Office de la Propriete Canadian CA 2807056 C 2016/02/23

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 807 056
e e 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2011/03/10 (51) ClL.Int./Int.Cl. B29C 63/02 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2011/09/15 (72) Inventeurs/Inventors:
. _ COHEN, LEWIS, US;
(45) Date de delivrance/lssue Date: 2016/02/23 MALDONADO JUAN US:
(85) Entree phase nationale/National Entry: 2013/01/29 MURAVYOV, IGOR, US;
(86) N° demande PCT/PCT Application No.: US 2011/027915 WEBSTER, BRETT, US
(87) N° publication PCT/PCT Publication No.: 2011/112817 (73) Proprietaire/Owner:

s o OTTER PRODUCTS, LLC, US
(30) Priorites/Priorities: 2010/03/12 (US61/313,363);
2010/03/22 (US61/316,185); 2010/06/29 (US61/359,690); (74) Agent: CASSAN MACLEAN
2011/02/08 (US61/440,708); 2011/03/09 (US13/044,275)

(54) Titre : FILM ADHESIF PROTECTEUR, PROCEDE D'ADHERENCE DE FILM ADHESIF PROTECTEUR SUR DISPOSITIF ET
DISPOSITIF COMPORTANT UN FILM ADHESIF PROTECTEUR

(54) Title: PROTECTIVE ADHESIVE FILM, METHOD OF ADHERING PROTECTIVE ADHESIVE FILM TO A DEVICE, AND DEVICE
COMPRISING PROTECTIVE ADHESIVE FILM

(57) Abrege/Abstract:

A protective adhesive film may include a polyurethane sheet and an adhesive layer disposed on at least a portion of a first major
surface of the polyurethane sheet. The adhesive layer may comprise a pressure-sensitive adhesive that includes an acrylate
polymer and a silicone macromer. The adhesive layer may adhere to a surface of an electronic device without the application of any
iqguid or additive to the adhesive layer or the surface of the electronic device.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 20117112817 A1 | ]S PAC 0 R 010 O A0 A A LR

CA 02807056 2013-01-29

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
15 September 2011 (15.09.2011)

(10) International Publication Number

WO 2011/112817 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
HO01J 29/88 (2006.01)

International Application Number:
PCT/US2011/027915

International Filing Date:
10 March 2011 (10.03.2011)

Filing Language: English
Publication Language: English
Priority Data:

61/313,363 12 March 2010 (12.03.2010) US
61/316,185 22 March 2010 (22.03.2010) US
61/359,690 29 June 2010 (29.06.2010) Uus
61/440,708 8 February 2011 (08.02.2011) Uus
13/044,275 9 March 2011 (09.03.2011) US

Applicant (for all designated States except US). RMD
INTELLECTUAL PROPERTIES LLC [US/US]; 55
North Street, Canton, Massachusetts 02021 (US).

Inventors; and

Inventors/Applicants (for US only): COHEN, Lewis
[US/US]; 20 Burr Drive, Needham, Massachusetts 02492
(US). MALDONADO, Juan [US/US]; 1830 Cloverdale

(74)

(81)

(84)

Drive, Pomona, Califormia 91767 (US). MURAVYOQYV,
Igor [US/US]; 133 Park Street, #901, Brookline, Mas-
sachusetts 02446 (US). WEBSTER, Brett [US/US]; 404
Webster Street, Needham Heights, Massachusetts 02494
(US).

Agent: COLE, Stephen; Pepper Hamilton LLP, One
Mellon Center, 50th Fl., 500 Grant Street, Pittsburgh,
Pennsylvania 15219 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, 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..

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

[Continued on next page]

(34) Title: PROTECTIVE ADHESIVE FILM, METHOD OF ADHERING PROTECTIVE ADHESIVE FILM TO A DEVICE,
AND DEVICE COMPRISING PROTECTIVE ADHESIVE FILM

AT

410 AL

\
“g

~ 430

(57) Abstract: A protective adhesive film may include a
polyurethane sheet and an adhesive layer disposed on at
least a portion of a first major surface of the
polyurethane sheet. The adhesive layer may comprise a
pressure-sensitive adhesive that mcludes an acrylate
polymer and a silicone macromer. The adhesive layer
may adhere to a surface of an electronic device without
the application of any liquid or additive to the adhesive
layer or the surface of the electronic device.



CA 02807056 2013-01-29

WO 2011/11281°7 A1 MR UL AOA V0 O

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, s .

LV. MC, MK, MT, NL. NO. PL. PT. RO. RS. SE. SI. SK. with international search report (Art. 21(3))
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TQ).



CA 02807056 2013-01-29
WO 2011/112817 PCT/US2011/027915

PROTECTIVE ADRHESIVE FILM, METHOD OF ADHERING PROTECTIVERE
ADHESIVE FILM TO A DEVICE, AND DEVICE COMPRISING PROTECTIVE
ADHESIVE FILM

RELATED APPLICATIONS

{00611 Thus appheation clams prniority to ULS. Nou-Provisional Application
No. 137044 2735, entided, “Protective Adbesive Filin, Method of Adherimg Protective
Adhbesive Film to a Device and Device Comprising Proteciive Adhessve Fim,” ded
on March 9, 2011, which claims prortty 1o US. Provisional Applicahon No.
61313363, entitled “Method of Adhenng a Protective Adhesive Film to a Device and
Device Comprising Protective Adhesive Film,” hled on March 12, 2010; US
Provisional Apphcation No. 6173161835, entitled “Protective Adhesive Film, Method
of Adbering Protective Adhesive Film to a Device and Device Comprising Protective
Adhesive Finmy,” filed on March 22, 2010, US. Provisional Application No.
61339690, entitied “Micro-Matte Protective Film, Method of Adhering Micro-Matte
Protective Film to a Device and Device Comprising Micro-Matte Protective Fiiny,”
filed on June 29, 2010; and U.S. Provisional Apphcation No. 61/440,708, entitled
“Protective Adhesive Film, Method of Adhenng Protective Adhesive Film io a
Device and Device Comprising Protective Adhesive Film,” filed on February 8, 2011,
BACKGROUND

{0002} The present mvenfion relates zenerally to methods of applving
profective filims to electronic device swriaces and to devices comprisiing protective
fHms.

{6003} Prolective films are wsed to cover and protect a variety of matenals and
devices from, for example, scratches or dents that may be maparted duning transpost of
use of the device. Protective films mayv be used o protect, for example, the surface of

digstal electronic device components during mangfacture, or may be adhered 0 8
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compleied device {0 protect # from damage duning novmal dav-to-dav use. A varietly
of protective fihis are known, gach having properies that may be advanfageous for
some uses and disadvantageous for other uses. Oue form of protective fihm ssed m
the art 13 coated on one side with a faver of a drv pressure-sensitive adhesive that has
sufficient tack to form a secure contact with the device while pernuthing slight
repositionmye of the film after adherence. Protective films are often transparent, and
may permit the use of touch-sewsitive {features of the electronic device through the
tim.

{6004} Typically, when a dry protective Hilm. particularly a protective film
having an adhesive laver, 1s applied 1o a surface, air 1s easily (rapped between a device
surface and the film dunng application, causing the appearance of bubbles. Bubbles
are undesirable for aesthetic reasons but also because thewr presence over an optical
screen distorts tmages on a screen viewed by a device user. Prior methods of
elinanating {rapped air bubbles beneath protecuive films ntilize an agueous solution or
other solvent to temporarily reduce adherence between a {ilnt and a device, permitiing
trapped air to be forced out by mechanical pressure. Known methods, for example,
inciude spraving a protective film {or device surface) with water or another hiquid,
applying the wet {ilm (o the device surface o be protected {or applying the film to the
wet device surlace), and using pressure {e.¢., with 8 squeegee) (o smooth the film and
force oul any trapped aw bubbles. In doing so. the water or pther figqud 15 also forced
out from between the fil and the device surface, and collects at an edge of the Hilm.

{0005] Thus, prnior methods regquired mtroduction of a hguid o the ouler
surface of a device, requining a user (o take additionad steps to remove hquid aller a
film 15 apphed 10 g device. A signsiicant disadvantage 10 using a wet solution o apply

a protective {ilm is potential mtroduction of hgpnd mito an electronic device, for

T
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exanmpie, through the apertures for the speaker or head set jack. In soune cases, hguid
enteriig an intensor housing ol a device may cause a device o fal. For this reason,
device manulacturers conumonly include moisture sensitive mdicators within then
devices {0 help diagnose device {amlure. In some cases, a mamuacthuer will voud a
device’s warranly where mspection of a device and s mosture mdicators show
exposure 1o mostare.

[B006] Another drawback of many protective fthns s the high visibility of
fingerprints, smusdges or other marks on the film, resulting, for example, from
handhing of a device. In particular, visibility of {ingerprints or other marks on films
covering electronic device bodies or display screens 1s aesthetically and funchonally
undesirable. A wisible residue over a display screen, for example, may disiort the
ransmission of light from the screen resulting o distortion of an mmage viewed on the
screen.  Matte surface trestiments have been used to address this problem, but the
apphcation of fypical matle suriaces over an optical screen reduces oplical
fransnission.

SUMMARY

(6087} In one general aspect, a method of applving a protective film o a
device inchudes providing a proteciive film comprising an adhesive laver covered by a
backing., The adhesive layer 15 disposed on a first mwyjor surface of the protective
film. The method fhurther mcludes removing al least a portion of the backing {o
expose an adhesive areq and contactng the exposed adhesive area {0 a surface porhion
of a porfable elecironic device. The method further mecludes applving & pressure {0 a
second major surface of the prolechive film to press the exposed adhesive laver
agamst the surface portion of the portable electronic device. The method may be

performed without the application of any bgind o the device or the film.
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[BO08] In some embodiments, the adbesive laver comprises a prossure-
sensiive adhesive.  The pressure-sensiiive adhesive may mclude a copolymer
comprising an acrviate polyvmer and a sthcone macromer. i some embodiments, the
method mcludes diflusimg an bubbles through the protective film.

[0009] The method may wmelude applying the pressare with a smoothing
device. In some embodiments, the pressure way be applied (o an exposed surface of a
cap sheel, the cap sheet disposed on the second major surface of the protective fiim.
In some embodiments, after applving the pressuve (o the exposed surface of the cap
sheel, the method mcludes removing the cap sheet {0 expose the second major surface
ol the protective film. In some embodiments, after the pressure s applied (o the
second magor surface of the protective [im, the method mcludes vepositioning the
protective film.

(0018} The contacting step may mclude holding the protective adhesive film
by af least one ab extending from the film. In some embodunents, after holdmng the
protective adhesive fiim by the at least one tab extending from the {ilm, the method
inchudes removing the at least one tab from the polyurethane sheet,

(0011} In another general aspect, an elecironic device comprises a display
surface and a protective {iim disposed on the display surface. An adhesive layer 1s
disposed between and in contact with 3t least a portion of a first mgjor surface of the
protective {ihm and the display surface. The protective film may adberg to the device
without appheation of any hguid or solvent.

{0012} In some embodiments, the electronie device further mcludes a bezel
that 15 aligned along each edge of the display and a housimg having a plaraiity of
corners and sides, wherem the display surface may be disposed on the housmg. A

second protective {ilm mayv be disposed on each comner of the housmg, and/or a thard



CA 02807056 2013-01-29
WO 2011/112817 PCT/US2011/027915

protecive Blm may be disposed on the berel. A second adhesive laver may be
disposed betwesn and m contact with at least a portion of a first major swwiace of the
second protective film and each corner of the housing. A third adhesive faver may be
disposed betwesn and m conlact with at least a portion of a first major swwiace of the
third protective [ilm and the bezel In some ewbodsnents, the second and third
protective films adhere to the device without application of any hguid or solvent.

[0013] In some embodiments, the protective film comprises polyvarethane. In
some embodiments, at least a portion of a second mayor surface of the protective hiim
may mchide a nucro-matte surface structare.  In some embodiments, no air bubbles
are visible beneath the surlace of the protective adhesive film. In some embodiments,
the protective film 15 air permeable. The adhesive may inchide an acrviate polymer
andl g silicone macromer.

[0014] In vet avother aspect, a protective adhesive film includes a
polvurethane sheet and an adhesive layer disposed on at least a portion of a {irst major
surface of the polvurethane sheet. The adhesive laver mcludes a pressure-sensifive
adhesive that comprises a copolvimer comprising an acrviate polvmer and a silicone
macromer.  In some embodiments, the profective adhesive hilm 15 configured to
adhere {0 g dispiay of an electronic device without the application of any hguid to the
adhestve faver or the device,

{0015} The polyurethane sheet may be between about 75 mucrons and about
400 macrons wn thickness.  in some embodiments, the polyurethane sheet comprises a
polyveaprolacione-based abiphatic thermoplastic arethane. o some embodiments, at
feast a portion of a second major surface of the polyvurethane sheet comprisas a mucro-

matie surface struchure. In some embodiments, the protective adhesive fuim mcludes
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at least one tab extending from the polyvurethane sheet. In some amboduments, a cap
sticet 15 disposed on a second major surlace of the pohvurethane sheet.

{001 6] In some embodiments, the adhessve laver 1s between about 12 microns
and about 75 mucrons in thickness. The adhesive may mclude a copolymer of the
acryiate polymer and a stheone macromer side cham,

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. | illustrates an exemplary adhesive fidm and a step for applving
an adhesive filn {0 an electromic device.

[O018] FIG. 2 sllustraies an exemplary  addittonal step {for applyving an
adhesive film {o an elecirome device.

[G019] FIG. 3 sllustrates an exemplary  additonal step for applving an

[G6028] FIG. 4 sdlustrates an exemplary addittonal step for applving an

[0021] FIG. 5 ilustrates an exemplary step for applving a protective adhesive
film that includes a cap sheet layer to an electronic device,

(6022} FI(G. 6 an exemplary additional step for applving a protective adhesive
fitm that mcludes a cap steet layer (o an electronic devige,

(0023} FIG. 7 dlustrates an exemplary additional step for applving a
protective adhesive film that includes a cap sheet layer {0 an electronic device.

(0024} Fi(:. 8 illusirates an exemplary addional step for applving a8
protective adhesive fitm that inclades a cap sheet laver {o an electronic devige.
DETAILED DESCRIPTION

[B023] As used m the description below and i the appended claims, the

singaiar forms 7a,” Tan,” and “the” molude plural references onless the context clearly

f5m
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dictates otherwise. LUinless defined otherwise, all technical and scieniilic terms used
this document have the same meanings as conmnonly undersiood by one ol ordinary
skili m the art. As used wn this document, the term “comprising” means mcluding,
but not miuted 0.7 As used berem, the term “aboul” when referning to a value,
means plus or nunus 1% of the value.

{0026] This disclosure i3 not limited to the particular systems, devices and
methods descnibed, as these may vary. Also, the termunology used m this docament g
only for the purpose of describing particalar versions or embodiments, and 1t 18 not
intended to limit the scope.

{00271 Devices and methods are disclosed that avoid the need for an aqueous
solution or other biquid m applying a protective adhesive film to an glecironic device
and removing trapped air bubbles. As described herein, a protective film comprismg
an adhesive laver {e.g.. a pressure-sensitive adhesive layver) mav be adhered o a
device surface without the use of an agueous solution {0 remove trapped air bubbles.
instead, trapped air bubbles are removed by applyving pressure across the Him surface
to mechanically eliminate large (e.g.. greater than 2-3 nun in diameter) air bubbles,
while permutting smaller air bubbles to be eliminated over fime. The adhesive film
nmiay be disposed on a first myjor surface of the protective adhesive film. As used m
the documment, the term “major surface’™ refers {0 a planar surface of a sheet or layer of
a film. In veneral, a sheet will have two opposing major surfaces.

{0028] In some embodiments, a protective hilm may comprise a polyurethane
sheel, e.g., a polyvcaprolactone-based aliphatic thermoplastic urethane sheef. A fust
mazor surface of a pobvurethane sheet may be coaled with one or more lavers of a
pressurg-sensiive adhesive, such as a copolymer compnising an acrylate polymer and

a  sibicone  macromer. In some embodiments, the protective film 18 @



CA 02807056 2013-01-29
WO 2011/112817 PCT/US2011/027915

polveaprolacione~-based aliphatic thermoplastic urethane and comprises an adhesive
laver consisting essenbially of a copolymer of an acrvilate polymer and sthicone
macromer side chams. A micro-matie surface stracture may be formed on at least a
second major surface of the sheet, as described herem.  In another embodiment, a
protective film may comprise a polvurethane sheet, e.g.. 8 polveaprolactone-~-based
aliphatic thermoplastic urethane sheet. The sheet mav be coated on one wide with a
micro~-matte laver, as described hervein

0029] The protectsve adhesive film may comprise a polvurethane sheet, e.g.,
an abiphatic polvester grethane~based sheet, e.g., a polycaprolacione based aliphatic

thermoplastic urethane sheet, coated on all or part of a frst major surface (or

“backed™) with an adhesive laver. In some embodunents, the adhesive layer is a

mav be g copolvmer compnising an acrylate polviner and a silicone macromer. In
some embodiments, an adhesive laver thickness nmiay be about 10 {o gbout 100
microns, about 12 to about 75 microns, about 235 to gbout 38 microns, about 30
nucrons, or about 35 microns. The pressure-sensitive adhesive layer {or coating)} may
compise an acryiate-sihicone copolvmer based pressure-senstiive adhesive.  The
adhesive layer may comprise additional components, e.¢.. a tackifier or plasticizer,
and may be a self-healing adhesive. The adhesive layer mayv be formed without the
use of a cross-linker or photo-initiator. The adhesive laver may be prepargd using a
thermal cure process.  In some embodiments, the adhesive laver 13 made of an
adbesive that does not mumediately firmidy secare the fiim to a device and thus allows
tor shebi repositionabnhity of the film after placement on the device. For example, the
adhesive laver may mclude an amount of silicone (o permt repositionability. In some

embodiments, anpolvmenzed sihicone, tackifier, or other low meolecular weight



CA 02807056 2013-01-29
WO 2011/112817 PCT/US2011/027915

components are mcluded n the adbesive laver and mmgrate o the polvurethane sheet
and modity s characteristics. A polvurethane sheet comprismng an adhesive laver
may be made more Hexible or more wmpact resistant by the mieraction with one o
more sach components rom an adhesive.

[B030] In some embodiments, the adhesive laver comprnses a polvacrvlate-
based pressure-sensiive adhesive laver, baving silicone macromer side chain
maodifications of one or more acrviate ester groups.  In some embodiments, the
adhesive laver may be prepared from or comprise acryhic acid, methacrvhic acid,
esters of acrvhie acid comprising 4 o 21 carbon atoms, esters of methacrylic acid
comprising 5 to 21 carbon atoms, acrylamide, substituted acrvlamides such as NON-
cimethyl acrviamide, stvrene, substituied styrenes such as vinyl toluene, scrviomirile,
methacrylonitriie, N-vinyl pyrrohidone, N-vinyl caprolactam, vinylidene chioride,

vinyl esters of carboxyvhe acids, 2-(Z-gthoxvethoxyiethyl acryviate, Z-cthyviboxvi
acrylate, buityl acrviate, hvdroxyethyl acrviate, bydroxypropyl  acrylate, 2-
carboxyethvi acrylate, ethoxyethyl acrviaie, perfluoroocivi acrvlate, 1sooctvl aorvlate,
divinylbenzene, vinvibenzvi chioride, vinyl acetate, ghvaidyl methacyvlate, hydroethyl
acefate, hvdroxvpropyl acetate, elacial acrviic acid, methyl acrylate, sthyl acrvlate,
butvl acrylate, so butyl acryvlate or other aorvlates, or combinations thereol. In some
embodiments, the pressure-senstiive agdhesive comprises acrviate and sihicone in other
polvmer configurations as known in the art. Swuitable pressure-sensitive adhesives
may be manufactuwed by 3IM Company of St Paul, MN or other manufactuning
companies,

{0031] The proteciive film may have a thickness from aboul 75 mucrons up to

aboul 400 mucrons.  For example, the protective adhesive films used may have

thicknesses mcluding about 73 mucrons, about 100 microns, about 130 nucrons, about
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175 mucrons, abowt 204 microns, about 250 mcrons, about 300 microns, oy about 3540
nucrons.  Different thackuesses may be wsed for different pagts of a device . For

exampie, an electromic device mayv ase a 150 mucron ilm for the device's oplical
screen and a 300 pucron film for the device™s body. Such films may provade scrateh
resistance, impact resistance, or both, and may provide higher impact resistance to the
parts of the device that are most likely (o need i, while preserving the sensitivity
anddor clarity of portions of the device that are less hkely to require tpact resistance.

{0032} The protective adhesive [im 1o be adhered 1o a device optical screen
may have a shore hardness of between aboutl 85A and 99A, or between about 30D and
7

5D 1o provide a strong film with a flat surface with nunimal or no surface distortion

{e.&.. “orange peel”). In some embodimenis, the shore bardness of the protective

LV

adhesrve fim 1s about 66D or about ¥3A. The protective adhesive ilm may allow for
proper oplical transniission and mayv provide a substanttally sinooth surface so that it
best murrors the glass surface on the device. In addition (o providing an aesthetic
benefit, this allows for minimal or no reduchion m sensitivity and/or connectivily for

fouch screets.

anti-plareg, glossy, or matte, and may be optically transparent, {ransparent with a matle
texture, franslucent or opague. The fHim mayv comprise UV absorbers. The films may
be colored or uncolored. In some embodiments, the protective adhesive film may
comprise 3 surface having a micro-maite struchre. Surface treatinenis may vary over
a single device, 1.e., a film covertng an ophical screen may have an anti-glare surface
wittle film covering a device body may have a matte swrface. A portion of a8
protective [Hm to be adbered o the body of a device (portions not mcluding the

optical screen), the optical screen, or both may have a matle andior a nucro-matte

~ {3
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finish or layer winch may eliminaie or reduce Imgerprints and adds additional “grip”
0 the device. Swfable protective [lms may be mamufactured by Argotec Ine. of
Greenhield, MA, or other stmular manufactorimg compantes.  in some embodiments,
the adhesive coating or laver may be protected by a removable backmg (e.g., prior o
adhering the protective film to a device) before the protective adhesive film is adhered
to a device surface.

[B034] A mucro-muatte surface structure 15 one that has a matte fimsh with an
average roaghness, Ra, between about 11,08 1um and about .22 um, or about .17 um,
or about .135 gm.  In some embodaments, a nucro-matte surface structure has an
average maxium hetght, Rx, between about .30 ym and about 1.20 ym, or about
PAT wm, or about 123 wm. A wicro-matte surface structure may have an average
depth, Rmax, between about 1 30 ym and about 1.50 pm, or aboud 1.40 um.

[0035] In some entbodinents, g nucro-matie protective fihn 1s prepared by
extrusion of g urethane resin oo @ nuero-matte fextured casting sheet which, in some
embodiments, may be a PET multi-laver film. The urethane resin forms a {ilm that,
when removed from the casting sheet, refains a micro-matte surface {exture oh one
side {e.g., a second major surface of the protective film} that nurrors the {exture of the
castinng sheet. Thus, a {ilm may be prepared by a single casting of urethane, rather

than by addiion of a mucro-matie laver {0 g smooih urethane fibn,  Altematively, a

Accordingly, a micro-matie profective film may be prepared using multipie resms of
varving hardness such that #fs mucro~-matte stracture may be bharder andior more
durable as may be required tor specific appheations. Alternatively, a micro-malie
faver may be formed on a polvurethane sheet, for example, by extrudmng a resm onio a

urethane film and contacting the resin with a mcro-matte casting sheet 0 form a

11-
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micro-matie surface texture.  The mucro~-matle protective {Hm may comprise &
pressure-sensitive adhesive laver or lavers, which may be the same or simidar o the
pressure-sensitive adhesive layer or fayers described above. In some embodiments,
the mucro-matte textured casting sheet 13 the same or dilferent than the cap shest
described herein. The nucro-matie structure way cover all or part of a second major
surface of a protective fim.

[0036] In some embodiments, a polvurethane sheet coated with a pressure-
sensiiive adhesive (e, to create a protective adhesyve him) may be cut mto
predeternuned shapes designed to it particular portions of digital electromic devices
mchudme, bui not imited to, mobile telephones, personal digiial assistants, eReaders,
compter notebooks, nethooks, tablets, cameras, came consoles, 1Pods and other MP3
players, navigation devices, and GPS devices. Such devices typically have a displav
screen and a housing, The cut film pieces of the protective adhesive [thm may be
apphied 10 the screen andior other portions of the digutal device {(such as an edge, sude.
corner or other poriion of the housing, andior the bezel} o protect ot from damage,
usingz methods descnbed in this document. In some embodiments, the film may be
apphied to comers, edges andior sides of the device to provide a shock-absorbing,
nnpact-resistant skin for the device. The cut film pieces may be designed such that
thev condamn openings to correspond to various device components and thus do not
block input or output ports, connections, jacks, or entry pomis for access o intgrmal
components of the device. The cut {ilm may be {flexable, to permit i3 apphication onto
curved surfaces smoothly without the appearance of gaps, wrinkles, or air bubbles.

{0037} In some smbodiments, the protective adhesive film meludes a cap
sheel {e.g., a casting film andfor a casting sheet). The cap sheat may be disposed on a

second major swriace of the protective film. The cap sheet may be formed out of a
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materntali(sy that s sefficientdy ngad that the pressare apphied by a mechanical
simeothing device (e.g., a squeegee) does nol cause the cap sheet or the protective film
to deform {e.g., “oranpe peel”). Further, the cap sheetl may withstand an mcreased
pressure from the mechanical smoothing device, winch may result m reduced ar
bubbles between the protective film and an electronic device. Additionally, the cap
sheet may protect the second major surface of the protective film during manuiaciure,
transport, andfor the end-user installation processes. This may provide an advantage
over secondary apphication/release tapes that mclude a cured hiquad for top coating
{e.¢., a polyurethane and/or an acrviic matertal).  The secondary applicalion/release
tapes include an adhesive that may roughen or distort the second major surface of the
pressure adhesive layer, which mayv reduce the optical clarsty of the protective film.
{0038} The cap sheet may be formed out of polvester. A polvester cap sheet
{c.g.. & laminating rolly that i about 2 mils thick may have sufhicient rigidity and
flexability to prevent the cap sheet andior the protective film from deformung.
Addittonally, polyester mav withsiand the exirusion temperature of the protective film
{e.p., about 320-350°F).  The cap sheet may comprise polvesier, polvpropyvlene,
nvion, polvimude, and simular high-temperature resistant {e.g.. able 10 resist the
temperature of the proteciive film extrusion, such as aboutl 320-330°F) andior high
meii point films 2.2, 3 melt pomt greater than the temperature of the protective il
extrusion, such as about 320-350°F). The cap sheal mav be from about 0.92 muds (1e..
about 24 nucronst o abowt 10 mids thuck (e, aboul 234 microns). In some
embodinents, the cap sheet may be aboat 2 nuls {L.e., about 24 microns) thick. The

cap sheet may be ambossed, brushed, or Hat, In some embodmients, a nucro-matte

sariace stracture 13 defined i a cap sheet.
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{3039] Suable nwaterials for the cap sheet and profective film may inclode
one of more of the followmyg materials (or simular maternials) manufactured by
Argotec, Inc. of Greenfield, MA {or other polvurethane manulacturing companiesy:
ARGOTHANE®R aromatic polvethersithermoplastic  polviwethane {part numbers
P7103, 17200, IR103, IR212, 18214, 18215, 18233, 18235, 18242, IR247, 18248,
18305, 18411, IS422. 18433, 18456-FR, I18452-FR), ARGOTHANE®R gromatic
polvesters/thermoplastic polvurethane (part nombers 19102, 19103, 19205, 19422,
19424, 19426, D701, 27303, 27370, 28304, 29100, 20102, 20213, 29222 29285
andfor 20300), ARGOTHANE®: aliphatic polvestiers {part numbers 3751 andior
AGKR), ARGOTHANER aghphatic pobrcaprolactonesithermoplastic polvurethane
{parl nuniber 46510 ARGOTHANEXR waterproof breatbable films/thermoplastic
polvurethane (part sumbers TX1340 andior TX2060), ARGOFLEX® waterproot-
breathable filins/thermoplastic polvurcthiane (part numbers TX130G, TX1500, and/or
TX2000}, andior ARGOTECH {ilm no. 49522

[0048] In some embodiments, at least a portion of a surface of the cap sheet
{2.p., a casting hibm andfor a casting sheet} has a texture {e.g., brushed, nbs, ridges,
crooves, raised dots, eic). The textured surface of the cap sheet may be disposed on
the second major surface of the proteciive film.  The {extured surface may cause
micro air pockets o form bebween the textured surface and the second major surface
of the protective film. The mucro air pockets are small air pockets that forny m zaps
between the textured surface and the second maor surface of the protective film. The
micto air pockets may allow the cap sheet o be more eastly removed from the

pressure-sensiiive adhesive laver (e.g., by reducing a seal caused by two substantially

W

siiooth surfaces). In the alfernative, the second major surface of the protective film

mayv inctode a textured surface. However, this may decrease the optical clarity of the

14
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protecuve fdm and, therelore, may be less deswable {0 the end user. In some
embodiments, the cap sheel has a textuwre that defines a micro-matie swiace on the
second major sarface of the protective film.

{0041} A mechanical smoothing device may be used 0 apply a prassure 1o an
exposed surface of the cap sheet. The cap sheet may allow for the use of a widey
and/or more rigid mechamceal smoothing device dunmg the mstallation process as a
resull of the rigidity of the cap sheet. For example, the mechanical smoothing device
mayv have approximately the same width as the entire electronic device {(e.g., eReader,
compuier notebook, tablet, etc.) or a portion of the electronic device {such as a display
sereen) to which the protective adhesive layer s to be applied. Additionally, the cap
sheetl may be sufficiently rigid o withstand the pressure apphed by the wechanical
smoothing device to nunimize resuliing damage {e.g,. distortion} (o the protective
adhesive film.  The smoothing device may be formed from g variety of materials,
mciudmg a thick, heavy gauge paper {¢.¢., greater than about 50 nuls thick, between
about 150 mils thick, between aboul 50-90 mils thick, between about 50-80 nmuls
thick, between about 60-80 mils thick, or about 70 nuls thick), polyvinyl chionde
acetate (PVUA), unplasticized polvvinyl chionde (uPVO), silicone rubbsr, ethvlene
propvleng diene monomer {(M-classy rubber (EPDM rubber), and/or other semi-rigid
rubbers, andfor ripid plastics, such as rigid polvethviene {e o, HDPE, MDPE, or
LDPE) polyvinvi chlonide (PVQ), andfor polvpropyiene. For example, the smoothing
device may be formed from silicone rubber andfor EPDM rubber that 15 about 60 to
) Shore A durometer 1o hardness.

{0042] A wider mechamecal smwothing  device may provide  sgveral
advantages. For example, a wider mechanical smoothing device only needs to be

applied once (as 1t mav be aboul the same widih as a screen of an eReader, et}
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thereby decreasing mstallation time.  Additionally, a wider mechamcal smoothung
device may munimize amntended skewing, repositionmy and/or strefching of the
protective adhesive film that may occur as a result of multple squeegee applications
{e.g.. 1 ditferent directions with respect o the screen of an eReader, alc.). A wider
and barder mechanical smwoothing device allows the wser © apply an moreased
downward [orce/'pressure on the cap sheet, resulting in an mereased adherence of the
protective adhesive film o the electronic device andior reduced air bubbles between
the protective adhesive [ilm and the electromc device.

[G043] In some embodiments, the protective film mcludes a body and at least
oneg tab that extends outwardly from the body. In some embodunents, the protective

film inchudes two tabs, for example, on opposing sides of the protective film. The

along the edge of the protective fihm, The tabs may function as grab bhandles 1o allow
a user to more accurately postion the protective adhesive iint and cap sheet on the
electronic device andfor to reduce fingerprinis on the proteciive adhesive [ilm, In
some embodiments, the tabs include perforstions, allowing the user {0 more gasily
remove the tabs after installation.

(D044} FiG. 1 llusirates an exemplary first siep for applymyg an adhesive film
{e.¢.. a profective adhesive {ilm and/or a micro-niatte proteciive film) 1o an elecironic
device. In this step. a portion of a hacking layer 20 is removed from an adhesive film
10 to expose an adhesive area 30. The adhesive area 30 15 disposed on al Jeast a
porfion of & [ist major surface 40 of the protective adbesive {lm 10, Puoor o
removing the backmg laver 20, the adhesive flm 1 may be modifiad by utting {e.g.,
by die cutting, plotier cutting, or other methods) to create segments matched n size

and shape to chosen swrface areas on a particular device to be protecied.

~ | -
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Alternatively, the adhesive filin 18 may be pre-cal 10 match a deswed areg on an
electronic device.

{B045] Refarrmyg to FiG. 2, after the backing layer 20 15 partially or fully
removed, the adhestve area 38 may be positioned to contact and align with an exposed
surface portion SO0 of an electronic device 68 {e.o., a display surface). In some
embodiments, the exposed surlace portion 38 mav be a small, large, or an entire
portion of an exposed surface 70 of the electronic device 68, In some embodiments,
the adhesyve [iim 10 andior the adhessve area 30 are aligned to the electronic device
68 {e.¢., aligned 1o the surface portton 80, e.g., an edge of the exposed surface 70}
For example, opemngs 78 w1 the adhesive lilm 10 may be aligned (0 corresponding
components 65 {e ¢ input and/or outpul ports, buttons, eic.) of the electronic device
68, In some embodiments, prior 1o contacting the adhesive film 10 to the electronic
device 60, at least a portion of the exposed surface 70 of the electronic device may be
cleaned, for example, by rubbing or polishing the at least a portion of exposed surlace
76 with g dry tissue or toweletie.

{B046] The film 18 (e.u., a protective adhestve film andior a mucro-matile
profgctive film) mav be applied to the electronic device 60 “as 18,7 There 1S no need
0 apply any lguid or other addittve to any poriton of the exposed surface 70 or the
adhesive area 30 at any e during the process.

{0047 As illustrated m FIG. 3, after the filny 10 13 aligned to the device 60,
the backing layer 20 15 completely removed [rom tha first major surface 40 of the film

18, and the remammng adhesive area 38 of the film 16 15 aligned 1o contact the device

60,

-

[0048] Referring to FIG. 4, a mechanical smoothing device 100 (eg., a

f

squeegee, a device having a resibient edge, or a hand) may be used o apply a pressure
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tor the second major surface 96 of the film 10, The pressure may canse the adhesive
area 38 10 press against the exposed surlace portion 58 of the electronmic device 200 In
some embodanents, the mechanical smoothing device 106 applies the pressure from a
central area 195 to an edge 110 of the second maor surface 99 continmmng wm different
radial directons [rom the central area 108 across the second nwajor surface 99, In
some embodiments, the mechamcal smoothing device 108 apphes the pressure
starting at or near a wapped ane pocket or an air bubble and continges 10 an edge 110
Any baze or remaming trapped air bubbles, o less than about 2-3 mm m diameter,
may be left to dilfuse out through the protective adbesive film 10 {(e.g.. an an-
permeable fim), generally disappearing within 24 hours.

[0049] In some embodiments, the method may mchide repostiioning the film
18 (e a protective adhesive fiim and/or a nucro-matte profecitve film) after # has
been adbered 1o the exposed surface portion 50 of the device 20, For example, the
method may inclade fing a portion of the film 10 gway from the exposed surface
portion 39 of the device 20 and reapplving (e.g., re-contacting) the portion to the
exposed surface portion 50 of the device 20, which may be helpful i repositionmg
and/or re-glignung the film 10 andfor in removing air bubbles. In some embodunents,
additional mechanical smoothing (e.g., by hand or with a mechanical device) may be
used to ensyre that the film 1 15 adhered 1o the edges 116 of the device 28,

{B050] FIGS. 5-8 illustrate an alternative procedure that mav be used i
larger electyonie devices, such as iablets, notebooks, and notebooks. iIn this
cmbodiment, the protective adhestive film includes a cap sheet laver (g2, a casting
film and/or a casting sheet). Referring o FIG. 5, a portion of a backing faver 420 15
removed from an adhesive film 410 (0 expose an adhesive area 430, In some

embodiments, the adhesive fdm 4190 13 a micro-matie protective adhesive flm. The

NES
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adhesive area 434 15 disposed on at feast a portion of a first mayor surface 440 ot the
protective adhesive i 410, A cap sheet 8§18 13 disposed on a second major surface
of the protective adhesive film 418, Prior to removing the backing laver 428, the film
418, together with the cap sheet 510 as one piece of separately from the cap sheet 814,

may be shaped by cutting {e.g., by die cutting, plotter cutting, or other methods) to

h ' :

create segments, with a cap sheet 818 lavered on the adhesive film 416, maiched in
size and shape to chosen surface areas on a particular device o be protected.
Aliernatively, the protective adhesive fim 419 and cap sheet 514 mav be pre~cut {o
match a desired area on an glectronic device.

{0051] After the adbesive 15 exposed, FIG, 6 illustrates that the adhesive area
430 may be confucted to an exposed surface portion 450 of an electronic device 460
{e.p., a display surlace;. In some embodiments, the exposed suriface portion 458 may
be anv portion of exposed surface 470 mcluding the entire exposed surlace 478, In
some embodiments, the adhesive [ilm 418 andéor the adbesive area 430 may be
posittoned to contact and align with an exposed surface portion 458 of the electronic
device 460, For example, openings 478 i the adhesive filim 410 may be aligned fo
corrgsponding components 465 {e.g., mpul and‘or output ports, buitons, etc.) of the
glecironic device 468, In some embodiments, at least one ogptional tab 418 extends
from the adbesive {Hm 4316, A user may hold the at least one optional {ab 418 while
posiioning, contacting, andior aliginine the adhesive area 439 {0 the exposed surface
porion 430 of the electronic device 460, In some embodiments, prior to contaching
the adhessve [im 418 {o the electronic device 460, at least a porton of exposed
surface 47¢ of the electronic device mwy be cleaned, for example, by rubbiny or

polishing the at least g portion of exposed swiace 470 with a dvy tissue or toweletie,

~ {9
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In some embodiments, no bguid or other additive 18 applied {0 the adhesive film 410,

the adhesive area 430, andior the electronic device 468,

{032} Referning to FIG. 7, a mechanscal smoothing device 308 (e.g., a

squeegee, oversired squeegee, 3 device having a resitbent edge, or a hand) may be
used (0 apply a pressure 1o the cap sheet 510 disposed on a second major sarface 4599
ol the film 418, The pressure may causes the adhesive area 430 to press agamst the
exposed surface portion 456 of the electronic device 460 (as depicted 1 FIG. 6). The
mechanical smoothing device 880 may be applied starting at an edge 8§18 of the
clectromic device 428 and proceaeding across the width 528 of the electrome device
428, An optional second mechanical smoothing step mayv be applied in the opposite
direction of the first mechanical smoothing step.  Aller pressure 15 applied with the
niechamical smoothmg device 508, the cap sheet 518 13 removed {e.g., peeled off) (o
expose the second major surface 490 of the {ilm 410, s ilustrated s FIG. & Any
haze or rematung rapped atr bubbiles, if fess than about 2-3 mm i dismeter, may be
left to diffuse out through the protective adhestve film 418 (e.g., an air-permeable
film), penerally disappearing within 24 hours. For example, atr bubbles may diffuse
mnte the first major surface 440 of the Hilim 410 and out the second major surface 490
of the [im 418, In some embodiments, after the mechanical smoothing step, the
aptional hold tabs 418 may be removed from the film 410 by palling along optional
perforations (not shown) or by cutiing off the hold tabs 415,

{0053} The method mmproves the adherence of the film to the surface of the
device, and provides a higher quality {e.g., less damaged, more transparent, andior
more accurately placed) protective film. The method further reduces the number of
remaining trapped air bubbles. The method finther reduces the wstaliation time of

applving a proteciive filin to an elecironic device.

~oh b
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What is claimed is:

1. A protective adhesive film comprising;

a polyurethane sheet having a first major surface and a second major surface,
the first and second major surfaces being separated by a thickness, the polyurethane
sheet further including one or more tabs extending outward from respective edges of
the polyurethane sheet in a plane of the polyurethane sheet, each tab separable from
the polyurethane sheet at a respective set of perforations in the polyurethane sheet,
each set of perforations formed at a corresponding respective edge of the polyurethane
sheet;

an adhesive layer disposed on at least a portion of the first major surface of the
polyurethane sheet; and

a removable cap sheet disposed on the second major surface of the
polyurethane sheet, the second major surface being opposite the first major surface,

wherein the adhesive {ayer comprises a pressure-sensitive adhesive, the
pressure sensitive adhesive comprising a copolymer comprising an acrylate polymer
and a silicone macromer, and wherein the removable cap sheet is formed from a
material that is sufficiently rigid such that applying pressure to the cuter surface of the
removable cap sheet or removing the removable cap sheet from the protective film

once applied does not cause a reduction in the optical clarity of the polyurethane sheet

beneath the removable cap sheet.

2. The protective adhesive film of claim 1 wherein the thickness of the

polyurethane sheet is between about 75 microns and about 400 microns.

3. The protective adhesive film of claim 1 wherein the adhesive layer is between

about 12 microns and about 75 microns in thickness.

4. The protective adhesive fitm of claim 1 wherein the polyurethane sheet

comprises a polycaprolactone based aliphatic thermoplastic urethane.

5. The protective adhesive film of claim 1 wherein the adhesive comprises a

copolymer of the acrylate polymer and a silicone macromer side chain.

21
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6. The protective adhesive film of claim 1 wherein at teast a portion of the second

major surface of the polyurethane sheet comprises a micro-matte surface structure.

7. The protective adhesive film of claim 1 further comprising a removable backing

layer covering the adhesive layer of the polyurethane sheet.

8. The protective adhesive film of claim 1 wherein the protective adhesive film is
configured to adhere to a display of an electronic device without application of any

liquid to the adhesive layer or to the electronic device.

22
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F1G. 1

SUBMTITUTE SHEET (RULE 26)
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FIG. 2

SUBMTITUTE SHEET (RULE 26)
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FIG. 3

SUBMTITUTE SHEET (RULE 26)
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FIG. 5

SUBMTITUTE SHEET (RULE 26)



CA 02807056 2013-01-29
WO 2011/112817 PCT/US2011/027915

38
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SUBMTITUTE SHEET (RULE 26)
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FI1G. 6

SUBMTITUTE SHEET (RULE 26)
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FIG. 7

SUBMTITUTE SHEET (RULE 26)
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FIG. 8

SUBMTITUTE SHEET (RULE 26)
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