, or 37.

The advantageous vakie of Dol depends i each case on the glass compuasition, the thickness
and applied 8 of the respective glass Jaysr. In general, glass layers according to the above
mertioned advantageous embadiments-have a guite-low Dol By decreasing the Dol the COT
decreases. If high press force is applied on such embodiments by sharp objecis, the caused
defects wilt just be on the gldss surface: Bince the CT leredyced significanily the caused defect
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is not able to overcome the internal strenath of the alass layer, and thus the glass laver does
not break into two or several pieces. Such a glass layer with low Dol has an improved sharp
press resistance.

According to another variant of the invention the Dol. of the glass tayer may be guite high thigh
Dol vaniant). it can be advaniageous if the glass layer has a Dol{in um} in a range of 27UCS
o O.8% um {t given in gm, CF = figure of surface compressive stress {given in MPa) meas-
ured at & first surface), preferably a Dol {in ymy in a range of 45™WCE um to 0.45% um (t given
in ym, 8 = figure of surface compressive stress {given in MPa) measured at a first surface),
more preferably a Dok (in ym) in a range of 80™VCS pm to 0.4™ um {{ given in pm, C8 = figure
of suiface comprassive siress {given in MPa) msasured at & first surface), more preferably 8
Dol {in um} in 3 range of 30°VCE um to 0.35% pm {t given in um, C8 = figure of surface com-
prassive stress {given in MPa) measured at a first surface). In the above given calculations "y
“YCS" means that v is multiplied by the thickness of the glass layer and divided by the figurs of
the measured surface CS wherein v can be 27, 45, 60, or 80. "z *{" means that £ is mulliplied by
the thickness of the glass layer whatein 2z can be 0.5, 0:45; 0.4, or 8.35. In-order to achleve a
baltanced strass profife such glass layer may comprise a coated andior lamingted layer, The
coated layer andfor laminated layer can resist defecis of scratches induced on the glass surface
by sharp objects even if the Dol of the glass layer is gquite high. Thus the inventors have found
that alternative {o lowering Dol., depositing a coating and/or laminating a polymer fayar on gne
or both surfaces of the glass layer ¢an be applied inorder toincrease the sharp contact re-
sistance. Of course a glass layer having a low Dol can comprise a costed layer andfor laminat
ed layer tao.

According to an advantageous embodiment of the invention the toughened glass layer has a CT
of tegs than or equal 10 200 MPa, more preferably less than o agus o 1580 MPa, more prafera-
bly less than or egual to 120 MPa, more preferably lass than or equal to 100 MPa. Same advan-
{ageous embodimants can have a CT of less than or equal o 85 MPa. Other advaniagsous
embodiments can have a CT of less than or squal to 45 MPa. Some varianis may even have a
CT of less than or equal to 25 MPa. These CT values are especially advantageous for glass
lsyers balonging to the low Dol variant.

Because of the low Dol those glass layers have a decreased intemal CT. Dscreased O highly
influsnces the press resistance of the toughened glass layer. Even if sharp and hard objects
damage the toughened surface of a glass layer having a quite low CT the layer does not break
as the internal strangth of the glass structure cannot be overcoms by the low CT.
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Alternatively, it may be advantagsous for glass lavers belonging to & high Dol variant if they
have a central tansiie stress {CT) of more than or equal to 27 MPa, further prefarably more than
or equal to 45 MPa, further preferably more than or equal fo 85 MPa, further preferably more
thanor equalto 100 MPa.

As mantioned above C8, Doloand CT depends on the glass composition {glass type), glass
thickness and toughsning conditions.

Brief description of the drawings

FiG. 1 ghows an ylira-thin glass (UTG) that can be used as inorganic layer in the profec-

tive cover of this invention,

FiG, 2 shows @ protective caver Iy accardance with a preferred embodiment of the in-
vention,

FIG. 3 llustrates the banding behavior of an inorganic layer withoul any further [ayers.

FiG. 4 llusirates the bending behavior of an inorganic laver with an adhesion layer.

FIG. & shows the {est setup for performing the pen drop test for an unbent profective
caver,

FIG. 6 shows the test setup for performing the pen.drop test {or a bent proteciive cover,

FIG. ¥ shows any sxample of an inorganic material layer with areas of reduced thickness,

FIG. 8 shows an exampla of an inorganic material layer with an area of reduced thick-
ness.

Figure 1 shows-a laverof ulta-thin glass that can be used as inorganic layer 2. including a hau-
tral plane &. By definition, the neudral plane is a plane within the protective cover that has the
sane length after bending as before bending. In preferrsd ermbodiments, the neutral plane is
positioned within the inorganic layer, the polymer layer, andfor the adhesion layer. In preferred
embodiments, the neulral plang s positioned in'the divection of the adhesion laver with regard
o a middle plang of the inorganic layer. The inorganic layer 2 in this figure is showr inan un-

bant state.
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Figure 2 shows a protective cover 1 in accordance with a preferred embodiment of the invention.
The protective cover 1 has an inorganic fayer 2 which may be a glass layer. An optional polymer
layer 4 such as a polyethylene layer may be attached to the inorganic layer 2 using an optically
clear adhesive (QTA} layer 8. A further adhesion layer 3 may be formed using silicone which is
suitable for removably alfaching the protective cover 1 to an electronic device such as a
smartphone. In @ preferred embodiment, the overall thickness of QUA layer 8, polymer layer 4
and adhesion Jayer 3 add up to about 0.1 mm, preferably from 75 1o 125 pm.

Figure 3 shows an inorganic layer 2 being beni. The layer has a thickness t. The outer surface
is the tension surface 8, which is elongated due fo the fension stress. The inner surface is the
compression surface 7, which is shorlened due 1o comprassion. The neutral plane 5 is shifted
towards the compression sutface 7,

Figure 4 shows 3 similar situation as Figure 3, wherein the neutral plane is shified sven more
when an adhesion layer 3 is present on the inorganic layer 2. The neulral plane should not
move out of the compression surface 7 of the inorganic material layer 2 because i it did, a
comprassive force would be exerted on the inorganic fayer 2, which might have negative con-
segusnces such as an exdernal force on the cover glass and display. Thersfore, the slrain of the
tension surface § may be less than 4% by calculating the curve arsa as shown in Figures 3 and
4.

Figure 5 shows the pen drop set up for unbent protective covers, A protective cover includes an
inorganic fayer 2 and an adhesion layer 3. The adhasion layer 3 is indirectly attached fo the in-
organic fayer 2 by intermediate layers, namely an additional adhasion layer in the form of OCA
layer 8, and a polymer layer 4. The adhasion layer 3 is altached o a stesl plate 11 A balk-point
pen drop is performed. To simplify the resulls, a 0.5 mm thick steel plate 11 is replaced as the
flexible smariphone. The weight of the ball-point pen is around 8 g. The ball of the pen 12 mads
of tungsten carbide has a radius of 0.35 mm. The pen drop starts from a height of 10 mm. The
height is increased until the protective cover breaks. The greatest height at which the inorganic
layer 2 does niot break after pen drop is the pen drop height. 30 places of the protective cover
are lested and the averags pen drop heighl is recorded.

Flgure § shows tha% pen drop set up for curved o bent protective covers. A profective cover in-
cludes an incsrgani{: layer 2 and an adhesion layer 3. The adhesion layer 3 is fixed to the inor-
ganic layer 2. The adhesion fayer 3 is altached to g steei plate 11. A ball-point pen drop is per
formed. To simplify the resulis, a 8.5 mm thick steel plate 11 is replaced as the flexible
smiartphone. The weight of the ball-point pen is around 5 g. The ball of the pen 12 made of
tungsten carbide has g radius of 8.35 mm. The bending radius is 4 nun, The pan drop statts
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from a height of § mm. The height s increased until the protective cover breaks. The greatest
height at which the inorganic layer 2 does not break afler pen drop is the pen drop height. 30
piaces of the protective cover are tested and the average pen drop height is recorded.

Figure 7 shows an inorganic material layer 2 that can be used as an additional inorganic mate-
vial layer inembodiments of this invention, such as a secand inorganic material layer, or a first
inorganic material layer. The folfowing description of the figure is not limited o the specilic em-
bodiment shown, but may apply to all embodiments of this invention with one or more aregs of
reduced thickness. The ingrganic material layer 2 may also be used as the only inorganic mate-
rial fayer in protective covers that have exactly one inorganic material layer. The inorganic mate-
rial layer 2 has a plurality of sreas of raduced thickness 13 in the form of grooves or furrows.
These areas provide flaxibility 1o the inorganic material layver. Theareas of reduced thickness
cah be disposed on the side facing towards the glectronic device andior an adhesion layer 50
as {o preserve the smooth sirface of the inorganic materisl layer at g laverair interface. The
areas of reduced thickness can optionally be filled with an slastic matenal such as & polymer
matarial, e.g. an epcoy resin— of any other material described above for a polymer layer, 50 as
o preserve the impact registance of the inorganic material laver andfor o mainiaingood optical
appearance. The filling material may have a similar refractive index nyas the incrganic material,
such as a refractive index that differs from the refractive index of the inorganic material by not
more than 0.3, or not more than 0.2, or not more than .1, Keeping the refractive indein that
range will improve the optical. appearance of the protective cover. An adhesion laver may cover
the areas of reduced thickness to faciifiate attachment of the inorgapic material lgyer to any fure
ther ayer or a display or an elecironic device. The arsas of reduced thickness may provide ex-
cellent flexibility andior bandability.

Inan allernative embodiment, the grooves or furrows extend aill the way through of the first
andior second norganic material layer i the thickness direction, thereby forming gaps inthe
respective laver,

Figure 8 shows another sxample of first or second inorganic material layer 2 withvany areg of
reduced thickness 13 The lollowing description of the figure is nob limited {o the specific embod-
imant shown, but may apply {o st embodiments of this Invention with one or more areas of re-
duced thickness. The inorganic maternial layer 2 may also be used as the only ihorganic material
layer in protective covers thal have exactly one inovrganic material layer. The loweast thickness
may be subsiantially where the bending axis Is. In this case the grea of reduced thickness gan
be prepared by etching. The etched part can have a reclangular shape or otherconcave shape,
The area of reduced thickness may be arc-shapad as shown iIn the figure, Arc-shaped arsas of
reduced thickness are less susceptible to breakags compared to reclanguiar sreas of reduced
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thickness. In embodiments, an arc-shaped area of reduced thickness has a cross-sectional
shape along 3 cutling plane perpendicular to the bending axis of the inorganic material layer,
which has the approximate shape of a semi-circle, wherein *semi-circle” includes ciroular seg-
ments of from 10%, or fram 20% or from 30% or from 40% 1o about 80% of the periphery of the
raspective circle. [n an embodiment, “semi-circdde” relates o a circular segment of about 80% of
the periphery of the respective circle, In other embodiments, the arc-shaped areg of reduced
fhickness has a cross-sectionat shape along a culting plane perpendicular to the bending axis
of the inorganic material layer, which has the approximats shape of a semi-eflipse, whersin
“sami-elfipse” includes segments of fram 10%, or from 20% or from 30% or from 40% to about
60% of the periphery of the respective ellipse. In an embodiment, "semi-ellipse” relates fo a
segment of about 50% of the periphery of the respactive ellipse. The ellipse has a semianajor
axis and a semi-mingr axis; In an embodiment, the semi-minoraxis is oriented in the thicknass
direction of the inorganic material layer and the semi-major axis is orfented paraliel to the sur-
face of the inprganic material layer, Jnan allernative embodiment, the semianajor axis s ordent-
ad in the thicknsss dirgclion of the Inorganic matenal layer and the sembminor axis is arlented
parallel fo the surface of the inorganic material Jayer. The semi-major axis may have alength of
at least 1.1°mi, or at jeast 1.3%mi. or at least 1.5"mi or at least 1.8"mi, or even at least Z*miorat
least 3%mi, wherein mi is the length of the semi-minor axis of the ellipse.

The areas of reduced thickness may be rim-traated. The rims of the areas of reduced thickness
are where the redyced thickness area meets the surface of the inprganic material layer. Rim-
freaiment may Include siching so that rounded rims are obtained. These rounded rims improve
stability of the inorganic material and may avoid breakage in case a rim touches the opposing
side of the ingrganic matetial laver during bending,

The area of reduced thicknass may extend ovar the whole width of the respective inorganic ma-
terial layer paraliet to the bending axis, thereby providing sxcellent flexibility andfor bendability,
The ares of reducad thickness may have an extension in a direction perpendicular to the bend-
ing axis and paralle! {o the surface of the inorganic material layer of at least “r, wherein rig
the breakage bending radius of the inorganic materal layer without the area of reduced thick-
ness, &.g. prior to elching an ares of raduced thickness.

The inorganic material layer has a maximum thickngss reduction, where # has the smallest
thickness, and a halfamaximuem thickness reduction, whers the thickness of the horganic mate-
rial fayer is raduced 1o an extent of 50% relative fo the maximum thickness reduction present in
the same inorganic material layer. In an embodiment, the minimum distance between an area of
maximun thickness reduction and half-maximur thickness reduction within one area ol re-
duced thickness is at least w ™ #/2, wharein v ls the breakage bending radius of the inorganic
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material layer without the area of reduced thickness, Such an article will have excallent benda-
bility and/or foldability because the arsa of reduced thickness takes into account the bending
behavior of the inorganic material layer. In embodiments of this invention, the maximum thick-
ness reduction s where bending of the inorganic material layer ooours, Le. at the bending axis.
in embodimeants with more than one inorganic material layer the maximum thickness reduction
may amount 10-100% of the: original thickness of the layer, ke it may form a gap in the inorganic
material layer,

Generally, the nyaximum thickness reduction may be up to B80S, or up to.80%, or up to 80% of
the criginal thickness of the respective layer. Generally, the maximum thickness reduction may
be at least 10%, or at least 30%, or at least 40% of the original thickness of the respective layer,

Praferably, the maximum thickness reduction is whare the maxdmum lensile strass cocurs duss
ing bending. The areas of reduced thickness will preferably be disposed on the comprassion
swrface of the inorganic material laver, while the lensile sfrsas oocurs on the opposiie sids (ten-
sion surface). The tensile strass on the tension suface is highest whers bending takes placa.
Tensile stress decreases with increasing distance from the bending axis. Preferably, the same
fs true for the thickness reduction. In preferred embodiments, the relative local tensile stress {in
peroant refative to the maximum tensile stress) at a given location ony the tension surface of the
inorganic material laysr corresponds to the refative thickness reduction at ihat location {iy per-
cent relative to the maximum thickness reduction). For example, the tensile stress during bend-
ing may be highest where the fension surfacs is closest to the bending axis, L.e. the spot whare
the inorganic material fayer preferably has the lowest thickness (the maximum thickness redue-
tion}. In preferred smbodiments, the tensile stress at the tension surface is about 50% {Le. 48%
fo B53%) of the maximum tensiie siress, where the inorganic material layer has @ half-maxkimum
thickness reduction.

Praferably, the relative local thickness reduction i percent is sssentially the same as the rele
five local tensite strass in percent at a given focation an the lension surface of the inorganic ma-
terial faver during bending, wherein bending inciudes behding the protective goverup to the
breakage bending radivs. In this context “essentially the same” means that the ratio of relative
local tensile strass (i %) o relative local thickness reduction (in %) is from 0.8:1 fo 1.2:1, pref-
erably from §.9:1 to 1,14, in particular from 0.95:1 1o 1.05:1. Preferably, the relative local thick~
ness reduction is assentially the same as the relative local tensile stress at every location on the
tension surface of the lnorganic material layer during bending, wherein banding includes bend-
ing the protactive cover up lo the breaskage bending radius.
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List of reference signs

1 profective cover

2 inorganic msterial layer
3 adhesion layer

4 polymer layer

5 neutral plans

6] tension surface

~3

compression surface

8 optically clsar adhesive
1 steal plate

12 pen

13 area of reduced thickness

55

PCT/CN2018/085283



WO 2019/085422 PCT/CN2018/085283

Examples
Exanple 1

A pen drop test is perfarmed on a profective cover accarding to a praferred embodiment of this
invention. The testwas performed as described above with reference 1o Figure 8

A protective cover film included 0.07 mm ulirathin alumosilicate glasy a3 the inorganic material
layer, an OCA adhesion layar, a polymer jayer of PE and an adhesive fayer of sificons. The total
thickness of polymer layer, adhesion jayer and silicane layer was 0,128 mun. The silicone side is
giuad on the inorganic material taver. The OCA adhesion laver is Tor the lamination-with flexible
smarphones. The average CS and Dol of the protective cover film are 850 MPa and 10 um,
respactively. A ball-point pen drop s performed, 30 pieces of the protactive cover were tesiad
and the average pen drop height was around 50 mm. In addition, a bending testis petformed.
30 pleces of the proteciive cover were tested with a bending radius of 5 mim. All profective co-
vars can pass 100,000 times with g bending speed of 80 Bmesimin at the room lempstaturs
with & hunidiy of 30%.

Example 2

& pen drop test is performed on & curved protective cover according to-a preferred smbodiment

of this invantion. The {est was performed as described ahove with reference to Figure 8.

A protective cover film included Q.07 mm ultrathin alumosilicate glass as-the inorganic material
layer, an OCA adhesion laver; a polymer layer of PE and an adhesive layer of siiicane. The tolal
thickness of polymer layer, adhesion layer and silicone layer was 0,125 mm, The silicone side is
glued on the inorganic material layer, The QCA adhesion layer is for the lamination with flexible
smartphones. The average CF and Dol of the protective cover film are 700 MPa and 8 pm,
respectively. A ball-point pen drop is performed. The bending radius was 4 num. 30 pleces of the
profective cover wers tested and the average pen drop helght was around 80 mim,

Example 3

A pen dropiest is performed on g proteciive cover acsording 10 a preferred embodimeant of this
invention. Ths test was perfarmead as described above with referance fo Figure §

A protective cover film included 031 min ulirathin alumoesilicate glass as the ingrganic matenial
layer, an OCA adhasion layear, & polymer layer of PE and an adhesive tayver of gilicone. The cen-
iral past of the ultrgthin glass ia siched by HF acid and theremoved thickness is 013 mm, The
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tolal thicknsss of polymer layer, adhesion layer and silicone layer was 0,128 mm. The silicone
side is glued on the inorganic material layer. The QUA adhesion layer is sufable for the lamina-
fion with flexible smartphones, The average G5 and Dol of the protective cover filtn are

800 MPa and 10 um, respectively. Therefore, the protective cover film can bend with a bending
radius of 8 mn at the etched part. A ball-point pen drop is pesformed on the thick part. 30 plec-
es of the protective cover were tested and the average pen drop height was around 80 mm.
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Claims

>4

18

.

12

Protective cover comprising at lsast one transparent inorganic material layer, and at
feast one transparent adhesion fayer.

Protective cover according to claim 1. comprising at least one polymer layer disposad
betwesn transparent inorganic matedal layer and adhesion layer.

Frotective cover according 1o claime 1 0r 2, whersin the diference in refractive index nd
of inorganic material layer and adhasion fayer is less than 0.3

Protective cover according to at least ane of the preceding claims, wherein the cosfii-
cient of thermal expansion of the inorganic material layer is from 1 10 10 pprvK.

Protective cover according to af least one of the preceding claims 2 to 4, whersin the
coefficient of thermal expansion of the polymer laver is from 1 to 15 pprvK.

Frotective cover according 1o at lsast one of the preceding claims 2 o §, wherein the
difference in CTE between inorganic material layer and polymer layer, and/or between
inorganic matenal laver and adhesion layer is less than 15 ppn/K.

Protective cover according 1o at least one of the preceding claims, wherain the thickness
of the inorganic material layer is less than 250 pm.

Protective cover according to at least one of the preceding claims 2 to 7, wherein the
thickness of the polymer layer is less than 280 um.

Protective cover according to at least ong of the praceding claims, whersin the thickness
of the adhesion layer is less than 100 am.

Protective cover according to al least one of the preceding claims, wherein the inorganic
material fayer comprises & glass or & glass ceramic, or consists of a glass or g glass ce-

rarric,

Protective cover according 10 at least one of the preceding claims, wherein the adhesion
laver comprisas adhesives selected from the group consisting of QCA, acryiates, meth-
acrylates, polystyrenes, silicones, epoxides and mixtures thereod

Frotective cover according to at lsast ane of the preceding clatms 2 to 11, wherein the
polymer layer comprises at lzast one polymer sefected from the group consisting of pob-
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13

14,

18.

17

ystyrene (PS), poly{ethylene lerephthalate) (PET), ethylene glycol modified
pohyathylane terephthalale) (PETG), poly{sthylene-vivyl acstate) (EVA), polycarbonate
{(FC), polyimide (P, polyvinyt chloride (PVC), polyviny! butyral {PVB}, thermoplastic pok
yurethanes (TP, or poly{msthyl methacrylate) (PMMA), more preferably from pobyving
butyral {PVE), thermoplastic polyurethanes (TPU), ethylene giveol modified
poly(ethylens terephthalate) (PETG), poly{sthylene-vinyl acetate} {(EVA), polycarbiorate
{PC), polyethylene (PE) and combinations thereof.

Protective cover according o at least one of the preceding claims 2 to 11, wherein the
polymer layer comprises at least one palymer selected from the group consisting of & sil-
icone pofymer, a solge! polymer, polyearbonats {PC), polvethiersulphone, polyacrylate,
polyimide (P}, an inorganic sifica/polymer hybrid, a cyclooletin copolymer, a polyolefin, a
silicone resin, polysthylene (PE), polypropylene, polypropylenapolyvingd chloride, poly-
styrene, styrens-acryionifrile copolymer, thermoplastic polyurethans resin (TPU),
polymethyl methacrviate (PMMA), sthylene-vinyl acetate copolymer, polyethylene ter-
ephthalate (PET), polvbutviens terephihalate, polyamide {(PA), polyacetal, polyphe-
nylengoxide, polyphenylenesulfide, fuorinated polymer, a chiorinated polymer, ethylene-
tetrafiuorosthyiene {(ETFE), polytetrafivorosthylens (PTFE), palyviny chioride (PVC),
polyvinylidens chioride (PVDC), polyvinyidene Suoride (PVOF), polyethylens naph-
thalate (PEN), a terpolymer made of tetrafluroethylene, a terpalymer made of hex-
afluoropropylens, and a terpolymer made of vinylidene fluoride (THV) or polyurathane,
and midures thereof.

Protective cover according 1o al leasi ong of the preceding claims 2 10 13, whersin &
water drop contact angle of the polymer of the polymer laver differs from the water drop
contact angle of the inorganic material by less than 30°.

Protective cover accarding to at feast one of the preceding claims, having an internal
ransmitiance for electromagnetic radiation of more than 25% in & wavelength range of
50 nim within o spsacirum of from 380 10 800 nm at a thickness of 2 mm.

Protactive cover according to at lsast one of the preceding claims, exhibiting & weight
lose aftar preakage of less than 10%.

Protective cover acoording 1o at least one of the preseding claims, exhibiting particls
sizas after breakage in the size rangs of from 401 10 10 mm.
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18.

18.

21,

22,

24,

25,

28,

2]
b

Protective cover accarding to at least one of the preceding claims, being bendable
andfor foldable and baving a banding axis which is arranged perpendicularly to the longi-
fudinal axis of the inorganic material layer

Frotactive cover according to af least one of the preceding claims, which is bendable
andior foldable and having a bending axis which is arvanged perpendicularly to the longh
fudinal axis of the inorganic material layer, wherein the proteciive cover withstands at
least 100,000 bending andfor folding events without breaskags.

Protective cover according o af least one of the preceding claims, which is bendable
andior foldable and having a bending axis which is arranged perpendicularly to the longi-
tudingl axis of the inorganic material fayer, whergin the protective cover withstands at
least 200,600 bending and/or folding events without breakage.

Protective covar according to at least ane of the preceding claims, wherein the inorganic
material layer has a Vickers hardness of from 400 to 800 MPa.

Protective cover gecording to-at least one of the preceding claims, whearein the inorganic
material layer has a scrgleh resistance larger than 6H,

Frotective cover according to &t least oneof the preceding claims, wherein the inorganic
material layer has a pen drop height larger than 30 mm in the unbent state,

Protective cover accarding to af least one of the preceding claims, wherein the inorganic
material layer has a rafio of the pen drop heighl in the bant state, when the hending radi-
us of the inorganic matenal is larger than 4 mm, to the pen drop height in the unbent
state of not less than 30%,

Frotactive cover according {o al lsast one of the preceding claims, wherein the average
hending strength of the Inorganic matens! layer andior the protective cover is farger than
850 MPa,

Protective cover accoeding o st least one of the preceding claims, whearein the ihorganic
material of the inorganic rmalerial layer has an alkall feaching factor of at most 20
urnokidm®,

Frotactive cover sccording o ol least one of the preceding claims, whersin the incrganic
material of the inorganic material faver has sy acid leaching factor of atmast 20
umolidm?®,
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Protactive cover-according to-atieast one of the preceding claims,; whereln the ihorganic

maierial laver has a breakage height in mim of at least the figure of the thickness of the

laver in mmymuitipied by 50.

28,

Protective cover according to at least one of the preceding clalms, wherein the inorganic

material layer andfor the protective cover may have a breakage bending radius in mm of
less than the thickness in mm of the layer multiplisd by 100,000, wherein the result is di-
vided by the figure of the surface compressive stress in MPa measured at the surface.

30,

Protective cover according to at least one of the preceding claims, whergin the inorganic

material layer has a fracture toughness K, a compressive stress €8, a characteristic

depth of penetrstion x and-a thickness J, whereln the {ayer complies with the foliowing

eruation:
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31.

33,

Ll
L

36,

37,

wharaln %, >0 um, and
wherein survival parameter UP is more than 250 MPa.

Frotective cover according to at least one of the preceding claims, wherein the crack
inftiation load of the Inorganic material laver fe at least 1.5 N

Protective cover sccording o at least one of the preceding claims, whersin the inorganic
material layer andfor the profective cover has a breakage force in N of at least the figure
of the thickness in mm of the layer multiplied by 30.

Protective cover according to at least one of the preceding claims, wherein the inorganic
material of the inorganic material layer is chosen from an alkali-containing glass, such as
alkali aluminosificate glass, alkall silicate glass, alkal borosilicate glass, akall alumino-
borosilicate glass, alkali boron glass, alkali germanate glass, alkali borogermanate glass,
alkali sods lime glass, and combinations thereof.

Protective cover sccording to al least one of the preceding clalms, whersin the inorganic
material of the norganic material laver is a glass that comprises the following corpo- ‘
nents, i cal-%, based on the total molar amount of cations in the glass! sificon 4010 75
cat-%, boron 810 23 cat~%, aluminum 0 to 20 cat~%, lithium 0 to 18 cal-%, sodium ¢
o 25 cal %, potassium (o 15 eat-%, magnesium 0 to 10 cat.-%, calclum 0 1o 8 cat-%.
barium 0 1o 4 cal-%, 2inc 0 to 7 cat.~-Sh, titanium O'to 5 cal-%, zircontum 0 3 cat.-%.

Protective cover agcording to &t least one of the preceding claims, wherein tha lnorganic
maietial of the inorganic material layer is & glass that comprises the following compo-
nents, in cat-%, based on the fotal molar amount of cations in the glass silicon 48 {0 60
cat~%, boran 10.5 to 15.5 cat,-%, sluminum 2 10 8.5 cal -%, sodium 8 fo 14 cal.-%, po-
tassinnt 5.5 1o 13.5 cat-%, zinc 2 106, Hlanium 1 to § cat.-%.

Protective cover according o at least one of the preceding claims, wherein the inarganic
material layer has two parallel primary surfaces on opposing sides and an edge potion
connecting the two primary surfaces, wherein at least a parf of the edge portion com-
prises a convex curvature so that at least one of the primary surfaces merges info said
part of the edge porlion, wharein said part of the edge portion may have a curvature with
an arc length of al lzast 130 of the thickness of the inorganic material laver,

Protective cover according to olaim 36, whereln said part of the edge portion compriges
indeptations in the form of grooves in the area of the convesx curvaturs.
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40,

41,

43.

44,

B
e

46

47.

48.

Frolective cover according to claim 37, whersin the depth of the grooves is st least 10
nm and up o b um.

Protective cover according to al least one of the preceding claims, wherein the cover is
arrangsd on a display of an sleclronic devics, orwhereln the protective cover ia an inte-
gral part of the display, or whereln the profective cover constitutes the display of an elec-
tranic devica.

Protective cover acoording o claim 38, wherain the adhesive strength of the protective
cover on the display of an electronic device is such that the cover can be remaved again
front the display, stich.as.an adhesive sirength.in the range of front 8.01 NIRS mm e 0.3
N/ZE mm

Protective cover aconrding fo clainm 40, whersin the display is a polyimide display.

Protective cover according o claim 40 or 41, wherein the slsctronic device is 8
smanphone, ahist PC-laplop computer, smart bracelet, or any other handheld andfor

poriable slactronic device.

Protective cover geoording to any one of the preceding claims, comprising an adhesion
faver disposed betwesn the inorganic material layer and g second inorganic material
fayer.

Proteclive cover according to any ong of the preceding claims, wherein the inorganic
miatenal layer has.a TTV of not mora than 10 ym.

Protective cover sccording to any one of the preceding claims, whearein the inorganic
material inyer has at least one ares of reduced thickness.

Pratective cover according to claim 45, wherein the arsa of reduced thickness is in the
form of & groove, gap or furrow.

Frotactive cover according to claim 45 or 48, whersin the area of reduced thickness ex-
tercds substantially-paralle! fo the bending axis of the protective gover,

Frotactive cover according to one of claims 43 to 47, wherein the inorganic material layer
hias g thickness of fram 1010150 um,

Protective cover according to one of claims 43 to 48, wherein the second inorganic ma-
torial layer has a thickness of frorg 100 to 360 pm.
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50,

51.

52.

53.

55.

%
&

Protective cover acrarding fo ong of claims 43 to 48, wherein the adhesion layer has a
thickness of less than 100 ym.

Method of using & pratective cover according to at least one of the preceding claims as a
display, as an integral part of & display, andior for protecting a display, in particular 8
smartphone display, in particular & polymaric smartphone display, in particular & polyi-
mide display, in pardicular a foldable display, in particular an OLED display, comprising
the step of applving the protective cover {o the display,

Method of making 2 protective cover according {o at least one of the preceding claims,
comprising the steps:

- providing an inorganic material layst,
- dirently or indirectly attaching an adhesion layer on the inorganic material layer.

Method according 1o claim 52, whevein providing the inorganic material fayer includes
determining one or more of the following parameters of the inorganic material layer: pen
drop height, bending strength, alkall leaching factor, ackd leaching factor, breakage
height, breakage bending radius, survival parameter, strength parameter, crack initiation
lnad, bending strength.

Method according to claim 52 or 53, wherein providing the inorganic material includes
making an inorganic material layer of glass or glass ceramic according fo @ method se-
lected from down.draw, overflow fusion and redraw,

Method according to at least one of claims 52 to 54, wherein the method further com-
prises attaching a polymer layer to the inorganic material layer.

Method according 1o claim 55, wherein altaching the polymer layer to the inorganic ma-
terial Javer Includes coating or laminating the polymer onto the inorganic material layer.

Method ascording to at Jeast one of claims 52 to 56, wherein attaching an adhasion layer
on the inorganic material layer includes directly coating or laminating the adhesion layer
onto the inorganio material layer, or indirectly attaching the adhesion fayer fo the inor-
ganic material layer by coating or laminating the adhesion layer onfo the polymer layer.
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