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Liquid crystal displays function by taking light meant to illuminate the display,
polarizing that light, selectively altering the polarization state of the light using liquid
crystal materials, and then analyzing the light with a front polarizer. Light that is
20  transmitted to the front polarizer with a polarization state that is aligned with the
transmission axis of the front polarizer is passed by the polarizer, thereby generating a
bright spot. Light that is transmitted to the front polarizer with a polarization state that is
not aligned with the transmission axis of the front polarizer is at least partially blocked,
and may be fully blocked, by the front polarizer, thereby generating a darker spot, or a
25  black spot. Each spot is generally referred to as a pixel. Taken together, the pixels form

an image that can display information to a viewer.

Summary of the Invention
The present invention adds a whole new dimension to stylizing and customizing
30 the appearance and/or functionality of liquid crystal displays (LCDs) for electronic
devices. In the present invention, one or more polarizers can be used to add or alter

displayed background and/or character colors, provide for image inversion, and produce a
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20  color changes and image reversal, functional characteristics such as display contrast,
brightness, and privacy viewing can also be desirably altered or added.

Releasably attachable front polarizers can create a new market for display
polarizers and LCD customization. By selling front polarizers as items separate from the
displays for which they are intended to be used, and by marketing front polarizers as

25  exchangeably attachable articles that can alter display appearance, end user preference and
demand can directly drive and impact available display styles and performance
characteristics. In contrast, giving consumers the ability to choose display styles without
de-coupling front polarizers from displays would entail making and keeping an inventory
of a large number of different display modules, in some cases before market information is

30  gathered as to which styles are more popular. This would be an expensive proposition,

and one that electronic device makers are probably not inclined to pursue. The present
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position, and a front light positioned between the front polarizer and the liquid crystal
display module, the front light capable of illuminating the liquid crystal display module so
20 that light emitted by the front light enters the liquid crystal display module, is polarized,
and returns back through the liquid crystal display module for selective polarization
alteration.
In still another aspect, the present invention provides a kit that includes a handheld
electronic device comprising a liquid crystal display module capable of being operated in
25 reflective mode, with the proviso that the liquid crystal display module does not include a
front polarizer so that images displayed by the display module are not readily discerned by
the naked eye, and an article adapted for wearing by a viewer so that the article can be
positioned between the viewers eyes and the liquid crystal display module, the article
comprising a polarizer oriented so that its transmission axis allows viewing of the display

30  module through the polanzer.
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i nvention may be nore conpletely understood in consideration of the

fol | ow ngwoaanized description of various enbodi nents of trlaa/tiSavessps on in
connection with the acconpanying drawings, in which: 5 FIG 1 is a
schematic representation of an el ectronic device and attachable front

pol ari zer; FIGs. 2(a) through (f) are schematic depictions of various
attachment neans usabl e i nBtieEDgyceiptioh of theDirawingsFI G 3(a) is a schematic
side view of an article that includes a polarizer; 10 FIG 3(b) is a
schemati ¢ r epridsdpteatipymaybempre gpmpletelypnderyioedin coapideration ahidi t t ed
light; FI . . . Lt . qof: i O .
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15 FIGs. 5(a) _and (b) are schematic. representatjons of attachabl e

facepfates andlGwl Kdowhematigrepresenation of ansirstropicslevics gnd pitacBalle fiops, 6 js a

schemat i O%ﬁ{zgresent ation of an electronic device having a liquid crystal
di spl ay ul'é’and a repositionable front polarizer; FIG 7 is a schematic

si de view of &I .4) thidugh €f) lagcdchsifatid dppidlions yvaiousiat@mihyent maghshiséble8( a)
is a schematic representation of a renovable display nodule; FIGs. 8(b)
and (c) ap thequesspiinventioBpr esentati ons of an el ectronic device and renovabl e

di splay modul %EG?%?Q %Asaesrch&ﬂ%t?cr{i Coigwo QH‘E&&?@&S ié?lu‘&sigsg g%gﬁ%{r-o”i ¢ _device;

FIG 9 is a sche C representation of a comnpu G 10is a
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FIG 11 is a flow chart depicting steps in a nethod of the present
inventiodighind FIG 12 is a schematic representation of an assenbly that
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specifics thereof have been shown by way of exanple in the draw ngs and

will be thpbaroludsdepntpoldsieersi . 1t shoul d be understood, however, that the
I nt qul on 1s rl‘t‘i)(tfvs.tS?a)l and' (B) érg Schematic representations of attachable faceplates and

window elements that includes front polarizers;
FIG. 6 is a schematic representation of an electronic device having a liquid crystal
display module and a repositionable front polarizer;
FIG. 7 is a schematic side view of a front lit reflective liquid crystal display;
20 FIG. 8(a) is a schematic representation of a removable display module;
FIGs. 8(b) and (c) are schematic representations of an electronic device and
removable display modules and user interfaces connectable to the electronic device;
FIG. 9 is a schematic representation of a computer system;
FIG. 10 is a schematic representation of a network connected to a central system,;
25 FIG. 11 is a flow chart depicting steps in a method of the present invention; and
FIG. 12 is a schematic representation of an assembly that includes an electronic
device, a removable front polarizer, and pockets for carrying additional front polarizers
proximal to the device.
While the invention is amenable to various modifications and alternative forms,
30 specifics thereof have been shown by way of example in the drawings and will be

described in detail. It should be understood, however, that the intention is not to limit the
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described. On the contrary, the intention is to cover all nodifications,
equi val enwe,03apks8al t ernatives falling within the spirit amdTacopeses the
invention. 5 Detail ed Description The present invention relates to the use
of polarizers (including neutral density polarizers, single color
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facepl at g, GOYS{yy OF Other such itemthat can be releasably attached to an
el ectronic device' in a position such that a user can view the LCD nodule
of the electronic device through the polarizer. The polarizer itself may
also be configured so that it can pbe attached (e.g., permanently bonded,
renovably adhered, etc.) to a Wetaded Besesiption) ens” film or other item
that is, or c e - ectronic
device. In enboggﬁgﬁﬁghﬁﬁgﬁgggﬁggk?%%SQ%O %%?%%?éééﬁ&gg SéﬁFégﬁgg&e, t he
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"enoST L1 GRidith 6RRE FROLAE ASL5: wkd) A IHPRARRL CF BB AR AT Mo

. € .
repositioning Tront polarizers nore Sul e om ze
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pol ari zer position (or other reasons). In other applications, exchanging
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exanple for 30 |nterchang[n% dliglay modul es that have different display
char act esheht, thespadarizer gan eyl Iyand/or rotatably attached to the electronic device in a

releasable or a permanent manner.
While aspects of the present invention related to interchanging and/or repositioning
20  polarizers are primarily discussed in this document with regard to front polarizers, it will
be recognized that the same or similar effects (e.g., color combination customization,
image reversal, brightness and contrast enhancement, and the like) can be achieved by
interchanging and/or repositioning rear polarizers. In some applications, exchanging or
repositioning front polarizers may be a more suitable way to customize display appearance
25  due to ease of user accessibility to the front polarizer position (or other reasons). In other
applications, exchanging or repositioning rear polarizers may be a more suitable way to
customize display appearance due to device design considerations (or other reasons).
The present invention also relates to liquid crystal display module that is
configured to be removed from and plugged into an electronic device, for example for

30 interchanging display modules that have different display characteristics or that have
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keeping the remai nder of the electronic device essentially intact. In
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covers or faceplates in combination with or independently from the interchangeable front
20  polarizers can add further appearance customization dimensions.

Releasably attachable articles containing a front polarizer according to the present
invention can be exchanged with other articles having other front polarizers to give
different viewing experiences including different character and/or background colors,
different color combinations and patterns, image reversal, contrast enhancement or

25  adjustments, and the like. In some embodiments, interchanging front polarizers can be
used to customize the appearance of the display, for example to coordinate the display
appearance to the color and/or other appearance characteristics of an interchangeable cover
or faceplate for the eléctronic device. Interchangeable front polarizers can also be used to
customize the appearance of the electronic device without changing or adding a cover,

30 faceplate, or other such item to the electronic device.
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rel easably attachable to the el ectronic device. Repositionable front
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resol ut i emohiisipbohesopertabde devpers sueheas acpessrnabdigiyali agsistants fPTahskandzpther2s
General Iy, Liquid crystal displ | e. of
o ot i endhsibreatibs, ol e E nd RE Fpfic tepkd BEBOTH Plmel B vei 1 as
transf| eglidyess thiiPave ngﬁiatcmgn dRpRuys, [defitad GElsMEle m?aayeﬁnamsmbﬁwmlﬁ@t ed

r

using light incident omthe front, or viewer side, Qf the liquid crystal
cel | . Suchystal gisplaysrhobschathipphiandes giat invhuled diquidgryste]ahisplays ewristvaiches

internal |ight.squrce and.directgd.into t di splay fromt front using a
front 11 ght st EH By Fiider 98 G priiBa ot sopilapf B iGe Lo
operating in EkdRMRdeVideY BontBfiflateddBr usé in the present invention can be equipped

20  with liquid crystal displays for displaying images or information to a viewer. The liquid

crystal displays can be any suitable liquid crystal display capable of displaying
monochromatic images, multiple color images, or full color images at high, medium, or
low resolution, or any combination of thése (e.g., low resolution color icon bar combined
with a medium resolution monochromatic alphanumeric and graphics display area).

25  Generally, liquid crystal displays are capable of functioning in a reflective mode, a
transmissive mode, or both. Reflective LCDs, as well as transflective LCDs operating in a
reflective mode, can be illuminated using light incident from the front, or viewer side, of
the liquid crystal cell. Such light can be ambient light and/or light generated from an
internal light source and directed into the display from the front using a front light guide.

30  Transmissive LCDs, as well as transflective LCDs operating in a transmissive mode, can



WO 03/ 001284 PCT/ US02/ 09893 be illum nated using light froman internal

| i ght source, typically |ocated behind the liquid crystal cell. According
to the pregastoizaventi on, rel easably attachable front pol &drasogosan be
provi ded for electronic devices that are designed or adapted for their use.
To make a 5 rel easably attachable article that includes a front polarizer,
pol ari zers can be | am nated, nolded, bonded, or otherw se adhered to a

wi ndow, IbeRBumiatediubidl lichsfrbinenlih@hial lightabte stypicallplobatd dtldnd thetliquan be
renovably attached directly to the electronic device or liquid crystal

di spl ay, caxstalgelbugh the use of one or nore collars, covers, faceplates, and
the Ilike. As vmndow
portion of a (%C\légrrdh%ﬁtmagﬂgg%{twnﬁ&géﬁgﬁ%% ? %i%%&gi)%ﬁagnggtg gevm ndow

or |ens thatidéEP¥Rbrohiatédcdabattate dddfned beadapesd for teitivse a@d{ane ato a cover
or faceplate that itself can be rermvabI%/ attached, can be an add-on item
that &an releasablyastachablecarticle diat siciusgs p dient pelanigancalatizsrs qaabegeBingicdned i n

front on t qg?c{, 'bﬁ% egr Jar éltﬁ%rwlsede{dfl 1168¥0 a%nc} Qﬁ léﬂskgr %tﬁg S Bltecl é@?bl e front

pol ari zel® sent 'l nven ion can ew sé rovi 15 wi ndow

el enent s trah §ARsIOL SEBRGLER thatlcah Be rdnhds@blyaittadisednriifectipto the ERegPhiadevicE€over , or
ot her such itemor portion thereof. Renovabl e display nodules are

pr ef er ablliguisk erystalakisplay, thwlﬁldh%ﬁemfé?lﬂe ar g\@rwﬂlar % kaers deagplotrsyangiethe
el ectroni aI I ys}g%}1 ectﬁd in . a sw la

necessar); %qzeéf?’n nc?nﬂéfe a edt 3“’13%"1’80 n%ggeﬁg'%ofy

enbodp mefhceplatd) c8l B afr@@fd?n &@Marfgesbl@ andeey Qﬁﬁhﬂﬂﬁdreﬁfovalﬂgl@ttﬁkﬂles tb tAemodul ar
fashi on so Fhat di spl ay nodul es can be renoved and repl aced w thout an

undul y hietgstronisidewice and/piiiota anyer orefagapiase;thiat yseé&cmw@ remevabdyattachedsican  be
understoqd th |0 any t he present | nven

ol easab iy A Ank a6 g Cap SRR 16 B Bfnent SRS e i TG o
attachab&ﬁmpanQ1k@gp§yghgﬂghhﬁoaﬂkumbes that include front polarizers, and
renmovabl e di spl ay nodul es can ptionally include other desirable coatings,

optical films Rnpombm&reﬁwm pOéanaﬁtsroféheaz,rps'e@hmenmdécnwsseubﬁ pamdesiﬁSt abl e

nbi
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anti gl ar gieGPSH dd@sh théRkbr.smudge coatings, and touch panels are some
conponents that may 30 be included. As such, any addition to inprove
har dness, gl arlhmce/dhlctdnm*ay rgedudes, ar@precﬁqxablwrowwafﬁnﬂﬁﬁmtm@d displays r oni ¢

functi onaﬂ t nge(l only %e %ﬁzc&grﬂgalll yecro%gec?ed in aps%gtgblgfmatnrr]llerstolanp\é%netr sk and any

necessary electronics not already included in the module. In exemplary embodiments,

20 electronic devices can be designed or adapted in a modular fashion so that display modules
can be removed and replaced without an unduly high risk of disrupting the integrity of the
device.

It will be understood that in any of the embodiments of the present invention,
releasably attachable or repositionable front polarizers, releasably attachable or

25  repositionable articles that include front polarizers, and removable display modules can
optionally include other desirable coatings, optical films or components, and/or electronic
components in any suitable combination. For example, waveplates, lenses, retarders,
compensators, light control films, privacy films, brightness enhancement films, filters,
antiglare coatings, antismudge coatings, and touch panels are some components that may

30 beincluded. As such, any addition to improve hardness, glare reduction, color, or optical

performance, or electronic functionality is to be considered as a part of this invention.



8 WD 03/001284 PCT/US02/09893 FIG 1 shows a generalized el ectronic device
100 that includes a housing 110, a liquid crystal display 120, and

el ectr oni we® oBnot28shown) for operating the display 120 andpdTarsot/o9s9s i oni ng
t he device. Device 100 can al so include a power source (not shown) such as
a rechargeabl e battery, and/or a neans for plugging the device into a
renote power 5 source (not shown). Electronic device 100 al so includes, or
i s adapt abl e tRIGI hehawkes geneslieed elbttyorid davideali0ghatrihé¢lades allibusingtl 10| udes a
front polarjizer. Article 10 is attached or attachahle in_a positiagn

bet ween tiquIdfrEsipllispiayol 29, andielgelEqnics(nQy sbap) toy gperafing thegispdayldP andi t ach t o
housi ng i . 1

(renovabljfélpfglrl&t?oﬁlgégrsr@hg%‘fl%gbf @E? ?120 g#g%%ﬁgﬁtluggggégg}esogl?& §tpﬁqlg§yﬁyglg:ﬂD| spl ay
120 i ncl udesechatgeaple Battery Sind/or dinsqanayorpheligiey thd devivelim@h ra@netk poweponent s
such as a back polarizer 160, a reflector 150, and a back |jght 140. O her
conpofents8uiEs (ot shawnp Electonisisyiosd QP gtso dncldess orgp adaptatle to 1@%@6¢,ay nodul e
130. For N . i j: can be
suppl i od BraRlynatsbledRho't ot jRBer BRCpALY AHiGR 0k BRANE) R0 ¢

| i ght f onrattacHabRdh a\pesikionl Betshiesid kiaydispMye 2 0edtidi sader b1 @bwerd 5701 ArtivleUDihay ent

for desired. view ng. The relative positions of the conponents of display

120 ar e appdstedousing o1 0,itp display 420, tp angtberdieny fiay cangbrptiacheg (rgmayeably or

appr eci a&?%%“a%“%ﬁﬁﬁtt??}égag dnpcn%,g%%r dpslrI)Fa§,¢nce of individual conponents can

depend o c or e iments’such as shown in FIG 1, display

nmodulie 130 pr gfisglapl 20 @eRdesDliquit Reystall @isplal hiviluledH 0dnidZoptiondlReinasentar ti cl e
10 includes the front polarizer throg&h which a 20 user views the display

t o di scesnchnis 4 bagk@olarigeiottfen reflpstonil Adrnd 2 baplelight 146y Other wwmpeaends eath be
i ncl uded f : nol ar ] d 130 |
e e o 2 00 ARRSH i 6 BRUBHIGR o8, ST Rkt EpR R0, "

devi ce 1QBurct andlightlguitteig6t shewhPein B Hugplicll Betwedn M6MAE 12@End Gietved 1Y Of
rotatably attached to device 100. Electronic device 100 and/or rel easably
at t achablpEovade drcauxiliayy &ant kght ferasflective srodeslispddys adwp lagnbiant 4ekfiifg article 10

ach: ; arodsiineadan i ek
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conbi nat iagdsreédnesdeof ilksttathe paifidsey @y, dnafit WHESEAppreciatéPMPtite poeltighisomade
system can be wused for snapping or sliding article 10 into position, tabs
and sl ot Presareend indjuiduglcompenents eandepgid ele magy fces.as means for

e ence, il LRSS M PO e ST Spapaigns suen

include a front polarizer. Instead, article 10 includes the front polarizer through which a

20  user views the display to discern an image. In other embodiments, one or more polarizers
can be included as a front and/or as a rear polarizer on display module 130 in cases where
display module 130 is removably mounted in the electronic device 100. In still other
embodiments, a front polarizer is tiltably or rotatably attached to device 100.

Electronic device 100 and/or releasably attachable article 10 can be adapted for

25  releasably attaching article 10 to device 100 in a position so that the polarizer of article 10
serves as a front polarizer for display 120. Any suitable attachment means or
combinations thereof can be employed. For example, a tongue and groove system can be
used for snapping or sliding article 10 into position, tabs and slots can be used as
positional guides and/or as means for interference fitting article 10 into position,

30  mechanical fasteners such as hook and loop fasteners or microstructured fasteners can be

used, adhesives that allow article 10 to be attached and removed (and optionally re-



used, adhesives that allow article 10 to be attached and renoved (and
optionally re 9 WO 03/001284 PCT/ US02/ 09893 attached) can be used, a

col | ar orwbreamei2san be used that holds article 10 in posi trcaruSobresse3 t he
collar or franme is adapted for releasably attaching to the electronic
device 100, pegs and holes can be used to position and/or to interference
fit article 10 into l|ocation, and any interlocking nmale and femal e nenbers
can be sutthetedycdnashisededcdllar opfbane imribmtgsedmht holde hetadall in positiongviere | cl e

10 to devj ce 00. _Attachjn C nclu ed as part of rticle 10 or
as part 1@69@?%? P or fFfﬂaﬁ@Ty Brchities Hecatirioninceh 1904Rh Lo the
device uhjhglelehdt é]lgseﬂrtga g&élﬁorﬁ&d/& tBieR reEéeq?r a[ngél@)l Gded l&raﬂ flll%dsaﬁge

non-1imting exanples of attachi ng neans asaly attaching a
articl e titatlocking mdlesand fémalatmenaieas ¢andre siuﬁabaly falhembd foripositieningeantihat 10

includes a liguid crystal display nodule. FIG 2(a) shows that an article
200 can BeledsaPlyguaimgpricle ég e lé)ode‘W*l?émﬁG‘?e%? c@hbaigrigedas past 961 on

article 20006 B ?s Spa?tgcfff CRENEd gglat%' Pr&m%og}bde?ﬁb&q{%}ﬂ th %ttaéﬂ‘t% thé e\ﬁékg 05' ot

arrangenent can a e reverse [t ma esl ra or artic
be at | eastiledwiding atticfe mqnlpllaeeor bendabl e so that it can be slightly

fl exed before enga i e slots and tabs to allow relatively easy 15
posi ti oni ng. @beqoﬁdsmmﬁﬁenthasgn&w B?%f%t&ﬁhlﬁ%ﬁ”@a!‘%fow engage to

secure t I (

article 3‘?8%{3{’1@“3‘?%%17‘%9%%‘4‘:‘3?&2% 1§%u§£% e?}? B%l%gl%&ﬁ t c ﬁg%{’ﬁaﬁé udes a
fl ange angclhdesla lgid@yiielrdighldy mbdilec 8IG iKaY shotve dhdt ah artikle 200cdanb@ r ecess
213. Flange and | ocking nmenber 211 can be provided on certain portions 20

of arti clrelezsably a&tacl@éﬁo Béleyige ?%E}delaﬂ?smgt%téb SRl prartisds 20w aof article
210. LOCl& H?sp?ﬁgﬂg ﬂs)t %oﬁ‘ﬁgwl: 569, "Phe 56 GRS slgg‘%@%&ngﬁt dafl gfsg?fg rgyersq:dr ectly

snappi ng ar 0 posi |on on device I'ng article

210 ont o ey bedei@bleffor arexla2PD &o bs hii 1dash goraéwhat [fexibldor andﬂﬂe salthatft t he
page show ng FI,G 2 b)()1 FIG 2(c) shows a Partlal cross-section of a first
article 22pbe pligh hﬁﬁoeemé&magle shogs g aizzlo%l}mv%ﬂ%@élyrﬁessaru cle 223

| ocking. £R Sl‘lgﬂﬁé B SRR oty PR EomRTTR BBt sk RREARK

ei ther @ooboth of the electronic device and the article that includes the
front polarizer. FIG 2(d) shows a pin 230 and a_corresponding hole 233 in

an article 23FIGR(Y) smys 4 parid spsssgetipprdanartigle 3 rednasably pitachedtoxs1 f or
fricti on% L%e Q?Qaghf@e @i d-'m%ﬁlgeé’\ﬁ hg‘l&%ﬂ locking member 211 that can be fitted into a

locking recess 213. Flange and locking member 211 can be provided on certain portions
20 ofarticle 210, or can be included over the entire periphery of article 210. Locking member
211 and locking recess 213 can be engaged by directly snapping article 210 into position
on device 212, or by sliding article 210 onto device 212 (for example, sliding article 210 in
or out of the page showing FIG. 2(b)).
FIG. 2(c) shows a partial cross-section of a first article 220 that has a male locking
25 tab 221 and a second article 223 that has a female locking tab 224 capable of engaging and
releasably locking the male tab 221. Male and female locking tabs can be located on either
or both of the electronic device and the article that includes the front polarizer.
FIG. 2(d) shows a pin 230 and a corresponding hole 233 in an article 232. Pin 230
is shown equipped with optional springs 231 for frictionally engaging pin 230 with hole
30 233 and releasably locking pin 230 in position upon engagement. Alternatively, a friction

between the pin and the hole can be relied upon for engagement without the use of a



30 233 and rel easably |l ocking pin 230 in position upon engagenent.
Alternatively, a friction between the pin and the hole can be relied upon
for engagwoeaoss hout the use of a 10 WO 03/001284 PCT/ ES0A/026333
spring. Pins and holes can al so be used as positioning guides to help
ensure proper alignment when rel easably attaching an article containing a
front polarizer to an electronic device using other attaching neans.

Ei t her orsphing hPin§ atdkoled eaitdlswbecusdé s pesitionifig guitles todlely éndare progerai ni ng
article can include one or nore pins or holes. 5 FIG 2(e) schematically

shows an 2Hgamentaviengelepsably atiarking an artickerontaing 2iftosf pelanzeio an plepEpmc 242

t hat may . . |6 Lce, ectronic
dovi co.” dsFicl flfy BF ARIiERLES, ERnCARERLA AnPEICOAE dbtbe Bl 2 003
t hat cor peipieBtntaniag agicts dadrihgluddapast mora pimrorhetEson 243 on article 242.
The annul ar regions 241 and 243 indicate regiqns wher e nechani cal

fastefiers and/fdP- #g) sahgmaticallyshews am arisla Z04hatdnclpdgs ajions palapizer andiagul ar
. o >~ . .
i or oot r ATeIE 2ip GEERBe Wl G BN MK AGr CoRPPOPHA Bleble o000

of annul &t the 1@l AasicR2U0anshohIotane amairutte régioRdNEtHay eortddpdndsamaal | ow
article 240 to be releasably attached to device 242. |n another

al t er nat isailarhyhapgdhasnlae regeenPeon aiclg2dd c Ths appulargegions 24loang 3242 t o
form a C%ﬁﬁékag% £ 'Jn%%%%'rea&x%%p%ic%ﬂé@t&pgfs Qéﬁfx%gglﬁgsr}gfa@é ﬁ%f/})%slﬁgat&fll%?‘sabl y 15

attached ectroni ¢ devl ce. Ica OWs 'an article

250 tibat ekmapld@mubarrégiods 240! and 248 cadiidlvde nRinigHObE afd ROpmeNéals @viting 253
that includes a liquid crystal display. Article 250 is adapted w th w ngs
(or t onguistostracturga quifesg; fagerrs and thediks: Adtappativelyl epssorboth gf wwmplas) 254 for

A shown R 55 it 38 AP cbheiu B PR R 204 BlealBILIT oo

article 2gfcHeAt®d®Aasd 2420n\Whether dltersive IBe adigsiveipetrhaeally ¥itRReageadewi t h
correspondi ng i ndentions 255 | ocated within slots 254 of device 253.

Rel easabl2¢0and 3¢ bfoamgreompleted taceplateion epyriefor amplpdhaticgnbe prleasablyer or

can include, t.he frant polarizer disposed on or attached to a suitable
substlgate@ %?heflrt%ﬁne?le%fﬁqc %%é%ez’ZS shows an exenplary article 10 that

i ncl udes pol a@l@%%ﬁ&h&h&tﬁ&ﬂﬁdh&ﬂs 0@i5ledS0That Shidsdes alfont dlariRé aadiazer 30
can be | am nated, bonded, adhered, or otherw se attached to substrate 31,

for exampodablsiclegtranic dptiroaal thatimelidesa ligwid crystal disalayi Arfielef269 sAdgptad
0PI O | i s GIDEIEY 51 S HeURE 557 SAPRNN 5 PRDBN S sasgpPort or
guiding wings 251 when sliding article 250 over the display of device 253. As shown, the
20  wings 251 of article 250 include bumps 252 that help snap article 250 into position when
bumps 252 are frictionally engaged with corresponding indentions 255 located within slots
254 of device 253.
Releasably attachable article 10 can include just the front polarizer or can include
the front poladzer disposed on or attached to a suitable substrate or frame. FIG. 3(a)
25  shows an exemplary article 10 that includes polarizer 30 disposed on one side of substrate
31. Polarizer 30 can be laminated, bonded, adhered, or otherwise attached to substrate 31,
for example using an optional adhesive layer 32 that is preferably an optically clear
adhesive. Substrate 31 can provide mechanical support for the polarizer 30. Also, it may
be convenient to locate any attaching means that are part of article 10 on substrate 31.

30 Alternatively, polarizer 30 can be molded into substrate 31 to form an integral

polarizer/substrate element. For example, substrate 31 can be a lens or window that is



be convenient to | ocate any attaching neans that are part of article 10 on
substrate 31. 30 Alternatively, polarizer 30 can be nolded into substrate
31 to forwoanobresegral polarizer/substrate el enent. For ecanmsozpsssibstrate
31 can be a lens or window that is 11 WO 03/001284 PCT/ US02/ 09893 nol ded
froma transparent plastic such as a pol yacryl ate or pol ycarbonate.

Pol ari zer 30 can be added at any suitable point in the nolding process to
bond t he meided framra teaidpirbet plsstioStctadsea palydopylaten polyt@bomdte ePEa®dr 30
Substrate 31 can be any suitable substrate, and is preferabhly substantially
5 t r ansniSd8bgadded aipny gitablseropnt ipdheamplding Ripeesyio band the pelarieerapd dher um so

that the shbﬂ%ﬁoﬁfwéﬁtil@lir}tgélfglsﬁéx?lé(ntcan be viewed through article 10 by a

vi ewer when ar positioned in front of liquid crystal display of
an el ectroni c Sidyirste 31 Sabbé srat wit3Blecabstiae:, ahdRrpreferaddl subsentiflilgr exanpl e to
achi eve desired display appearances. Substrate 31 can be birefringent or
non- Bi r eFanPmipsive o giher enesordper #RTtans &F the vadblesnenirun se bakthgdiandarysiai ng
birefrin i & [ Lol d, CF Vi (] dul e
and 115 ot Btanbd B RARSE 08} #RN WIS BBhal Hon

i nt er est iofdiqajactrysts dadpllay dfla@atdchone@evical Sebstaed F, canBefeadbr Edl6repOfoent i al
| oss of sone optical performance. It may al so be desirable for substrate 31

or adhesie¥ample tp gcjeye dasieddisplghi aprRaranges. nypbstrata i icam be pefriagentor oo
i ncrease,.the.ran i . NG - i .ay.. The.15.in i on of
:oarti cisesp lrgnar}%?tggwg%rre %%?o‘@frv & 102’3?*‘%?8%3{5%&1@gffq'g%gélg%dlg}nggon%%}\nléelgéoﬁsIt o the

substipat enferif1plispoiel baswees avruid dryfal dgplaamhodile afd RO foht puiakchdawgn t he
viewer and substrate 31, and substrate 31 or adhesive 32 perforns a

di f f usi ngubsirate 3 obe birefeingsnt cyslead fosintgsesting aag Visudhepleasng entisak effectsal | y
mai nt ai ns_th l.arizatiqn Liqh itable substrate materials include
gl ass, rieé’l%%gtptﬁgg&e%%ﬁsl%sgﬁfgémﬁg%%agpgrg%riﬂagc%nd pol yacryl ate, and fl exible

20 pl astics suehapslsek Medibpleoesitsirae3hdr aligesieB2tb Peterm amghodif@sisg
Substrate 31 can function as a window, or can provide optical effects. For

exanpl e, fongiony for exanple dmingecage theapnge of grevanaagsles far theghsplay. el ens.
Substrate 31 .can.al be ad ed, t o, prpvi de | tr.avi.ol et r.adi ati on
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sui t abl e sabstautd 6ruptioRsllsdhésied. IF Poladizerizqus Poditiorfeddetwedh the ielvayandExenpl ary
pol arizers include a linear polarizers that substantially transmt one

| i near poubstiated’, end substratedd Pradhestvent? perfopma p diffusing funetfone gre diffaser is
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materials include glass, rigid plastics such as polycarbonate and polyacrylate, and flexible

20 plastics such as polyethylene terapthalate, polyimide, and others. Substrate 31 can
function as a window, or can provide optical effects. For example, substrate 31 can be a
lens, for example a magnifying lens. Substrate 31 can also be adapted to provide
ultraviolet radiation protection, EMI shielding, and the like.

Polarizer 30 can be any polarizer suitable as a front polarizer for a liquid crystal

25  display. Exemplary polarizers include a linear polarizers that substantially transmit one
linear polarization state and substantially absorb or reflect the orthogonal linear
polarization state. Polarizer 30 can be combined with other elements such as additional
polarizers (e.g., to achieve a higher extinction ratio and/or to achieve desired appearance

effects), retarders, waveplates, compensators, and the like. When two or more polanzers

30  are stacked to form a front polarnizer, their respective transmission axes can be aligned,

12



pol ari zers (e.g., to achieve a higher extinction ratio and/or to achieve
desired appearance effects), retarders, wavepl ates, conpensators, and the
| i ke. Whewotoaoorzs4 nore pol ari zers 30 are stacked to form a&cfirusat/oqses ari zer,
their respective transm ssion axes can be aligned, 12 WO 03/001284

PCT/ US02/ 09893 crossed (i.e., orthogonally oriented), or positioned to
formany other desired angle between them Polarizer 30 is preferably

or i ent ed cemsdéd@e., otthoganahy otiased)norepdsitiansd pofirtni angether desipdahgledrtwaehl y
transmt polarlzed light emtted by the display that represents characters
or to 5 @?@ferentlally transmt the polarized Iight emtted by the display
Ll L epr eSerRIbAEkeS Rl kRl dAGSHRLARLBA BxRCL AR ar e
represented by orthogon rient e arization states. In exenplary

appl i cat ipesferen@altyi tcdnsmth)ollamzdé ﬂigtg]lrmnittéd) by ﬂmﬁlspﬂd)amhadpte@elhemeedms abtoy
attached tq a artlcular el ectroni ¢ devi ce or pe of electronic device
that # ncPrderentally tapsautdhe pelarized; léggllt syttRd @CMBE% that remessiSon i s known so
that 10 r i qui d
crystal GroarbER TERD RPRHAEL MELINGHIGT AR RAA By bidedfall TG
subst r at eriddted polakieatiterstger dn @renpldapipplicitions partipla Diic ddsigned f@cdndoni ¢
device or type of electronic device, and a polarizing film.can be provided
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p05|t|one Ired orien Ion 1's achieved. Then,

t he pol aliablhhl& 30 dalmbéwﬁfebteveaydﬁemeﬂ tetative s thedig@iddrystalf displ@xaopile forsheg an
optical adhesive, and the excess filmcan be trimmed. FIG 3(b) shows a

pol ar i zedesrd digday APPR#HaRGse AJtcsnasively, pubstatec can §e designadiand adapted fasiaeasabl y
attachabl grtlc[lﬁ?glegﬁorpg ﬂéwpe%ratﬁdéggf eleﬁfbn?c &e%pc%s%ﬁdcfg@%ﬁn%?%tcag be FEQr

pol ari ze ari zer Yenpvabl e di spl ay

modul e. @esveded dlyng with,ut Z@faréﬂ@ﬂoﬁlotﬁersabﬁfﬁté 31.i lcsudiedcade| Bta giveani deglice
di fferent si)ect ral characteristics depending on the plane of polarization.
1

For examdné liaviderystal désplayyths prkrizingdilm @mbemzlt%edmremd 'eml ﬁéﬁl ari zer
300, 1!5' gt&%m%d o%eH%lElgﬁ Jdcﬂf\e@éqpﬂlﬁ{ 'tlfe? 154 réﬁfn? zi)hotfl e{dh {ed 0 ﬂsﬂ‘gie%qt es
epllane 0 epae% ca e f éﬁ

pol ari zatTon ransm t aving a’first

spect ral feh exafipliisigan étidal ddhbdivefand tiscsesd, filmodah beghmaled| | near
pol ari zation state 306 (" " indicates polarization perpendicular to the 25
plane of the Fagejbrehovse nolarizerdOQ viefan thrprasesbinypetion &rtekampleiaser i but i on

di fferent eléisg% abtiShable#dnt o] &Pﬁol&ﬁ% I §B ﬂab Mt%?? SlafilerSHEEL F UM
for a given potarization sta substan absor be polatizer 300
when pol arfrone br R@Ppdlariss anhed b @ genolablel dﬁj’la)aﬂﬁdduls. Generally, polarizer 300
20  transmits incident light having different spectral characteristics depending on the plane of
polarization. For example, when randomly polarized light 302 is incident on polarizer
300, light of a first linear polarization state 304 (“ <>  indicates polarization in the plane

of the page) can be transmitted having a first spectral distribution, and light of a second,

orthogonal linear polarization state 306 (“  ” indicates polarization perpendicular to the

25  plane of the page) can be transmitted having a second spectral distribution different from
the first. Light that is not in the transmission spectrum for a given polarization state is
substantially absorbed by polarizer 300 when polarizer 300 is an absorbing polarizer and is
substantially reflected when polarizer 300 is a reflective polarizer. While FIG. 3(b) shows
the case of a linear polarizer, circular polarizers can also be used, typically in conjunction

30  with quarter wave plates for conversion between circular and linear polarization states.
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substantially reflected when polarizer 300 is a reflective polarizer. Wile
FIG 3(b) shows the case of a linear polarizer, circular polarizers can

al so be uwedsowpically in conjunction 30 with quarter wawpeTpaisat/esos or
conversion between circular and |inear polarization states. 13 WO

03/ 001284 PCT/ US02/ 09893 Pol arizer 300 can be nmade to transmt
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transmt substPahdrizat 300 ¢canrbe midettheranhmt bitsstdnitighty albVisitielighthhavingpakari zat i on
state (mhlte/black or neutr al nS|t é' Pol ari zer. 300 can al so be nade
transmit PRIaGRiAN Hipte Iapﬁmtfwlh%‘ 8ﬁ’é“% Ingng phthegpsibledicht ofrfhe AWt her col or

of 1ight t or dual
col or). Iggfa\ﬂrz ?tgoeéagtﬁgwg%énfmaa o e&?il?@hﬁ% tﬁé‘lgﬂ%ér%ﬁ? 0%812%?%?9%#8% ght havi ng
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made orBogenshYpRzatigstathcelaricglosy qr dpakqalery Podamizen3(f) ¢7g aligde made
BSI o 7t Binghieh EoBRGr e b ala Bhe poftrifflellsuflt aid %8*8%%9?*5”%3%4?318 O car 1y

i ndi cat edfithe Visible lighbdf thp otires 'pzlaﬁzaaﬁﬂ s%ﬂ(d@ﬁbr&)la&ikmgl’@lanm 1380 careslso ban
i ncl ude nore than one pol ari zer .,. to increase contrast, change col or,

provi de dipsle te gpymit sybstsntipkyjall &lﬁléplq lght hayigy one pelarizationstataabodranssit and a
coloring | col or

capabi | i tycjaogn hé‘ﬁﬂglvmig ? 8@?’ Pﬁcgl%n%aglgﬁ %Eé @8“}0%&? ‘;;zerlcqgwﬂ%zne or nore
retanders (e.gvhild ﬁbt%hécﬁﬁcaﬂ@hﬁdlbi'tad irpH(*ﬁBai)sepolaﬁm 30004r B4 sifleenhancenent ,
for coloration, and the |like Col ored polarizers and pol arizing el enments
are di s@obsiger can malude mere maalonpablarlé%rt(pan@ WO@Ly Lt chaneeerlangos, and

4, 770, 50810y 8P shibr tpgbit KRR nc R, o bitdepoimidBl and Brbiptod e’ 20°

transmt (éigf teatahcclttod el pyvidd (fufaEdS(ﬂdSht capBlilify; badihic ke oatfsincidat her ned
regi ons can be random or ordered. Exanpl es of patterned 20 pol ari zing

el ement s p&%@zem ajd| ang of More ratarders 42.8 o eadlteppplarigaiiangtaesnreontast 71, WO
98/ 52077 5. 449:
o S s EyS i SRR e PRy g b B e

conbi nat Id@smosé@fn Regiatidhall Iblichtysns OWOIIIgRIBal, WIOe6B 7308, aiid WD Den661at es
that can be transmtted by pol arizer 300. O her 25 desired col or
Conbi nat %0 B PatestNew ® HTg13s 545 bgshtiT P28 and A77A00.oRolarzesBE0| (* x"

denot es_ s siRhe ekRla SR dIRblcRiVegiofiPhBhnt ARk b8 dhak ifftorent

Pol ar i zatT0f
polarization states. Patterned regions can be random or ordered. Examples of patterned

20  polarizing elements are disclosed in International Publications WO 01/31371, WO
98/52077, and WO 96/16015, and in U.S. Patent Nos. 5,861,931; 5,235,449; and
4,466,704.

Table 1 shows examples of some possible spectral combinations for each of the
two orthogonal linear polarization states that can be transmitted by polarizer 300. Other

25  desired color combinations are also contemplated by the present invention.

Table 1 (“X” denotes possible color combination)

Color Transmitted in First Polarization State

White Red Green | Blue | Magenta | Cyan | Yellow | Purple | Black

£| White X X X X X X X X
1
e E
- Red X X X X X X X X
c
Op
~| Green X X X X X X X X

14



Wiite Red Green Blue Magenta Cyan Yellow Purple Black Wite x x X X X X X
X 0BcRdXx xXxXxXxXxXx Uis Geen X X X X X X X x 14 W 03/001284
PCT/ US02/w98B8012Bkue X X X X X X X X Magenta X x x x X X XRCX/USCY0989X X X X
X XXX Yellow X x x Xx Xx x x X Purple Xx x x X X x x Black X x x x x x
x x When the polarizer is used as a front polarizer for a liquid crystal
display and suitably oriented, these col or conbinations are revealed in

t he appearlance eket he i gpl ayed x5 char agt ens atd xt h¢ appearance ef |t he

di spl ayed |bac ound-—Forrexanpte;, & W e/ biack potarizenr canm pe_uged to
di spl ay bl|lack| EASPA¢t ef s lon*a lahi*t e batkground for * rotated ob | whitle
charactersg on|achac¢k Yagkgrkoundx | page rleversal (i.e.,xfljipxfljopping
character |col of,, and background ¢ol or), cqgn take| pl.ace for [any posgrle
col or combi nati-oA—by—rot gti-ngthe—polarizer 90 roman—ip-tad
orientatign. |rMupenedi’atg okiept &t i pnsX tlhat* i s| bet weer® 0 Jand 10 80 |from
the original orggptatipn,| age pl 0 possi bl e (e.g. x to achijeve desirgd
col or at i on—etfects;—even—+f—contrast—becores—sorenwhat—ruted)—As—used
herein, the term"color"” denotes a spectral distribution of |less than the
whol e visible ChI P t . ar sed to
absorb |ight i\ﬁR&otngggiraﬁ?r%ljrlgugggﬁ'@%ofﬁoglt%ﬁpﬁ%q@{glilgﬁg C%g%? EB%&%Q to

t her eby tshpdbiyotierted; Bhade color torgbihatidnelad relaledin the apyedeinss obitle displayed
context of the various dye-related arts. In this respect transmtting a

col or Sof churgpfersrad ke anpsaranse afithedisplayest bagkereund Beregnle, awhitgblackngt h
bands of |iaght in.,the_ vjsi. ' 3 f b o

subst ant ip§} %ern%anvl\)/g\}lgfaeqr?g(il%égyl?lﬁafﬁgayz{/g?esr?é?l‘é%%%%ta @%@u e’ %gag%il% >case of
bl ack al sghifethhtadrRfs 614 KlachBabkp®andf Irfdge\revankd (ice. SMpl floppifipwhtisiceeglor NO
nore than about 10% or 15% of any or all visible 20 wavel engths m ght be
t ransni t taad baekeramid|colaghean taln plaeestor any ppsaibisralernembination dyirefating the

polarizer 90° from an initial orientation. Intermediate orientations, that is between 0° and

10 90° from the original orientation, are also possible (e.g., to achieve desired coloration
effects, even if contrast becomes somewhat muted).

As used herein, the term “color” denotes a spectral distribution of less than the
whole visible spectrum as is expected when one or more dyes are used to absorb light in
one or more portions of the visible spectrum and to thereby transmit a color of light. Color

15  can be understood in the context of the various dye-related arts. In this respect,
transmitting a color of light means transmitting one or more wavelengths or wavelength
bands of light in the visible spectrum, or in the case of black, substantially no wavelengths
in the visible spectrum. The special case of black also includes dark shadings of gray
where small amounts (e.g., no more than about 10% or 15%) of any or all visible

20  wavelengths might be transmitted but still does not result in a dominant coloration.

Any polarizer suitable for use as a polarizer for liquid crystal displays can be used.
Suitable polarizers include dichroic polarizers (such as linear absorbing polarizers, for
example iodine-stained and stretched polyvinyl alcohol (PVA) films), reflective polarizers
(such as cholesteric circular reflective polarizers, multilayer birefringent reflective

25  polarizers, and the like), combinations of absorbing and reflective polarizers, and others.
Exemplary absorbing polarizers include oriented and stained PV A (or other films),

polarizing sheets such as K-type or KE-type polarizers, for example as disclosed in U.S.

15



Any pol arizer suitable for use as a polarizer for liquid crystal displays
can be used. Suitable polarizers include dichroic polarizers (such as

| i near abwordsionespol ari zers, for exanpl e iodine-stained aad/soe/essehed

pol yvi nyl al cohol (PVA) filnms), reflective polarizers (such as cholesteric
circular reflective polarizers, nultilayer birefringent reflective 25

pol ari zers, and the like), conbinations of absorbing and reflective

pol ar i zeiPat. Nond,666/228 and bireiml. &ayl aldsGiohiio GrapahiafModscalar and ude ori ent ed
and stained PVA (or other filng) %Iarlm ng .sheets such as K-type or

KE-type PBFEFISseRie Pf%ﬁ‘%)@éﬁﬁf’lé‘“é%‘ sed PB@&IO%CQP%W?EBOf\MHM@}CGb@ﬂM
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Di spl ay Applications, .. 45-57 (2000), guest host pol ari zers as wel | as

others. 5 Eveﬁvs@pa#arl,@%rﬁ that wepld gt othervise B fhavghisef ap suitabigieandidates fer
i t abl b
Ul 2 R oA ol S oSNl SR el R g can be
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glare and re [ also

G ve a mapRfiny ] Sag e iehE SR E pdi g ol GoE oAb SR ReBBg" 3

usergo | Rostrdst aHb@BEerVREEQIVRPDIdRZEIs@an Als6 gl Lmetalliedodldng displayyhe user than
optimal optical performance, reflective polarizers, or other non-

convent i @nmar«mcg mat pw&reupi@ﬁ@g t@r@em%sea%éa sitpgftoss (Y‘fb&?ﬁg@é@ﬂl?swe BIOT¢  ont

pol ari zer.s n nt r r ved
opti cal blgp? usgr th%wr)gtﬁn @eﬂggﬂ ¢ erF“ Bgép%%e régarq%%'fst raorﬂzg;}c%t §r| stics.

Thus, |nc@n@%ﬂ@ﬁﬂ'ﬁoﬁ@?&%z&&]&n@&s&% InftetEitinigedbi iyl 0P\t HE1atiZes éh then
consi derations as well as OP'[I cal performance considerations to be taken

into ac @Bgmfowvétphérmo@@itmg a@Zﬁrﬁéﬁlt impaoad; opigal pEkfeﬁm@pya@aéé@ aglyexe

pol arizers for use | Q ed |n
I nt er1 atl gﬁéﬁprﬁ% F%g a}“i')cns S\A%éegl%ﬁﬁ]&genec? 1 ﬁﬂggfﬁ gﬁ?%%‘? enﬂ{n?%l

pol ar i zemngstkéit ddasidadgons wtwelkddi dptitalPperfotifarice Residdratiie &b bataken into
characteristics for either or both of the two orthogonal polarization

st at es. |anccglehwhmch<@§1@gt&frm%90b6¢%rn zers |ncI ude a host matrix and at

| east one gue 0 n t
exenpl ary errb?d‘lef?énatr%gu%?ggg pF‘fos gf r;urslgzﬁeﬁlg sﬁﬁt 1%V%}R§n “rm‘fléﬁté ar matri x
t hat hol @$sclosed in International Publications WO 00/22463 and WO 01/31371. Guest-host

20 polarizers can be made that exhibit a wide range of spectral characteristics for either or
both of the two orthogonal polarization states. In general, guest-host polarizers include a
host matrix and at least one guest dye disposed in and oriented by the host matrix. In
exemplary embodiments, guest-host polarizers can include a molecular matrix that holds
one or more types of dye molecules, at least one of the types being pleochroic dye

25  molecules arranged in one or more predetermined orientations, so as to polarize incident
light depending on color. Dyes of the same orientation can be mixed to produce different
colors, including black.

Guest-host polarizers can include molecular matrices that orient different dyes in
different directions depending on the chemical structure of the particular dye being

30 oriented. Combinations of different dyes can be incorporated such that different dyes are

oriented differently in relation to the chosen molecular matrix. In this way, combinations
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one or nore types of dye nolecules, at |east one of the types being

pl eochroic dye 25 nol ecul es arranged in one or nore predeterm ned
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anot her color of light having a different polarization state), color/black

(trandni tPelagaationsgpt ,ObWhB?@%ﬁB(tﬁ%ﬂS%‘ﬁ swhstantiglly all yisible ightinf ogebst anti al |y

L s SUBAGPLL RIS PSSR BB OB BRkaT,
absor bs suiestfimdyealin the3hhe Bbdidhatik sibgie kis@ it Yniqueodddortind Gudi doidr ent | y

orienting dyes in the sanme host matrix can give rise to _unique color and
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pol ari zation is determ ned by the wavel engths of |ight absorbed by the
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made Usi a bl ue grienti Yy d.a vell ow non-orientin dye. so that
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yellow dye is oriented to give yellow light for the orthogonal polarization state. A similar
20 effect can be realized by combining a polarizer with a non-polarizing color film or tinted
film.

Using a combination of orienting and non-orienting dyes to create a polarizer can
provide more flexibility in selecting dyes. For example, once one or more suitable
orienting dyes have been chosen for an application, one or more non-orienting dyes can be

25  freely chosen and added to the formation to produce a variety of color combinations.
Different color combinations can be achieved by changing the non-orienting dyes without
changing the orienting dyes chosen for the application. In addition, non-orienting dyes
might be more commercially available, especially when higher purity dyes are desired.

Guest-host polarizers suitable for use in the present invention can be formed by

30  coating an aqueous solution of one or more guest dyes, such as pleochroic dyes, and a

lyotropic liquid crystal host material onto a solid substrate and drying the coating. The
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provide nore flexibility in selecting dyes. For exanple, once one or nore
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20 that can be dried to produce a single layer that has dichroic polarizing properties. Because
the levels of shear stress created in the liquid layer during coating are low compared to the
shear stresses which might cause mechanical deformation of rigid substrates, the process
of forming the dichroic layer has a reduced tendency to create stresses that might distort
the optical properties of the substrate.

25 Molecular matrix materials suitable for the present invention include lyotropic
nematic liquid crystal host compounds of the type disclosed in U.S. Pat. No. 5,948,487.
International Publications WO 01/31371 and WO 00/22463 also disclose suitable host
compounds as well as suitable guest dyes.

As discussed above, the electronic devices suitable for use with a releasably
30 attached front polarizer according to the present invention can be any electronic device that

uses a liquid crystal display module to alter a polarization of light in order to display
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device 4 dep| cts a PDA 420 that includes liquid crystal
di spl ay 31486 agér%ge‘fl 45’1)0 adapted for releasably receiving article 10 that

includes a fra@g. mb aéplateapm42(b1madirﬁmclas/1@5dé@@tal WapMyRDOSnd fat igde a
touch panel user interface. As such, in many instances, article 10 may be

posi t i onadanied {esaelcasallyrensevinganislc Wrthatiaclpiys afmentipearizgefor e displaypa,  and
| tj h h h
gﬁr %& Pﬂ)@s l%a%d%a?cglgyb%n 1965 mIe‘Pfa&fi%%’ g&c Oﬁa['}galf}%& ]il(%?l Ve?lé rroug

artlcF’| irabl e for ere y thin

and conplioafdy teopdshivhed Betneas theadtth pa@sidfithé PDAGInditheuded O the[PDW| andap be
substantially maintained. 20 FIG 4(c) depicts a car radio 430 that has a
|i quid crbesessr will Bprpplying thedaepettp agtivate the touch panel through article 10. Thus, it

may be desirable for article 10 to be relatively thin and compliant so that response and
resolution of the touch panel can be substantially maintained.

20 FIG. 4(c) depicts a car radio 430 that has a liquid crystal display 400 and that is
adapted for releasably receiving article 10 that includes a front polarizer for the display
400. In some instances, a car radio display may include a time indicator, a station
indicator, and one or more icons or graphic indicators. Article 10 can include a patterned
polarizer, or more than one different polarizers covering different areas, for example to

25  give a different appearance to the icons versus to the time and station indicators. Similar
effects can be achieved for mobile phone displays, PDA displays, or other displays that
might combine two or more different areas that display different kinds of information.

FIG. 4(d) shows a wristwatch 440 that has a liquid crystal display 400 and that is

adapted for releasable receiving article 10 that includes a front polarizer for the display

30  400. The often circular shape of the face of a wnist watch such as shown in FIG. 4(d) can
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adapted for releasably receiving article 10 that includes a front polarizer
for the display 400. In sone instances, a car radio display may include a
ti me i ndiwetoonpi2a4 stati on indicator, and one or nore i comsTaArSoyo@mphi c
indicators. Article 10 can include a patterned polarizer, or nore than one
different polarizers covering different areas, for exanple to 25 give a

di fferent appearance to the icons versus to the tine and station

i ndi cat opgovidé 4 dpportudfty eclefeasibly Steachakioty Btlat ity desibid retapbaoeientaged ays, PDA
di spl ays, or other di,sPI ays that . m ght conmbine two or nmore different areas
that di sﬁpé(yrmlpf"é?é‘ﬁ@ekﬁ%@@b?%‘ﬁ?’b?%tﬂi’éﬁ?ta‘Fhe@ito thedyatethows a wri stwat ch
440 that has [.Qul . i i

rel easabl e re?&k%%igggrlglﬁ%b? qgﬁtﬁﬁg@éfer%g%gggwtgq%roﬂﬁ? e%(ﬁ)t ar@}ogig?tft? %r t he

di spl ay p3fari46i0o akbethedisphytippedthme, conapsg, eflotation,fand @holike tovidjadt tovat ch such
as shown in FIG 4(d) can 19 WO 03/001284 PCT/ US02/ 09893 provide an

oppor £ unichgnged lightingeqnditionss arLyRN K aGhiqve afigeiee oA RV HYdPelatzer oxrightcd At

orientati,Qn.. . . ] Lit i . Lt

att ached ‘oo RS Bl T Potiss s bindRfe S8y WPl S dlpih | o,
user to rceldiWyilé 8 walstwedtth pRwidep ah dlusetivd i@stahdegtotthisly gosiplbasbl@fpaar ance,
contrast, coloration, and the like, to adjust to 5 changed |ighting

condi t i omslarigers avayrperagapiesifensad applacsh loany elegironin dgvicpbrvang 2 auiderysialed at
45 with 1 i?si)gq%lcgeggr%éqtstg?f %%@ng tlh E):?Mfa?i%&%rqg el?ggs%l%,lgv? éer}nra?igrﬁm 4%1? ecpt .tflehe I quid

crystal ay wat ¢ es an rative
I nst gpce deviet atreddditid sliebtréie BéBedsRf! be frolided Wh&oﬁﬁi‘blél%a?iﬂ&i&%.f or and
applied to any el ectronic device having a liquid crystal i spl ay,

regar di eRetasinggetatahle rdaepglatizaricar be hsedite changg the palrrizstippatatantilighhthabiched
to the 10 device..ln,addi.tion, .electronj ¢ devices g .provi ded with

rot at abl & ?%%ﬂmﬁ%q tggp% g?'é’.d C“ﬁ%"}l S?lfﬁ"é néocfru gattlgf’ 'agrll %rafté%%rogg?rggrt?lg é?a?can be used
to changgotabiQemhaglwezlageit@&eﬁstaa{eevimal EAfEIN astrBiting kife frépdMzEed to the
liquid crystal cell for nodulation. In practice, rotating the rear

pol ari zer can Agidiscussederelegsatiy atiacheblg agiglas that finadede fxentpelasizeisgar he front

pol arli zZer. 1 As. di scussed .relee\gs QI %( Sﬁ%téﬂ rg%bl e ar i{:ilner?1 t hat lairirZ]Crl‘ ude front
pol ar'? zePSAEEHEFEMS, albs Y 15HE? erar‘i%?ﬂ £5ingLnG ﬁﬁ%\?/& étpstrates or
| enses t Ragberk,TaédptiRestorRher shdtitsms haViatBde h pERALSIRIhAindHideed tradéalissiviee s
that include a polarizer or that include a transm ssive substrate, w ndow,

or | ens shbstraleaslindtes oalqns et incbydes apalasigers ond o forths HthgheRFEss. 46 ( d)
LU SRR R b 5L P HB O lf SE R T
liquid crugdtahg BbsiPokitizerstb lehRfromie dévic@Chhtin@ludé iqad @fystal Gisprgs, @ith@ne or
nore ot her renovable itens, is contenpl ated.
20  directly or through the use of one or more other removable items, is contemplated.
FIGs. 5(a) and (b) illustrate one way that polarizer-containing articles can be
attached through the use of another removably attachable item. FIG. 5(a) shows a window
500 that includes a front polarizer and that is adapted to fit in the window aperture of a
removable faceplate 510 for a mobile phone (not shown). As shown, window 500 fits
25  between the faceplate 510 and the phone, and the faceplate 510 removably attaches to the
phone by any suitable manner. Suitable means for removably attaching faceplates to
mobile phones are disclosed in U.S. Pat. No. 5,768,370. FIG. 5(b) illustrates a similar
concept where the window 520 containing a front polarizer and removable cover 530 are
adapted for releasably attaching to a handheld computer device (not shown).

30 As discussed, the present invention contemplates repositionable front polarizers for

liquid crystal displays of electronic devices in embodiments where the repositionable front
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FIGs. 5(a) and (b) illustrate one way that polarizer-containing articles
can be attached through the use of another renovably attachable item FIG
5(a) showoasmindow 500 that includes a front polarizer @cd/tSaz098p3%
adapted to fit in the wi ndow aperture of a renovable faceplate 510 for a
nmobi | e phone (not shown). As shown, w ndow 500 fits 25 between the
faceplate 510 and the phone, and the faceplate 510 renpvably attaches to
the phongidiivedMyaySdt hadt bEREIBREbly Auhilablee FHRaREndl0)a pRamMéRBAYbAL t achi ng
faceplates to nobile phones are disclosed in U S Pat. No. 5,6768,370. FIG
5(b) il | guitatdy mwuntedjomal angeddransmssivigipiatesq ticambatlied Bhtive émthgiphinepfa front

pol ari zer, and .remyv.abl e cover 530 .are.. a ted for.releasab at.taching to
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i nventi oréxgmttmk@h%oﬂaﬁ% lat le@ftaoRtidr SMimbIektAghZz@atdde@mot fifstipd d Ccryst al
di spl ays of electronic devices in enbodi ments where the repositionable

front 5 20hpaelotedone galapzr/ Thiyapadlo® mers|lght toeanter e/ displayrayhictoin thm

I bl t hable. E I T b i t.abl ted
2hi ngea bh Gt i < Brefer figtlay BPPeetoa inBE riiocEmPlr a¥Pme BPnERe dikne of
the di splgytcaf BB v thR AR HyI6¥ah 2 khrB@sehE tifted-Tp HroRX poTRY Lor. Iridebd N t he
front pol arizer can expose'the display nodule to at | east a portion of
anbi ent  Iviggring threnghdoiedisontipotasizenyeansnhamos digplayreontrass by lipaiting theer . Thi s
can allow. nore light to enter the. di spl ay, jch in turn an lead to a
br 1 ght er Spaispay Idk5sb AR bkviss infroRResdi B obchol vt il oBBhEY FRGSHEE The
user jgan tgd del’s th&Wr LBkt 4N a5k t&vpelatagigraﬂlgmﬂw&uifblé feflbdtRes BE thé ont

pol ari zer. Indeed, view ng through atilted front polarizer can enhance
di spl ay .csplayastsideyfrom petfomganch benedits, éitablei foomt polggess nhagibedesrabidtorani se

i nt roduced the to | arizer, and aften by direct.in 0 the user's line
of i ght Gt Ot (o et et ol Yo SaFPHSLEPETIBCPURENS { ¢ he
di spl ay. ifgsdGisplap W QEWRR IR BISPIRY hiculelditeb PR, oPHrouldhl tBE kR S My be
desirable t0 a user based on a "novelty factor™ that capitalizes on a

user's spojarizen ané thenisesing thesmagnmagicallytacappdirgpon phidtinghgaze baduihngpghhe

di spl.ay nodul e directl i.e.,. not through e front ol.ari zer nd then
Seor i3 NP Foigeiarizey Sushiaovbiuh fstes St i addhforthe Fipsyspeairekiiteflgn 1e
the frontepalBlia&8EhabRUht PolBiYEls iifat cAE bObeteARd 31 2R ARG ) Gng ONS UMTET
desirability o rel easably attachable front polarizers that can be

det ached regtiachealbyarsersnuhdepeandentimn anestylizatios doinernsserdssirdsndependent from

any stylizati ncerns. or desires. Tiltable front polarizers can be
provi ded so tﬁg]tta ‘?1&9“ éarPZ@FFdi?ﬁl?Ffr%‘W ??ethatttgeya‘_ﬁe r%?‘é"@i’:lyo‘maﬁh"cﬁt\?ia@e or
per manente ety 8hik A6eE of FerRRn&tBHfaliidto 48 it Gonil Aeliké. Ush fifksRateFIG:. 66

20  shows a mobile phone 600 that includes an LCD module 610 and a tiltably connected front

polarizer 620 that is attached by a hinge 630. Handheld devices such as phone 600, PDAs,

and others may be particularly suited for tiltable polarizer applications since users have a

natural tendency to hold such devices with the display tilted at least slightly back. This

places the display module in position for receiving extra ambient light when the polarizer
25  istilted up and for directing the user’s gaze away from the peak glare angle. Having a

tiltable polarizer mounted as shown in FIG. 6 can encourage the tendency for users to tilt

the device away, yielding brighter display appearances with higher contrast and reduced

glare as discussed.

Tiltable front polarizers are one type of repositionable front polarizer contemplated

30 by the present invention. Another type includes front polarizers that are rotatable with

respect to the display module. An example is disclosed above in the context of a front
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20 shows a nobil e phone 600 that includes an LCD nodule 610 and a tiltably
connected front polarizer 620 that is attached by a hinge 630. Handheld
devi ces swolzasizghone 600, PDAs, and others nmay be parti edarardoyosested for
tiltable polarizer applications since users have a natural tendency to
hol d such devices with the display tilted at |east slightly back. This

pl aces the display nodule in position for receiving extra anbient |ight

when t he jaokki feh waRtwaich tHat B& 4HL@D GnddRlle. A bt@@bleTEbrt PElaHERS c4n BAZE away
fromthe peak glare angle. Having a tiltable polarizer nounted as shown in

FIG 6 camplmantedayith atedavigecontonplased instbe presentinventionradgevbee away,

yi el di ng brj.ght er a ar ances wi th . hi ntrast an r educed

U oo ag canitushsotebBle Yo BB MATS R r g dipt ariehRloR b S be

repositi ggapbe \fvﬁlwttaeﬁé@asﬂ réﬁiliab%)&il? UpbRE&EchniAt Bd felaﬁadhhfé‘ﬁ?iﬁta diftgRRt | on.
Anot her type includes front polarizers that are rotatable with respect to

t he dbsplosigntatidul Botagablesikentplotarizersdan bt vsasldongaiok imagetheersalnfoestanafle a f r ont
21 WO 03/,001284 PCT{ USO olariz f.or Wis tch t hat n LCD
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cont enpl ah@dcteRs dnlEdRk 83&IFrounAY Sdpktially asal‘f?xti(ﬁ@ RoR@itiofO¢Hah H8I M Sbner Ot at abl e,
rotatable into two or nor€ discrete orientations, and can be rotatable

whi | e at ttwobfiattive displags, sl efloctive apdeninvige anhtremsmissick mede nzagheEnt in a

different 5 entat on. Ro atabl e front polarizers can be ed for i ck
age T oitedly e K inab e it oletion cah S TS rie PRt SR ehi g 11 om
dar k jghar@&gi&f sp Qé}ax?céw}%ﬁer*?ﬁ‘r‘éf%ﬁ’w thRsinisORE m&f&%”y%ﬁ&ﬁfl? réiiti dar k

background espeC|aI y as lighting conditions changé. In Sone
t r ansf | egolarzedwbel sazylschmgimtweéd dsplaymodesdeAs ammgter amnplammmnsdl ve node

i nage are . nutuall i vert d. Arot ble front olalzer W a user
o o Sokzetdey ablatgts du Ay ke culo pola sl at i p
transm Szhff@reﬁ@ggof?é’oistﬁé b@ﬁh%er?] ehibd R alRPIRR vERN HRLY HPbdraiticNbr

bet ween di spl ay hodes anot her exanple, patterned polarizers (e.g.,
pol ar i zerisstarivatbytrelacemgta whirtidudareegion of the pokndérarvepe defdrardtareard thf | i ght

from different s of the arj.zer) can be rotated to alter the
over dP| dii‘?;lﬂyaf? éﬂ%éﬂ%ﬁ‘%ﬂ@%gﬁ}l?fé‘%ﬁ&eﬁr% rel ocating a particular region
of the pol ari zgL,3@M&H t@regbilﬁ&{a%fht mﬁrﬁﬁa&falfz{ﬂﬁcﬂailéjﬁéxﬂ'p%l’arfz@rscﬁ%&Qﬁet he

appearance of that dis area. In additi'on to repositionable and
r el easablbgnefididab addpe refﬂeohtze mollaELChsifer, viewingahrongh a bemetelydbeated anabydtayet

el eoL v, e LOT% AL eI Chr U B el el Lo s analieL a0
ot her hangh %Bﬁable electronic devices can be equipped with LCD modules that do not have a
20  front polarizer. The displays of such devices are not easily viewable unless viewed
through a front polarizer. As described above, front polarizers can be attached to the
device in front of the display. The present invention also contemplates that the front
polarizer can be remotely located.
Remotely locating analyzing polarizers can provide several benefits. As discussed
25  above in the context of tiltable front polarizers, remotely located front polarizers can give
rise to brighter and higher contrast viewing of reflective mode LCDs because light
illuminating the display is not attenuated by a front polarizer located between the display
module and the light source. At the same time, display viewability does not depend on the
distance between the front polarizer and the display module. Thus, the front polarizer can
30  be located anywhere between the viewer and the display, including immediately in front of

the viewer’s eyes such as on a pair of glasses with polarizing lenses or windows. Viewing
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and portable el ectronic devices can be equi pped with LCD nodul es that do
not have a 20 front polarizer. The displays of such devices are not easily
vi ewabl e wolisssi284 ewed through a front polarizer. As des®drThesd2/edsoyve,
front polarizers can be attached to the device in front of the display.
The present invention also contenplates that the front polarizer can be
renotely | ocated. Renotely | ocating anal yzi ng pol ari zers can provide

several hengilay tat ddes elbzsleuﬁa@d froRPpAR@xe thrBudo18@Ahe BlasRE chil fivaklee front
pol ari zers, renotely | ocated front (gol arizers can give rise to brighter

and hi ghefnevmnnremenvpémwgyemw threl dasplayie nnbmdlbcmwa'el@mjgelook@hthat are
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vi evabi | ighti %109 e} c6l8RANAohioRR: display altaf:@ant&trwﬁry viéeed theduighRetahi zer

and the display nodule. Thus, the front polarizer can 30 be | ocated
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vi ewer an el enent of privacy since the display iS not readily viewable to

onl ooker playentandreeequipped aathi differdnily cdomdlaadfloz differently caigdted pabgizeg of
privacy c n be col or. or cal ored, nronochrone
G spl oy eeesdaba BETFER A1 PitiEaion oG GHTERP R 5 9Es) DPEPIRA S er . but
not §gsi Ipyayét Eaest iU An&hBehsd vids varsyari ation on that thene, an

el ectronic devi ce such as a handhel d el ectroni c gane can be designed for
mul tipl e pl ayddescouphisg rohhpolatizpd GymdiiDscadi a‘ls‘oalemtlisq/tocgnd:atcre‘ttxamwyon

di f ferent ol.ari ed.| s SO bee with
G o oniligmfatis hesivg BB Rt G 2ahat hasfarive it ERBEE | of -
differ enfdleﬂag»fvdogham&ﬁae%q uid @y st8XRMP 18, foﬁ%tlbwmuvatﬁw e to one lo

player can bée hidden to another, “and vice versa. De-coupling front
pol ar i zemsldrizatorl GDight area ;mdlargner/éZO iagefl¢atordi26 as Eontflight ghidei789), and a

illumnatin reer rom.t h . F G shwsarflective
| oS o e np et J4D w o Ee 120 AN eRsE 28 opf B FeriRGL e SRLFPM T o
sel ecti vely, Mfehe&mq)oweer RRA aﬁgo;mh%gaaaéerlwoamd to% reA8dtoR Rlcdmbzftiord 20, -

reflector 725, a front |ight guide 730, and a 15 front polarizer 740.
Pol ari zerreﬂezmvapdlaneérlaedtabsorﬁ'iﬁgpomnztxeambthbﬂlﬂ{ed()thﬁropbm elimentsian bsuch as a

reflecti \g&q%ol ari zer, and gsorbi ng pol ari zer bonded to a reflector, a
conbi nat i erpé?sle%‘ﬁ%%' rizer and absorbing polarizer, and the |ike.

Qther optical gl @MRRE 5uid&73PR designed as an internal light source (as opposed to an
20 ambient light source) that generates light and directs it down through the liquid crystal cell

710 for polarization, reflection, and retransmission through the liquid crystal cell and the
front light guide so that the light can be analyzed by front polarizer 740 to display a
viewable image to a viewer 750. De-coupling the front polarizer from the display module
allows the front light guide to be placed between the liquid crystal cell and the front

25  polarizer. Therefore, more light emitted by the front light guide toward the liquid crystal
cell is available for display illumination because it does not have to first pass through the
front polarizer. Furthermore, the construction shown in FIG. 7 is less susceptible to
reduced contrast due to glare from reflections off the front light guide, or due to light
undesirably emitted toward the viewer directly from the front light guide, because the front

30  polarizer, being positioned between the viewer and the front light guide, can block some of

this contrast reducing light.
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al so be present in display 700. Front light guide 730 is designed as an
internal |ight source (as opposed to an 20 anbient |ight source) that
gener at eswbiogloi2and directs it down through the liquid crysralSowedsbs 710
for polarization, reflection, and retransm ssion through the |liquid crystal
cell and the front light guide so that the |light can be anal yzed by front
pol arizer 740 to display a viewable imge to a viewer 750. De-coupling the
front pol ari zexs discussddipeevdosy, dhe prostit Riventidronso ¢dneenhplates rdm@lablegmidde to be
pl aced between the liquid crystal cell and the front 25 pol arjzer.
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al so contenpl ates renovabl e and exchangeabl e di spl ay nodul es. D spl ay

nodul es @adeHes. | Prefardthndedevies indesgnedins adepipd s thatadwen phthedevice c@hange t he
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A o L T e L
techngl ogy 5 dISps@yscheimafitilylshé®s a Blsplalymadtiute SEMhaES fiandfunenapre di spl ay
nodul es can be designed or adapted so that the nodul es can be interchanged
at any | displaying inagesconge suigsbly elaeteanicallyfcppactadeo gpoyienspureqaidghent

manuf act yrer,. t he. assenbl er , h S of. th i.spl.ay_.or, device.
Preferab ?/C!uls["‘r?ee?e gr\c;lﬁlgg f%r"%ggfegaﬁtégh%?n?%g%ng%%fg5n (fdrl'ulcift goaodctfél gore SoPplfel‘ﬁie devi ce
can i nt evitheplaeality SO4iAY o dEHERSrs 811D it barB bt thiccaednnktieKslef 3XbasrBgideg t he
device or the display. 10 FIG 8(a) schematically shows a display nodul e
800 t hat 1 thefelgotrpnic device Griishevsn). (mspstesslolgB20magee bitably mopnigd i the

el ectronical | v. connected.to ower source and .the . requl site el ectronics.
For _3F npFECapYis B o St ol s SR A Sa Shaher dohia) Bl afe fefir 2
pluralit ;ﬁnﬁfdg BHcR $nt6 pl4e Fer@epla¢inchl Of ijadoveRNwhlols ] fabdplAcPartiGRE BRE Bat S| Ot
820 provided in the electronic device (not shown). Connector slot 820 may
be tilt ameye remayved dor exchangineshe display orvideled dvisplay modulkes can bgyingiehangedasi | y

renove and at.tach displ ay ules and then tilting back into place for
repl acen@?ﬁﬂ‘g? a%%?%’é@énrcé?n%q%dom, facepl ates and the |ike that

FIGs. 8(b) and (c) depict the exchanging of display modules to change user

20 interface functionality and to provide a larger display area. FIG. 8(b) shows a schematic
cross-section of an electronic device 850 that includes housing and electronics 852, a
display module 860 equipped with electrical connectors 862 for removably connecting the
display to the device, a keypad user interface 870 equipped with electrical connectors 872
for removably connecting the keypad to the device, and a cover 880 that includes a keypad

25  cover 882 and a window 884. Display module 860 and keypad 870 can be separately
removable or can be parts of a single unit that are removable as one piece. As designed, a
user could remove the cover 880 to reveal the display module 860 and keypad 870, which
in turn can be removed. FIG. 8(c) shows a schematic cross-section of an electronic device
850’, which is the electronic device 850 with an exchanged display and user interface. In

30  FIG. 8(c), display module 865 is plugged into device 850’ using connectors 867. Display

module 865 has a larger viewing area. Display module 865 may also be equipped with a
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were renoved for exchangi ng the display nodul e. Display nodul es can be

i nterchanged for style and/or for functionality. FIGs. 8(b) and (c) depict
t he exchawgioagorB4 di spl ay nodul es to change user 20 i nter fraaaiSoermasvs onal ity
and to provide a larger display area. FIG 8(b) shows a schematic
cross-section of an el ectronic device 850 that includes housing and

el ectronics 852, a display nodul e 860 equi pped with electrical connectors
862 for namh\ypabéhuseointefate wyeplace thdifsmpeakeypadtler ideyiace, A ackweppacladser
interface 870 equi pped with electrhg?l connectors 872 for renovably
connect i K& 2l§e br eypigd that hawa leser dndoynarea 8dgver 880 that includes a keypad
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di spl ay nodul e 860 and keypad 870, which in turn can be_remved. FIG 8(c)
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el ectroni i it i 3 i In 30
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al so be equi E)ped wth a 24 W 03/001284 PCT/ US02/ 09893 & touch panel user

i nt er f ac&adylasetoirgplace low resnluiion disglawmodules withthaghes resolution digplyver 890 can
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serve to illTustra entive concep excharigea | ay nodul es
and ape mddulssgad thelike |imted to exchanges shown. For exanple, 5
renovabl e di spl ay nodul es can be used to replace a nonochromati c LCD nodul e

with a full &sferngbpskiedg ayventiyecepeat ef wmavaple fivatipelanizars ibeidthser

a1 o1 A e B Bing b Bttt BRI ARG bl ol B d e L 0

resol uti erecetbsipldayiced) thd fresent inkertionhtliows asevdimensich spflébilikpriul es, to
repl ace display nodul es that no quger function with working display 10
nodul es, castemiZieg amddas-cusienuzing the sty ampeamecd of\aarelacrenicis¥iEpdyof renovabl e

fro nt1 ts Eg ls?lgétlzne%r]a%g ririltte{cgl?ﬁ]%igg gpgtséo?n%lgfﬁ atEor QXaerﬁgl% %J%Lxh@é’t te QI?alJe a4 tnho%%{ arizer

from e [v] yS e’in crroni EVI CES, the present

i nvent i oRf Helriect@dnitakvibe@nSiAers @bulllpRidhasd dreYorinfore Aiffdrentifionb folafigers
re-custom zing the display appearance of an el ectronic device by 15
sel ect i nghatsan bainésrelrnged toeive Bedispiayamiqusrappedraces suahss black wowite t he nake

and m)delwhite on black, color on black, color on white, black on color, white on color, color 1 on

color 2, mixed colors on uniform or mixed color backgrounds, and so forth. Additionally,
20  before, during, or after the point of sale of an electronic device, a consumer may select one

or more desired display appearances from a menu generated from a list of available styles

for the particular electronic device and/or the liquid crystal display provided in the device.

The chosen display appearance(s) can then be correlated to the appropriate front

polarizer(s), which can then be provided to the consumer as attachable articles along with
25  the purchase of the electronic device or as a separate purchase.

One manner of allowing the selection of available display appearances, and
therefore front polarizers, is through a computer system. Referring to FIG. 9, the computer
system 900 includes a central processing unit (CPU) 910, random access memory (RAM)
920, mass storage device 930 (such as a hard drive, CD-ROM drive, diskette drive or the

30  like), a display 940 (such as a cathode ray tube, LED, LCD or plasma display) and a printer

950 (such as a dot matrix printer, a laser printer, or an ink jet printer), associated such that

25



of their electronic device, consuners could purchase one or nore different
front polarizers that can be interchanged to give the display unique
appear ancwe oscizsas bl ack on white, white on black, col orcarusot/easks col or
on white, black on color, white on color, color 1 on <color 2, mxed colors
on uniformor m xed col or backgrounds, and so forth. Additionally, 20
before, during, or after the point of sale of an electronic device, a

consuner th@gPBalaf¢éadand wiite tdihe R A020ead dhsphayst@pReddvadtsy, dngbntoNenu
generated froma list of available styles for the particular electronic
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like), a display 940 (such as a cathode ray tube, LED, LCD or plasna
g@‘eﬂldpri nter,

di spl ay) caneectiopviathenetwogol Q03 els cgatral sygemntd0pi Xhe eerradpystam [l
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output of the printer 950. Conputer system 900 can be a hone conputer,
i n- st or e timetokimg chigumethod pEeanmectippanay baithsgugh dirgelorgadipest. gy yhmedanl | ect s

o e EIREb ol L B D e e, S
enbodi MeR{ieless OMECESN SY5Y /1Y ARG appfdpHBteGostBACt ed to a conputer network.
Referring to Figfhlo’ t he network g%@o can include a plurality of user

n

systenms 1001 KGanhkista fow ohaat thatdepitswoneexaopde ofchoav @ user oarustgmeramgh05. The

central system 1005 and , each u tem 1001 be n f . the type

GescrPbeaUaInE sphyer Shltab ot RSt ko VR « REREO B Wadlistet i ng Lo

the cent gl ofdes ftPuihbsdéhel driste FHontBO a2y fdr cQEbmizinEort @yltﬂir(rj@heﬁaeidrret hod
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of connection may be through direct or indirect, e.g., by node over a
dedi cat edrystabdispy madwde ofanealectmonicrdesiope Aimgityy sice may dadhdetsrmine i nt er net) ,
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device to be purchased along with an order of one or more front polarizers (and other

20  optional components such as stylizing faceplates), or whether the electronic device is
already owned and is to be fitted with one or more additional front polarizers. This step
may be important because the availability of front polarizers for a particular device might
depend on whether the device is a newly introduced device. At any decision step, an
unsure or indecisive customer can have the option of being directed to a customer service

25  representative or help line for answers to questions and/or for completion of the ordering
process.

After selecting whether a new or existing device is to be stylized, the system can
retrieve the available categories of electronic devices for which front polarizers can be
purchased. Using this list of available categories, the user can be prompted to select a

30  category that matches the user preference. Examples of category delineations might be

mobile phones, PDAs, other handheld or portable devices, household appliances,
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15 interface with a conputer system 900, whether or not through a network
1000, to select and order for purchase one or nore front polarizers for
custom ziwg wrnoeBylizing the liquid crystal display nodulpeTafSozmss3

el ectronic device. An initial step may be to determ ne whether the

el ectronic device to be stylized or customzed with a front polarizer is a
new device to be purchased along with an order of one or nore front

pol ar i zerauatonediie@isp@lys 24hdithidr dedices BEkRAON b a Sateforaad by hiedito getfiaeap| at es)
or whether the electronic device is already owed and is to be fitted with
one or ndiskofayailehle makes amghmodsls af gloasiogic davicss foapthahepjegsey. i Thsdisenean
because tfie, Quald AP LA Un® ndib e MOUATASRL S [0LBn PREL § WbiBligf i ce m aht
depend on eUher the davi e Ts a ne y 1 ntroduced device. any deci sion

step, an mdkes ti®motels,Heystdny CarCie&icvBRIl thdposhidlCaridng A0pdbIN 106k EbN@ie
directed to a customer service 25 representative or hel g@[gl ne for answers
t o quést idispleynfdhodeviesringonagiiont iFonexAmple.a dsnley saseen qgn 6B@s 8 picre@f the

sel ecti ng,whether a or, existing.,device is tobe stvlized, t stem
can” et RPEOS CRlee Bod e fneef o BRE e P Bede oy e St £ 8 Bl 1
front polikd iseptéte@ne BPrefBrened) a0sitbnalls ith@appehntd 6f the Facepidtel crlbeer of the
categories, the user can be pronpted to select a 30 cateqgory that matches

t he user dgviet euebearicehbyithe bser ¢ halpdetgomipe de oy ereldevine styliggitonigad/ofrbshi | e
phones, PD@S of her h‘gndhe ge ir gortabl e devi ces, househol d appliances, 26
VO 03/ 00 P58 BEPTIEE2/ 004 Pt bnot i ve di spl ays. and ot her devi ces.

Sel eqpi on of FHeAEQAAN YhéAdhob&: Qe bPniodd *1bENE for thleid%%)la@rf Tavd | abl e makes
and nodel s of electronic devices fromthat category. The user can then

choose t hpecfengheesaxan besaked and gorrélated withethel particelar fronfupedarizgn (or pthemitams)

selectio f kes an del the system can,retri.eve 1 he possible
andior s maiEaie e SFETeC bt TR SRb e s et ol Re B For
exanpl e, an tHsibae St that AoRIBPW réadits bl pRced. BéBre FIRQRL hedRddrCReand
allow the user to toggle the appearance of the device's display to help

t he user spsemacan npticnafy gfamptrwhethepothico ek pre al$petodsparchasese fasfexample

facepl ate .or, cover of the evice can be ried by the user .to help

dot enth naviRihel Ulreosg S et Foy B Borte st angtheh SRpMEEF beal@, cover s
or facepl@i@Scasd theldi8ertaf be Satdlan8 Ad4dHABIRe @Qﬁ’lts%”ﬁn@!heﬁﬁﬁﬁhr'bh?l‘? ke'fidwer the
di splay. These preferences can be saved and correlated with the particul ar

front polchait)z sew coverpphtaceplatesysind thetikte. Wohérdcheides deee bdsa nsaslectbe mser can
AL e T RN IRTMCK: SRR GG TR
pick-up preferences, etc. The system may be able to inform the user whether the selected
20 items are in stock or need to be specially ordered or custom manufactured. The order
information can then be routed appropriately for fulfillment of the order.

The described system can help a consumer select a custom order of one or more
releasably attachable articles that include front polarizers for liquid crystal displays of
electronic device. Alternatively, it may also be useful to sell pre-packaged releasably

25  attachable articles that include front polarizers for liquid crystal displays of electronic
devices. Such articles can be sold as single items or in sets of two or more articles, for
example that provide complementary appearance permutations or that conform to a
particular theme. One illustrative embodiment can be a “Minnesota Sports Fan” set of
four front polarizers, each of which can be used to alter the appearance of the display to

30  conform to the uniform colors of one of the four major league sports franchises based in

Minnesota. Matching removable faceplates or covers can also be provided in the same
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system can optionally pronpt whether other itens are also to be purchased,
for exanple 15 whether to purchase the el ectronic device being stylized,
anot her eWweatmonst device (in which case the order can becyasezomnzsl added
to the results of another run through the flow chart), new covers or
facepl ates, and the |ike. When choices have been nade, the user can go on
to conplete the order, for exanple by providing paynent information

del i very patkagRiof ke WiRbRISY RPEQALK petiase. TDEes YHehRif: RRYMPRs 84 Bckuide hREOr M t he
user whether the selected 20 itens are in stock or need to be specially

order ed ©f “meed opelamzans hat avsed cammehange detrdepending emhis®n hemdnailymersopel r out ed
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el ectronic device. Alternatively, 1t my also be useful fo sell
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conformto a particular thenme. One illustrative enbodi nent can
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the sane 27 03/ 001284 PCT/ USD2/ 09893 " package or be avail abl'e for

separ at e apuammienthet isGpmewhatlroakgpes tovamy pbtesathfmmeUd:éloaes ptlmtop " nood"
pol ari zers that a (#J@ﬁ can change out depending on his or her daily
per sonal © % Tont pol arizers mght also be narketed to a

denogr aphi ¢ t ek rf8ssaBlyRMALRY fror %H%%&J ARL18s R gt 816 Be Bofds shifpldsdr th
appearance characteristics and/or styles. For exanple, 5 a set "of front

pol ar i zemssts ahag With@asesoirepstamersfohthe edgptroaicaley et aksotieslidet slets or hat  ar e
pleasmgtoma tom)lleo ers e.marketed for th ers
b, 18~ BRGTES R FArBLAE ORIt ealp e Akt e OB P BB LA be
added 1o .gR{iaRcAG or(écﬁld?l'i Sowk fhp¢&R Pib&%an vae g%w@aanﬁ&aﬁéla&e% dnk ©F RRrE9

arrangenents, "to nmeet the desires of the fashion conscious or to provide
uni que w@geketoto stiprvgoouat different &omtaJrolkaizetshaiorsobhairthifzy ard hdadily 8coessibladdsa

DU e O MR ER, RS S ESRITE L35 My ENAASS 10, 1o
cel | phomgaid RNt NP1y RERIE 550 alﬁrﬁjslémm'f&einserting a front polarizer 1230 in
20  front of the display module 1220. Front polarizer 1230 can be provided with a tab 1231
for grabbing and removing the polarizer 1230, for example to replace it with another
polarizer. FIG. 12 also shows a cover flap 1240 that is designed as a cover flap for
handheld computer 1200. Cover flap 1240 include a series of overlying pockets 1250 that
are capable of portably storing front polarizers 1260 that can be interchanged as the front
25  polarizer of handheld computer 1200. As such, the user is able to carry one or more
replacement front polarizers along with the device for convenient polarizer interchanging.
The concept shown in FIG. 12 can be extended to any suitable device that has a liquid
crystal display module that can be stylized with interchangeable front polarizers, and is
particularly suited to any portable or handheld device.
30 FIG. 12 can also be used to illustrate interchangeable rear polarizers. In such a

case, slot 1210 is positioned so the polarizer 1230 can be slid into position behind the
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The rel easably attachable front polarizer articles mght also be sold as
singles or in sets along with cases or containers for the electronic

devi ce t D oalosas4 ncl ude slots or 15 pouches to carry thepPcrarso2/msbari zers
along with the device. For exanple, a nobile phone carrying case or a
front cover flap for a PDA can be provided that includes one or nore
pockets to slip various different front polarizers into so that they are
readi |y dcpRyshédute 12990. Elﬁldidplaysﬁdcﬁlﬂés\matellﬁé)mjiamrﬂfppﬁ’aﬁlg ih2a BiBwHEssive
handhel d conputer 1200 that includes a qui.d crystal display nodule 1220
and a sl #todeppajanizsy lﬁ%mber@salon%h%twlsém Hw.dmlams@ﬂﬁ Awbarf%h%c bghtt he

di spl ay r V, t tab 1231
for gr ab q%gvr‘{‘é)z f@%ﬁpﬁ%@ﬁ@% tbé%%ééﬁglfg)g%p%ng %adn%?lg(:tWO IHO prace it
Wi th anobbﬁhzelpmwrcbﬂ 8& podiliénedbitvadenahs Bigplay anodaleer220laap aléﬂ’&tdrf(ﬂét is

designed as a cover fla E for handhel d conmputer 1200. Cover flap 1240
i ncl ufle shexen) espQlarizsyd By rangpeiellesty erpbmzngelenent (e gpaneiiechve polatiag y

storing flgg?g%sgggdﬁ%%ﬁﬁ%r %(gsé&%b%&%%s@peélﬂ;l&ﬁhanged as the front 25

polarlzer e user is able to carry one

or nore repl @ﬁemeﬂﬁhefpmﬁts patmidod@heéntslaad publidaiohdeitedabboeisieiebyonveni ent
pol ari zer interchangi ng. The concept shown in FIG 12 can be extended to

any sui t soeareted &do tiadogianensay if genreduced ysfll  di spl ay nodul e that can be
stylized with interchangeable front polarizers, and is particularly suited
to any portable or handhel d device. 30 FIG 12 can al so be used to
illugprate interchangeabl e rear pol @xaafé |n such a case, slot 1210 is
positioned so the polarizer 1230 can be slid into position behind the 28
WO 03/ 00 Exgmplesi/and@>/ 09893 di spl ay modul e 1220. For display nodul es that

are capabl e of rat| a.trans e n

posi tioned bet‘AV\gg egr”%& aey1 R?Saﬁfqlép%ﬁé‘ﬁs ép f édo@c‘ﬁ??%ﬁ% Ehelt ?m%aﬁown)
For di splbsoribmg 'ﬂbfﬁﬁzéﬂ‘ﬁém@lﬁ@hcﬁﬂ@a@bt@l @ikplap alodhientd theptdbne e&hleﬁgbmazémde
pol ari zer 1230 can be positioned between the display nodule 1220 and a

refl ect owag pmVI®dsth@wby th@vpng;ml@qmpmenlmuféwr%e The eelt plemeudmlqyol ari zing
eIe ctlve absor bi ari zer .di. sposed

1P et PR R e hu ey Brode Rt osty ut AT SePhaB IR ERBCro
publlcatb@ﬂ§ &l ted above is hereby |ncorporated into this docunent as if
r epr oduced |n full. 10 Exanples Exanples 1 and 2 A Nokia nodel 3310 cel
phone di splay was nodified by stripping the top |inear

Example 1

In a first example, an absorbing front polarizer similar to the one provided with the
20 cell phone was cut to match the clear area of the lens element in the exchangeable
faceplate of the cell phone. The front polarizer was then laminated to the underside of the
lens surface using a clear pressure sensitive adhesive. The optical axis of the front
polarizer was oriented orthogonal to that of the polarizer originally supplied with the cell
phone. By replacing the removable faceplate having the new front polarizer, the display
25  appeared as light characters on a black background as opposed to the original black
character on light background display appearance.

Example 2

In a second example, a dual color guest host polarizer was used as the front
30 polarizer. The dual color polarizer transmitted a “lighter” cyan color of light of one linear

polarization state and a “darker” blue color of the orthogonal linear polarization state. The
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absorbing polarizer fromthe liquid crystal display nodule of the phone,
whi ch pol arizer was provided there by the original equi pnent manufacturer.
The cel | wioaamodsspl ay 15 wi thout the front polarizer prowcddadozogsvat f orm
for eval uating exchangeable front polarizer concepts. Exanple 1 In a first
exanmpl e, an absorbing front polarizer simlar to the one provided with the
20 cell phone was cut to match the clear area of the lens elenent in the
exchangeahhiecoldraotfpizat @aoiatidiss dstiibgdiinmiee followidg EximieB aThe dnalwakrt hen

| am nated to the underside of the lens surface using a clear pressure
sensiti v@om%wwutmla@mt%ro tasz insidsrsuffaee «Pf}tbﬁflearp'snfaﬁ»ﬁ the pxehgagesbleent ed
or t hogon ri &£ cel l
phone. B%réﬁlt%%ﬁheg%lh% ?lgﬁtg)vgb &&?gg%h?&?&lshé/\?lsdgﬂ% edrnﬁegw Plr%(nn pol ari zer,
t he di splpatarizér wisréonesd taprovi@hi display appearsmconf aarb Ibaekettamkaoryan kdlodsl
opposed to the original black character on |ight background display
appead andackgeundpventhe gxehangeablefaespiatpmas replagél  col or guest host

pol ari zer was used as the front 30 polarizer. The dual col or polarizer
transmtted a "lighter” cyan color of |light of one linear polarization
state an&xampitag ker" bl ue col or of the orthogonal |inear polarization
state. The 29 WO 03/001284 PCT/US0Q2/ 09893 dual col or polarizer was nade
as descri bed |Trhetbh@/¢y@nﬂa%qeb>rmaﬁﬁp@ polariggeusgd an Exynple 2 wei mpdeiatheas cut
and | am r}gﬁ 2 % i nside surface of the clear |lens of the exchangeable
facepl ate o1 {Ré ce I phone using a clear pressure sensitive adhesive. The
dual jgol or  poy{ Rést a6lutiv@sa®prephricd By dibselv gl IPeprams bSPledyotRpiciadstnveerl dar k
blue text on a cyan col ored 5 background when the exchangeabl e faceplate
was repl slesignate wlaé“Qomn@umﬂB freSagrans of aeeqwougefés&lomwalw@gé% ¥r used

or cpar 60 @53“’2 i e eften 4 WP S et AR g IS o

bel ow as de§ipnaiouXGB325 ﬂoﬁzthgrcy@s@orp&aﬁ&umeﬁ@Auwaemheelqaaedtwﬁl 5% by
wei ght of N OH in deionized water. A surfactant commercially avail abl e

under t héwostrsalision dre gn gmarnte 0GP by 3wight émenhaacedbg spjatabinifithe sadutionanbl er,

PA, s then added to the host solution in an anount of 0.1% by wei ght to
enhance the coatability of the solution.
N
N
| AN
OH N o}
aeNsNen
A
H
Compound B

The following dyes in the following amounts were then added to 94 grams of a the
20  host solution to make a guest-host solution: 3 grams of acid blue 9 available from
Crompton & Knowles Colors Inc., Charlotte, NC, under the trade designation Intrajet Blue
AJA, and 1.7 grams of direct blue 53 available from Sigma-Aldrich, St. Louis, MO, under
the trade designation Evans Blue. The guest-host éolution was then shear coated onto
polyethylene terephthalate (PET) substrate to a wet-thickness of about 8 microns. The
25  PET substrate was a pre-primed PET film commercially available from Teijin Ltd., Osaka,

Japan. The coating was then dried at 50 °C for 20 seconds, resulting in a dual color
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15N OH6N. 0O . NN\ NOO\ I N _N _NJO11 HH Conmpound B The
follow ng dyes in the foll owi ng anounts were then added to 94 grans of a
the 20 hweto3moi2edi on to make a guest-host solution: 3 gr @ca/ush2/easvs bl ue 9
avail able from Cronpton & Know es Colors Inc., Charlotte, NC, under the
trade designation Intrajet Blue AJA and 1.7 grans of direct blue 53

avail able from Sigma-Aldrich, St. Louis, MO, under the trade designation
Evans Bl yplaritbethaiesismingsta St ug&m&w&aﬁ onbB &Re&PORITZ60G @ste @A @ darker

pol yet hyl ene terephthal ate (PET) substrate to a wet-thickness of about 8

m crons. blecody ipie ethegonaltimesipolaizgtien gatened PET fil m commercial |y
available fromTeijin Ltd., Osaka, Japan. The coating was then dried at 50
C for 20 seconds, resulting in a dual color 30 WO 03/001284 PCT/ US02/ 09893
pol ari zer t hatTHefpadke ihl@fiod shb@lhhotyedbmeidesd lintitad® thd feféuldOdxamipkeat i on
state and a darker blue color in the orthogonal |inear polarization state.
The pbesadigscribed ebevephutsathgr shoulst beyendersteridde cever|allraspests thh@ Heepfagtascul ar
exanpl es . 5 descri bed abqve, . but t.her shaul.d be understood to cover all
napent s dPPREG PEE AR o, VaHQE mER Ao e AT RS SR Rl ous
nodi fi catgs aifmersRd dird@iRE to WhREEESHSsen@mvéRtidn map be lFPicabIS will beeéddilgs t o

whi ch the present invention may be applicable wll be readily apparent to
t hose of apkarent tpthashef skill in thevan totwhielethgpeesentiinvenientis directesl upiongexied upon
review of..the i n{stan}. ai\ ecification. 10 31 WO 03/001284 PCT/ US02/ 09893
WHAT |'S O HFNBHAREPeGICRION, | oot roni ¢ device conprising: a |iquid crystal

di spliay nodul e for selectively altering a polarization of light for 5

di spl ayi ng i nformati on; and
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a front polarizer mounted to the el ectronic device so that the front

pol arizer can be tilted toward or away fromthe display nodule while

mai nt ai ni wg osioewsabi | ity of the display nodule through thedrrmsot/ioyses ari zer.
|0 2. The el ectronic device of claim9, wherein the display nodule is
capable of being operated in a reflective node. 3. An electronic device
conprising a liquid crystal display capable of displaying information in a
refl ecti weHMOUES CLABMEDgS:E d crystal display conprising: 15 a liquid crystal
di splay nodul e for selectively altering a polarization of light, the

di spl ay nodul e having a front side oriented toward a viewer position; and a
front pollari zekn essomiadevicedomprishig: | i qui d crystal display and di sposed

bet ween the displ nodul e and .the vi r position i.n.a manner, such that
"Faht  From t nd FEREvaR Lt ke s et Glerine T piAuPRST R ool oy
modul ¢ WidHeind infetnaR&ssh@g through the front 20 pol arizer. 4. The

el ectronic device of claim1l, wherein the front polarizer is nounted to
the el ectri c adewitpelasigertrhaunt¢edio the clactrgud devigeweso thatrthe front palarezer oambal or

away from.the digpla dule.. 25 5. The electroni.c device.of .claim11,
Furt her bl foarir avey BR the gisbay dosb iy Bl Gatn Be SEFSTHE ob e iR mau o
and the fponfie fehih! Befrontholat}er. €l ectroni c device of claim 11, wherein the
front polarizer is provided on an 3o article adapted for wearing by a

viewer and oriented so that when the front polarizer is between the

viewer's eyes and._the display dule,. informtion displayed he di spl ay
Todul® | 2-vi oukBIEPRRG IS KE RS At WREFBrhS display sodufe i {epableof betng

operated in a reflective mode.

3. An electronic device comprising a liquid crystal display capable of displaying

information in a reflective mode, the liquid crystal display comprising:
15 a liquid crystal display module for selectively altering a polarization of light, the
display module having a front side oriented toward a viewer position; and
a front polarizer associated with the liquid crystal display and disposed between the
display module and the viewer position in a manner such that light from the front side of
the display module illuminates the display module without first passing through the front

20  polarizer.

4. The electronic device of claim 11, wherein the front polarizer is mounted to the
electric device so that the front polarizer can be tilted toward or away from the display
module.

25
5. The electronic device of claim 11, further comprising a front light guide disposed

between the display module and the front polarizer.

6. The electronic device of claim 11, wherein the front polanzer is provided on an
30  article adapted for wearing by a viewer and oriented so that when the front polarizer is
between the viewer’s eyes and the display module, information displayed by the display

module is viewable through the front polarizer.
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