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WD 2007/ 146634 PCT/ US2007/ 070309 KEYPAD W TH VI RTUAL

| MAGE RELATED APPLI CATIONS 5 This patent cl ains
w@rioonidey4 t 0 United States Provisional Applicap¢Dns2007/070309

Serial No.: 60/804,009 filed on June 6, 2006 titled

KEYPAD W TH VI RTUAL | MAGE, which is incorporated by

reference in its entirety herein. TECHNI CAL FI ELD 10

The present disclosure is related to electrical

keypads and t oughrPBRY WiTH gxﬁﬁ L pafldgularly to

devi ces that provide indicia t appears as a virtual

i mge above or below the apparent surface of the

keypad. BACKGROUND 15 rrent tre or. portable
el ectroni cs devi ces, D AdPed gg[g Hﬁputers

PDASF his éﬁltént ngﬁﬂsgﬁmrﬁ %o Unﬁé@S{ag:WGjﬁsﬁﬁ@ |Ap§)ﬁlcaﬁdﬁ' &l No.:

and hter wel enents an devi ces urt her nore,
60/(8ﬂé,|069 fiscdeondeiae 62006 thbdKE QP 4Br WA & IRITS pA la el Ad i) Wthh is

ofte Vi o] or. displays within this
incGles By refPistes Brtsctshordie The fata entry pad, or
keypad, represents an opportunity for inproved
functionality in ternms of thinness, weight, 20 visual
appeal , and mul ti -funJﬁ@H&ICAﬂsEIEﬁDspace Sever al

-?-ﬁln%lil eﬁgrﬁ%ssc?ogu{e 1% ?ef:f% y0 ?T%(f Ia%%% %aéid r%fl%% {oulcreaanez‘? %I\%. more
paigidtiladlyy t& t@npdhdthesmiddindiciPOhyippears a0k virRiablmaRedbve or below
material or conposite |am nates of these materials.

thq apgprenbsuatage of fagikedrady printed on the surface of the
keypad. In sone cases, the keypads are transparent 25
or translucent so that they may be backlit. However,
whi | e thi n and | i ght weiBACKGR@E™D keypads appear

gen ally flat. Thi k keypads, al so c mon|y referred
t%ﬁrwﬁ &erpogiahlee! ﬁynlﬁééng%%r Qe @959&%?? computers,

PDAM, @&%ﬂﬁﬁe%‘téj efle fdwarad An@iﬂeP'tﬁmﬁé}‘ Xﬁ@ﬁght&f w&@M@rﬁéit@éhd
mol ded” from pol ymer — or met al powders.  Indicra may be

devineso erlotthaItrmte,l thtt@ 1$ hdcseyte hatur larggr tive dispage amdmften l’nultlple

tiple-shot
o neg PR B B Ttk sPrfs Pesteed nb iy oot P o
ke%’&?ﬁg@fﬁs%z glg glglgir{:{uﬁlgg %ﬂ&%&\?gggj}/ﬁlgg%lgz fin @8 bNhinness, weight,

vispdapost oo/ mglgsfoactional use of space. Several general types of keypads are
briefly described below.

Thin keypads are typically molded, thermoformed, die cut or stamped from thin
polymeric or metal sheet material or composite laminates of these materials. Indicia are
typically printed on the surface of the keypad. In some cases, the keypads are transparent
or translucent so that they may be backlit. However, while thin and lightweight, these
keypads appear generally flat.

Thick keypads, also commonly referred to as “Chicklet” style key pads, are
typically injection molded from flexible polymers or compression molded from polymer
or metal powders. Indicia may be incorporated into the keys during the injection molding
process using multiple-shot molding, formed into the surface of the key during the

molding, or printed on the surface of the keys after molding. Again, transparent or
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transl ucent keypad keys may be lit from behi nd.

However, these thick keypads are often difficult to
WO 2G07/14684 t hi n el ectroni cs packages. Keyboard ®ET/HS2007/070309

touch sensing technol ogy includes varieties that

nonitor the resistive contact between conducting

el ectrodes and varjieties that detect of the capacitive
tragslecsapkringd bexsiesnbalitfgen bshind n Flowvexprd thepethickyisapads are often
dﬁﬁkﬁ,&{ﬁﬂﬁmtﬁE,ﬁ%hgﬁﬁéﬂ ;xanple of the capacitance

t ue is e he capacitive touch screen

det K@&bmd bathrtdudhesdesiby tecﬁlMlEF oumblu8ystaitsic{ élagmpnﬁcM tBe

t ouch scr?Fns t hat  ar.e conn§{0|all avallagle

ety

u
TeSISHEC CORYAE Dejvessh FaRJuCtitg s epd grigisathit erisstd r%zlé%capwtwe
co%d"ﬁ’ll%l%%%pé%ﬁ QKL Qﬁn%ér%ﬁa El%q%zgém LBetBleA%n lﬁ{lﬁ%ﬁk e@dmple of the
When a er or other conducting object
campmm:acthémquhes ghlexticdidehe ddpacitipatiuch seecndgtdtiog board made by

VLB G dB e dT P R ot R 6 PO Siay b Gailable under the
nal8 e T&Y). %[s%é'tetctlﬁlﬁ] bbdie cHSLRRS t}fé&e?ﬁﬁ%ﬂr@sﬁm&aéestm@ an AC

current and delivers an output sg%nal to the
cleetrisel vignl. c\’\a@mad“élge@reoth@mndla@@g Jechappreashes the aksctegde,

capa\éshﬁi% 00131’[?:1 th L]tltg rc”u%f oc fom oneele‘%lu ??é {h%j%%}\l/: tﬁ oenadjug{nggobagct to

grcﬁlthWW@jﬂlsetfsﬁﬁilef‘db%ﬁ@n eyt @t decttdn srtdmeisures this current and
el ectrodes for each button 15 or alternatively a
delpveryuceytne signpbio the slselsmc davighdPmerdvrniags P%@Stt@k?h sensing
sys"il&h 2&5@1@5 on ga%ﬁglebé‘fécttr%ﬁe 1se1Je I'erdoaq Q&ch k% E Qt?)ta)rnqopﬂ%:nn Button
a thin transpafent pressur senS|t|ve play panel is
sw'di:lsas lbaselcbn dlertiNat agasactny r&atice tiNo.sctd,of 3k cBOEestfoit daehl button
Vi rtual Keyboard. Touch sensitive d tio devi ces
or SHRIRAURSY HERBUF SR THALH W&% Blradeceiogaiapp the button
cleb@bddRrovi de simlar 20 functionality mhen mount ed on
an active display. The keypad on the display pane
per i keybdynddmvingrehin toosparan pofssike pembétsicghsplasopemel is disclosed

wever er [y a ars flat. An .. .
in Nakregvad Eg%ﬁgx Pg&é‘ Eﬁd Vi “%%%@9“ 1a“1"ﬁ% SPpiyg detection
de it &HubIs HY ok RY3as mampspktéiﬂé/dé@gn@edvabbw 8dn proBide stnhiddr

appears to a wuser to be in a plane other than the

fungppagldy vhen meentst onrsa akdypdidplaey Teekeypsd en the display panel

per?@ ({y%gllélovtleex%orctag bplge{y de@@%‘é@i Pié?ye?%g tl@egpsllﬁgd é QuFFlally appears

flak expatproaed kepad @y desxabipl e, the keypad on a cel

phone. For such an application there would be nore

t han one array of indicia present on the keypad. For

30 exanple, there m ght ]$; ]@%rays of indicia,

whi ch provide the nunerals to 9 and two nore

ar r aYis ptesergrdinel aderevirotided kaypagha:wm)g a vireiat ingagd that lepysirs to a
user to %g gle a glgrtl)eo gtlhrerlFtrI]ltaI? the arf)parent plane of the keypad device. More
particularly, the indicia on the keypad appear to float above or below the surface of the
device. The keypad can be, for example, the keypad on a cell phone. For such an
application there would be more than one array of indicia present on the keypad. For
example, there might be ten arrays of indicia, which provide the numerals from 0 to 9 and

two more arrays to provide virtual images of the * and # keys. In some embodiments, the
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2 WO 2007/ 146634 PCT/ US2007/ 070309 keypad is
integrated with an illum nation source that |ight up
W@ b@7iiadBLi a. The present disclosure al so proRCTHES2087/070309
met hod of manufacturing a key pad with floating
i ndicia. DESCRI PTION OF THE DRAWNGS 5 FIG 1 shows a
perspective view of an exenplary keypad filmwth a
keypag|iy ngegratpd pith s allyningHonpsourerdings Lght Hp shaipdiciga| The|pagrent
- i1 Ve I i b -
i SR AL 6 E Rl inh K Bod W onlidicn
wth a stylized representation of indicia in a virtual

Bl G 3 shovs a. ureptbO8 dF BB RAVBiabpl ary keypac
{11 e B s, L0 RRTSSRBA LAY FIALIA iced

f
two virtual planes, one positione abo@@ t he real
repp¢santetiof of indicid inlawirtaa plaeepopiisntd dhwed theaicalpladveofitieafilm;

pl ane, o he fil -1 G. 4 shows a Cross-s i onal view

P heagne shasd paselie et s et tEpESaRE il SR 4
reptéseitalbn 8f NG B 0RF L8P arR| RERIBhe PHelOR EhSiclEpIAie ¥ the film;

film ositioned over an indiciumon the other side

of #he. $ishaws aperFpectivevishorisnaxemplasy kappd Shalwith wylfed
reptr hsregt%ticl)l(l;“ 0P inﬁ{c?an%%v% V\{\I'I‘tltlali]! P all HaL {)gf}ftiorpegs bhvORg cléeazil %Pa\lllg of the
t%ree I'ndi clra elements Wlpall]ll N "an associ aatedﬁ array,

filrhr) 48d of@ pokiBdBedbady thez@hl glineadf thatfiti;pl € i ndi ci a arrays
for _a portion of a virtual imge ke Fad fil FIG 7b
shofdGa4 shaprs & gfioposeelpnyl airyy Breuedthe ﬁ 1 8) ElGo}. o
POr i &N glflovgs ¥ g&%ﬁ%{lvé JR4% a%@néggﬁl?[%I él'e!n@?lt dn! $fte sfde of film,
shows [ens array el enent's 1nacontinuous array o
posigmsedalverraningictww en ithngothe¢rsedcefithe &lrs,ur f ace of a

Vir i e keypad film FI 8 sho a o

cr oS18s g i trinprov siighal é(%?%&gﬁfﬂed?%ﬁ %m?&ﬁwﬂhmemy
pokiBYRA%bo RS BHh¥iciadRerhitd® wAhBNAWEsiditd &yt board for

the capacitive touch keypad assenbly of FI'G 8; FIG

10 $Hhowga shovescestplizatign bakltiple indiccharsandot 4 pation pf yairtual

imigTRSPUEIRG or ogr ammmbl e ouch sensi tive keypad
ass el yb Whdws & ity lizhdion bFRAE cRhRABM £/ féiportion of a virtual image

keypad film;

FIG. 7c¢ shows lens array elements in a continuous array of lens elements covering
the entire surface of a virtual image keypad film;

FIG. 8 shows a cross-sectional view of an exemplary virtual image keypad
assembly;

FIG. 9 shows a circuit board for the capacitive touch keypad assembly of FIG. §;

FIG. 10 shows an exemplary backlit touch sensitive virtual image keypad
assembly;

FIG. 11 shows an exemplary dynamically programmable touch sensitive keypad
assembly with virtual image elements; and

FIG. 12 shows a photograph of an exemplary embodiment of a virtual image

keypad film.
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30 FIG 12 shows a photograph of an exenplary

enbodi nrent of a virtual inage keypad film 3 WO
WQ®7n16466634 PCT/ US2007/ 070309 DETAI LED DESCRPEIVUSIN07/070309

Sone of the underlying principles for providing a

natural ly viewabl e three- dinensional imge, also

comonly known as a three-di nensi onal

aut o- st er eoscopi ¢ PRAGELERAEXARKAION i s known t hat
wheg,an ?'ﬂ{e%d%flgllng ?ﬁ inles f&sﬁ?}r cﬁa‘f‘ﬁr@f‘y @{?myle%ﬁeg

i dent1 cal obj ect | cia near- t oca
dirdnaivaaloimah ealioecrmnmanly kndwals b mg®d1rﬁensmmelsmn¢ stetdbsdapic
. also no ﬁ$ if the ra fenses hava a .
images prgy i8 fnogp ﬂ}aé a éﬁ@ﬁf ff Tengey dhuseA do XiepaAp ray of
1dénqga{]t0'bj%%{s o? %(ﬁ&ﬁ §rtua§&f'i?eag AR 5&:1 PlaniBY meflbl‘fsata 'V%a\l"hhé%e is
occur,  and the virtual 1 nmge appears to the viewer

prdsenti it ia abib khewe that pl thnerrashefnlenses hawt aidilfferane attcvha or re"phatéength

t Mb f t
thaﬁqﬁ%%;”% A e Sén”%ﬂﬁgrs% b B e i nang the virtual
%Jh% pAE ESthRBAW dr it®be in MIiEerdivplagy thah iBlactulUo8atAP This
1994) 133- 142. Additional background may be

ph¢1mmnon a8 mep permeidédoisd mppiifieatipag rﬁ fliseyssion o thadasigl principle

can Be fg‘ouhd I%)I‘ El{)lglre %17%11?[')6 ﬁwon eg] Vlgqu ﬁ)@ %%1564) 133-

’is ac

l4DyAdIi’1@M1ad bﬁt&gﬁbtﬁ‘aﬂ Ingﬁftﬂeyfouﬁdlinf tPE@bdrﬂmgﬂ Nbird ﬁh@gmﬁdﬂs CiH, Kamal,
ese shifted i mages are 15

et ?%@E"r Epété&lwww%é@ow@é. 18%)at a 1 ocation
" nai'CP Ry £ A A RSB R M R hoF e g
shifted imégaofdbe it © daeh djeaiibe eidvicn TNBROSE 0660t

Commander et al fitle tically. Varj abl e
intgspirtedaly the uggyiasheing af g gwa&? 9{% -tﬁ B'g»yswé Rlppg e which the

indgh @ferﬂaﬂgm@@WTE@ufe' &‘M&ré—ma%ﬁﬁ@?&Eiﬁ%&lrl%th{Eﬁﬁtls Afsc@&sed in
virtual inmage key IS shown wit

WORU1 060V Gamnmhdtrrﬁe ahtitfed I'onkeys! Optenlly ¢/ aginblerDavices,”
hEchone nunber wer 102 is shown view ng the

IS REOHE ] hfére\ﬂ]%'trﬁ “%fage of the indicia appearing

t o Rikeahg héw o Plganel, kakxahphenttddindiy oF & @lrtl ARgeXeypad film
t he keypad fil m 100. Fltg#re 1 stylizes apparent

109 Fﬁcﬁhéwa with ;pREi typisel ofi thgyeuraeriq keys kegdyadntar b iphegonymper. The
vie ? IBiJ fsR sﬂg%a%e\%ﬁé t(t_)ﬂﬁrl% {)M‘a’w th 9?6%%&?&3&%’ Biutﬁg el a%pnearmg to

Irec Vi I' connec

flowd 1hla Iilzh& 125 abbeesmeq)hglslszﬂ Iplsig o€ thetkegpa filsn 1602 rFl@KI&rﬂpdtﬁhzes
not oqne | arge nuner g?ﬂwgratlnﬁthe virtua
appaFel dndieiafn GHQIW%frI&Pn@ qf the dififm{IH@ 1oz the alanp%%fgl@ttmg the

reaﬁle@&%céﬁ&ahz% d@g}ele N8 dHEGRMTTES M bfset. In connection with the

present disclosure, there is, for example, not one large numeral “1” generating the virtual
image of the numeral “1” shown in the virtual image plane 101. As will be discussed with
more particularity below, each numeral is generated by an array of actual images,
conveniently located on the undersurface of the keypad film 100 relative to the reader.
The numerals in each indicia array are too small to convey in the scale of Figure 1.

Referring to Figure 2, another example of the virtual image keypad film 100 shows
the indicia sinking in a virtual image plane below 103 the physical plane of the keypad

film 100. In a manner similar to Figure 1 above, Figure 2 stylizes apparent indicia in the
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nore particularity below, each nunmeral is generated by
an array of actual images, conveniently |ocated on

W@ b@70sdes surface of the keypad film 100 rel at PEUS2907/070309
the reader. The nunerals in each indicia array are too
small to convey in the scale of Figure 1. 30 Referring
to Figure 2, another exanple of the virtual inmge

lowesylag of thenkeyoed Bliw a0 fariie puipessiod Iafink fhegeqdsr gonceptualize a

o PHATE S| MO B bR\ st vor

smab auegrald, guscen Zhrstight thz @ptieqd pinemnts omitic appgerisorfadesofkeydd film
é 07/ 146634 PCT/ 2007/% 0309 | ower plane of the

10 g&ﬁ‘b&%}lefart? coEua dnaggsd gur pose of letting the reader

congePi Al 3 2B ARY 199 1A SinfinGE0B VAR im¥ ek b¥@le indicia on the
d f~12 |

of fset.” The indicia“consist o i ndi vidual arrays of

viral ymagsrkel padnfiilmet ) &¢ vassbls eethe tvievand b2 t hethogdiigeral the arrays that

e fafie ik & o AP B o vl ng . RSV R glipdhoprgrie ke
thefFi%@\%iuﬂ@luﬂt@r%d.a'Iﬂm?g'lﬂilﬁit@de@&e&éﬁbé@behﬂ&m@ﬂleﬁoaﬁﬁg 101 and
|

~indicia on the virtual image keypad film 100 are
sinringj I9P evintenl trnegos jaesndenticeR it ghaukdiicqppiagiatasl thatitbeyaequdd e

4 hat enerate the twy virtual ] lane 1 _an .
it o, SE0° 58 el e baBhs LERRRR B S5t u I powine

imairs 101 tetle e nThdegwhdiedshiee deiing iraskbee MO dburent 1hekdthat
the floating 101 and _sinkij ng 103 virtual inmages are
corgspapd with thg pungbisy| |4 sheuldplse Be partaeiatch dhat thedyiageeicash of the

i ¥ 3 . . of a
s Ad B¢ S B R upl SO
c oulldFlparadirisectsonsheiceabroupk tigl vikual gmagakepad BBn do0 idshown
.be letters that rrespond with_the_nunhers. It e
wilpliFd 1B ey Hepoueean CRatuTtase of ﬂﬁg‘% > B! hiFyot ! indicia
404 BRpoRRLANER: SALY GirfaBe. T EPYiRXECo 1l this HIff RBEY IndFAt R dor with
illTumnated at different tinmes. In Figure 4, a

apipecttilonabn of kghlymagnghcd Yigualiimaged ofiamagdicilieyfddwhich appear to

400 i i tical.lens.el t 5
Al DgyS 4F S eelaliAp L EPH arer R oS and AR 490 o
I ndigFayurd®4 shaPosed] Sihetiba odhierisHNERGRmchi 80y is&hBWn in

of this film 4(% I s indicated along with alogarent
peispreaive elong with ghingichag pf ¥ irergesentod by the pegers! Bf Thalens element

50 BT P fhs U GrLaRBREH2 ddns kol sRRE. AR R idsBlim so1 i
disposcliopuh€lower aurside P08, aptdeadhtcsilielré arlnidicd asniae gl of the

l ens el enent 500 is shown in 20 perspectjve alang. ]
nuipetah 2 Ruitints lepyetements apdpdicsepeld bsypriepged widepsidoin grid

B e e el
spadirepogetdh dotwcer répewed o rfarato®3ndita, paehe patye neayVei asemall as
10 rrrnaigrglng io? gs l\élirgretalsjgbo Irnrlrclzir gs, (\)xtitht ahf)eitch is between about 25 microns and 180
microns is considered particularly convenient.

In Figure 5, the indicium 501 is stylized as being constructed from small pixilated
elements 505. This stylization is meant to aid the reader in conceptualizing the principle
of Moir¢ magnification, and in practice the indicium 501 would be formed in a smooth

continuous fashion, using a process such as casting or printing. Orthogonal lines 506, 507

and 508, through the symmetry axes of the lens element 500, indicate the alignment, or
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nuneral 2, nultiple lens elenents and indicia would be

arranged side by side in grid arrays covering the
wappend@sd | ower surfaces of the keypad fil m (BEEUS2007/070309

Figure 7a). The 25 spacing or pitch between repeated

lens elements or indicia, in the array, may be as

small as 10 mcrons or as large as 300 mcrons, wth

regastigtipppfithe lsas slewantayste posiciat laspionadtd afghe ingi gy Q1. To
octipy SRR EA AR e ok RLURNORT M DR or

aslfhﬂﬁbdl l@isxidnadne 00 & toeopisted @mbodiment Stlyd:dtenbﬁub@ﬂanmeﬂly in the
t t.o ajdéfhe re der in cong i iéi the

plaﬁ? P them“@ms BNV 1%15rﬁ? RisFRiEalt {toho PRrepiatedithatdhis

fOCtuEll fihddi? RQdantiO U Ardp %oﬁtﬁﬂ R tho tlﬁcléﬁg’so(gtﬂhe keypad film 504.

conti ntious fashion, using a process such as casting or
pri i Frggre @atshdgnnﬂbwlof hems eE@&,ntsEﬁW) 6@inehds@8, is shmvougivve

indifg o ar it YSGF o3 ! St B S e Lot PR and

605 88181 foRrbAple, e th@ﬁmﬁeea%&h@hﬁmi‘lﬁ}h 50Y €& g aiasetdremd @imeral 2) in
| ocation 505 of the indiciumb501. To achieve a sharf‘;@1
ent

Figwgyhi MOé@pwendg@ admeietGh @0 £i82 cenée theoamepsis divelendes €
SO(Z g Flrgl%lgegg e lgﬁ‘s?c' élh%'éﬁt%? F1§Z¥n686 g dg?to 1991 Ialr‘]rat BS tlhe top surface

ed Su

60@bame fidin d10ent Meticih én at-ov@ver theuabttsmlsarﬂa@t 606'3 see@nhlfagure 5,
It shoul d be appreciated that this 5 focusing

indi iy, ar @ phhecdohs vl 9 xch lements GORtYhsTe ivspcticy éh@t indicianseuwd be
rnagE: rf BRodiR¥hAthbLS %}Sglgﬁ 68?& glx': %g@ Ent® 60%11??1%{% Warklefi¥nerated

ens el enments IS's
1,2, hdbao aclp@l rebdet, beatexddi6@n the abigminertbatwdemdge dkeﬁyq:mdand indicia.

fiI 610, The indica 603, 604, 5 cou

Dagheglsi %0% e I R oL s B 1ea(°1é egls c W@@OO 601
an(PBOi hgs BB @Jsel%kd kP §Efe%1 rl&lsgélerﬁé?ﬁ 6O ?sroenie%sabove pixel 4 of

el ements 600, 601, can be the same as the |enses

indatimmed8, [bos SoMCot 60 aglyuveplsel Jroenfensn é04amhiess ¢lament 602 above

osed r.a et ur f
pinghg O R0 b T RGEEISH Y RGN RSV EHES arrays of
len @Iehfamssaﬁaflﬁda@la@%ucé&sthb RfFEEBIME0IR magiifltfiodNTaMmButational
tylized as snall pixel elenents 609 where in practice

def@ﬂ%Of theipgoantafumagnbecatipn that pan kagsbiaved &nta gimmytch mismatch are
glxéﬁﬁ%h%%&%gé&%ﬁt%ﬁég lref%%;%?% B{P‘;érsg Q?%epfaao ggu% % ﬁ\eeoptlcal index of

€ reader

refeticEi6@ bNtht ey idi fIANEI wiiedl yeefect trineuanefNisirafthgnification
indicia. 15 Dashed lines 608 are drawn to indicate the
achigypder of focus for each |ens el ement 600, 601 and

6021r AS s ol r :
1f REF URcAb1dh i8NGy GheMEMantO pitch of
Is cent eﬁ%&gggé)ve erl % ‘%: it ?glsurrlgg%)é, Flens A pHeR 0
theahéivertragOds dxbew én Elgxmd 6,3 mégnuﬁmi aiturhif@de ambappeasto float
el erent 602 above . pi xel f in Thi s I

ab%vlfttﬁ%?%a? eﬁ@ﬁﬁ’fsmﬁdtfﬁﬂl s dahier B ehiTes era?nﬁ%wﬁ&l@tl'y larger
than that of the indicia, the magnified virtual image will appear to sink below the keypad
film.

It can be appreciated that careful alignment or registration between the array of
lens elements 600, 601 and 602 and indicia 603, 604, 605 is used to achieve a desired
virtual image. In practical terms, the registration error of a lens element should deviate

from an ideal position by no more than about 10 percent of the array pitch spacing being
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| ens el enments and indicia produces the effect of Mire

magni fi cation. Conputational 20 details of the anpunt
W@toomagmes4 i cati on that can be achieved for a gP@BHS2007/070309

pitch mismatch are given in the aforenmentioned

reference papers. Qther factors such as the optical

i ndex of refraction of the ke?’ﬁad film610 wll_ also

usqsh thopgh tieisawbemsentsd. Mkcresenergpivt perrtol ehtheshanceafdie leps
eI, ARG DA UL, O RO LT BTER AL B sy
focalsécmﬂrtuamnﬂg@smholugh mlgmrmt 6sseatiatagni fi ed virtual i1nmage

to fl oat ve the plape of the key
f il E[ﬁ‘% re {& asfydizafiqngf 1y 1c1laﬁéray%ﬁ(£2 &marton qf ?VHQWH 1mage
key?él'éigﬁﬁll "b()Ol i85k, TiRARIHdNaS al‘i’ziystd;@llél Bd Hfégésedtolﬂ%e bottorr]n surface

fied virtual inmage w | “appear to bel ow t he
50k ef/thadkeypad fmm 5(14 shawnbe F@lpfr &ciThowh it et dapaated erhbodiment the

indfh SR o BBk 6B g B S b Bl bepprecited

tha® @PalteSndds e @nﬂo@d@&'ﬁts&ﬁ@ iRl AL 8bu18 Be rabe§detd adlthhmg Bottbi surface
5Ogractl cal ternms, the registration error of a |l ens

péthe rkﬁymid"und Rieossad éndigi @W} Rentiqudrsll ampeyslieblicdo bpygoates with a
colfBpfat AT a8y EuR R R Ol SRR bR UG

t hi &si(ﬁscﬁﬁﬁed absw) thedhdiclal He WS showaah ah dhlag@idtsedlk, refative to the
the shape of the |ens_ elenent and the overall
keynrciansse conveyribe idey phdeiVloins wagnifisatioaqusthedwhie keeping the
r u
Fléﬁsé)ﬂ%b?&gzgs}g nﬂ%er&@% éﬂg a\féGﬂ %éé‘ﬁl[atllv %rac%mg%iglq fa'fehéh%wn with
contimhtoradats rapysscitd; tho reraaipdartof dre am‘aya A/plrut*allmjr of imd g 5

a8 oS AT 1R HBRE DR S SR SDATR. SAE by puthd 706

betfw}eleﬁ'tlfégé]'bl%aﬁ) \é.‘ﬁ‘a}bsrhe 015599 hEevent JE&‘P Qﬁeﬁ&eﬂd&%egﬁ&h("cﬁ@@ﬂual image

mbodi nent the " indicia extend fromthe bottom surface
of Glmaskayﬁ)acﬂ hesit@yprldtsndighboist Ss)haug dob encémﬂr b@wa@renhdlomhawlthm a
in alt i ve  enbodi the di.ci a
viqeR oty 20 Bieat e HReeh OF Msirealifaniihetion SREHed, ¥ aayppuigusty
dedckibsa 1nﬁag@&§ 8GnH BAIIE b &ypAER cABOdinfet, Ad ypadiBIdaRh& 70Palong the
be coate a 10 col oring agent, which can result
two arthegonprayi %ehwwlﬁdoeath@: gines, &ult difiotsat smeewg opyld be

acc% Sps gﬂ)ﬁ(ﬁyﬁmg tpe p'a&gé 9'1 b ﬁz&) ‘}1 i&tethg gﬁ%%leh{kn?sw 10 in Figure

ar e Ve
7b! C ﬁrm;eyybd hsirhisle & @zfryftllitﬂnﬂ/maf $adingrnos laﬁ(ﬁVG)éDfd)r aEtdred block arrays
whil e keeping the Figure uncluttered. Furthernmgre

703 3/loyv saps %‘&téﬁklﬁiag%torﬂﬂ%@?o"éfor sinkibeloy the olapr ohihedieypad film

gontinuation dots representing the remainder of the
array. A plurality of indiciais
In Figure 7b, a stylization of lens element arrays 711 for a portion of a virtual

image keypad film 700 is shown. These lens element arrays would be disposed on the top
surface 502 of the keypad film 504 shown in Figure 5. Similar to the indicia 701 in Figure
7a, the lens elements 710 are shown in an enlarged scale, relative to the keypad, to keep
the Figure uncluttered. Only a representative number of lens elements are shown with
continuation dots representing the remainder of the array. In Figure 7b, indicia are
arranged in block arrays 711 for each keypad symbol and located under each keypad

position. Spacing 705 and 706 between these block arrays helps to prevent visual
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15 arranged in block arrays 702 responding to each

keypad synbol. Spacing 705 and 706 between these
whb@chi@s4 ays hel ps to prevent visual interferkeyES2007/070309

between the virtual inmage of one keypad position and

its neighbors. Spacing 703 and 704 between indicium

within a block array 702 affects the degree of Mbire

interiRyaRge; Reav seameibhpanR yirtuakingges. pht shquddiBe gppreated theg i some
ombBa A ERR aR P e by ¥RefS ARG PRBuisik P armes,

emazdisnentthele iespabiag datvesen b]ntt arehiyk o€ (relidtia, paced mgacoictvixa the
ang%oﬁ?g%g? ted b)é‘ihglg é;rgj}%ocilwgﬁs Shfg% Psas%lbcq g'tpzﬁggg g@gll"r%yso gf lenses,
bufjﬁosé a@ﬁ%%e%eﬂ M Yart 8 of ﬁgl'lc% aSﬁa%ﬁfg' NG 20831 @'Bgtvyegﬂ 14" lements,

erent bl ock arrays to al F"ow sone virt
n ccrmlgwslon ovithl tb@SpaabngéB olnd § 0441 ketvetomdihe ipFigne "/@f latgtéy

keypad . film 7 25 I n. ur e stylization,of.
e BRI Kee AP Mgy adhifiesOh Sy fRin e i P 14 fibing of tens
clehi¥Bgerdk@NR s iddidianphlfhgl 8l BQWMindWWBE&hEQRS Vﬂuﬁﬂﬁ{hfge will appear
arrays woul d be dlsposed on the top surface 502

to flowd 2| evqa@rdoelqw thedagpashiolh 70t Iltngurbé dBSIré@nlemowary the lweelernent

spa{cﬂndl It\gegn oc :‘%eg? 82 g at sotnllqee Yll’tt%glsl nﬁﬂ&t %\f(hlle otl? rs §1nk
kee is hhﬁl&eguﬁy&o dixpbsd the lﬁﬁ‘l@ artﬁ?ﬂ ElmRnfsepEgRens Blolck errays 711
nunmber of lens el enents are shown with 30 continuation

as e indpews dht IndgeurRd CrrritinERls Ry ndengchegenty H O is shown

7
o (e AL 5 OB AP MO8 S 7
betp@sn theawo o‘ﬁhagd)rmj; ai@&f&hﬂleﬁ@ﬂeﬂneﬁmmy ilbeseithltlocdpacing 703 and

hel t 1.7 WD 2007/ 146634
705eky nﬁ%@%@*ﬁ%ﬁ e ﬁ?l%?ﬁ'@éﬁﬁl@glgbf@f%@ﬁ hEFg RS Mege
ma‘ghfﬂc%n édﬁ%@é and (Vhétlﬁeluﬂhg Vﬁﬁlaﬁﬁﬁa[gt%§ ﬁ?ﬁlﬁg v@}lh%bpéa? t& ﬁgﬁ or sink

nmbodi ment there is no spacing ween the arrays of
belbwrtiaesur&celorﬁdledieapadﬁlrmﬂ%\sr embodi rrents there is
spaci i ndi.ci a,, but

b th
Dot b ERRURe o G o Rl iy GiPi ittty DB dn. A

theedvRe SR SssbMBIyAS | h%u@d@@fd g WEHENBRVidl enc@h&mYa afd/or structural
| enses, 5 but no spaci bet ween the arrays of

supned fer the lgsacatnge 7 itmanisoraaddsinble dor the sgbsepei®htie provide
othepga%%{ﬂ)&hgp; TL._u ol agmbg%hgﬂﬁ aé Q@tﬁl ﬂg%pa(a%r%ﬂ la O%FI) %%Sﬁble soft

rcra i gure etermn
kewf A/ﬁemelemigmd ¢1ﬁbatt|(EBCp802 ﬂgehspagbdcabaw thelsubdtrag: 27(131 and
Spaci ng of |len relative to indicjia

pmyb%?é ichigtrodg Bsls 308 é‘?rrﬁaﬁ]é gf (rderead ufeny, |A=1feﬁ%ltl"?]h‘a@1§0tr0de pads
ARt geCyhancr ok ot s ageas g
trassmamnn glebtmdmds hiay bk u&srd ﬁ%ght?tﬂahsmstoh&hrosghrﬁle\keypadaalssembly
is (iesurg(F {)A\E)eac e % 1se a tor%gcri %lm 884 to provide tactile feedback for the user.
Processes such as thermoforming or stamping may be used to create domes 805 in suitable
polymeric or metal sheet materials. The domed film 804 may be optionally omitted if no
tactile feel is required. The virtual image keypad film 806 is disposed above the domed
film 804, with arrays of indicia 807 located at each keypad button location. An optional

transparent cover film or coating, not shown in Figure 8, may be placed over the virtual

image film 806 to provide protection from physical damage or a top surface that is easy to
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It is not necessary to dispose the lens array el enents
in separate block arrays 711 as shown in Figure 7b.
WO R00Fi1IgeBL£ 7c, a continuous array of |ens el ene@I/ES2000070309
is showmn covering the entire surface of the virtual
I mage keypad film 700. Spacing 721 and 722 between
the two orthogonal axes of the |ens el enent arrag
clegp.opandltcrnatine cabadimegt, osflamblc pointed 4itspit porrr erm be pbkA type
thaklgk aF 'tlgé:l[%r(gwgtiﬂ?ut ﬁy?lg%ectggﬁge\%dg% lte(?ﬁ &uﬁtnﬁe%{%?{)t Léﬂ%d to
deﬁemtagegreﬁ@rcmﬁ akdris ﬁngae aSucthcmn‘chmmre@bnﬂldﬁéﬂallﬁﬂmlmb]re Hem
surface of he ke film700. In Figure 8, asetlon
VARRUEOBCC RS Y ratsﬁ?élla BRE ﬁgaula%{lé ‘W@’GD’T‘P’%C
At Iﬁ pgukos, tacmﬁcgft bBQ% 9@@%@&@\&){1 for a RapeRRE rtéﬁc% e%ﬁ;odlrnent of the
whi ch provides nechani cal and/or structural
kewﬂ@sﬂn‘tﬂm ROQ ek 1galyee& sElafzmdes 901 angmiowh $@r daeh dété;ue keyodad button
str rOVI ction

f t
tochfiny GEnBURR PEEFicR st R i clraftf ot cohtlector pads

S0P FHRG BRIt SATH a cdpRYisive fulh 8xlebd @et@dtioﬁ%@rd%érﬁiﬁdtured by 3M
(FPC) 802 is disposed above the substrate 801 and

Tomley&ﬂ%Qs eTh,f@@ pl@@ltél%lam@u@@@reﬁl@t vigibtshindfigura @ beegysathey are

obsd: yt i C}< glgfge?{nc C §d3§u%r od Iis%‘es%{fan@éf {?1% ecnﬁg&board 900.

802 homgiuteert) a@@kérﬁﬂhfy)ﬁoa%ﬁhﬁtb%ﬁ%ﬁﬁlaﬂé vieluaCintagd &eﬂﬁﬂ&ssembly
be used if light transm ssion through the ke
%gqolmwth

10%%%@% Shgasicrbty hagrothen tileligiboyaveeade deer
eleg dads 9085 %Vgrgsldte ?&%Cﬁ s@nsfllf%ga%?&h& GhilbPR 15 in Fi yguklge 8.

rocesses s er mo ng “or stanpi ng na
Optisedyt, opticad ame:tmmmﬁ%y barirsliidedd enhapad thedjeatioarof light into

netal sh rial edorredfll 8 y b
the ‘ﬁ%‘iGSWQF ?@mﬁmf li)oﬁ ight emithipg fiodes %ﬁmﬁ@&%d as a
cormﬁleyﬁ ﬁgmbuﬂcgagﬁmlqﬁm@u a8 B8 thay Ol ﬁBﬁ§aﬁé’d a\éaods such as
doned 30 film 804, wth arrays of indicia

inj b@matrmddmg, &tafnhlnge&lplanbfbunmgrprimlmgtow oust rohicatpn. o‘h alrtual image

fil ti
ey R0 1y GG 00 10R fland Al dteetiih 10T PGl Hghes 4
thrBigT, 48 aPla§ o€ 6ptiN 1chk ORNIRAKSIN08 hredAPEERy Migrdd o9Br arrays of
surface that is easy to 8 WO 2007/ 146634

indogi 1 (P Bothpvigegdloating alhsmlflﬁg anagss ey fleampd through the principle of

Moﬁ{?@%ﬁ%&i’gnt E\ﬁg{glu?@s(i (glt eé?%dgw{ getlll{fé 1%1% %a{ilgipﬁﬁq)uppose of

|va

exteaufib@dight frérh tiexairpfikn liple dveguildt dedbe b@()lc CMf)lfengérEdl dothe
detect the presence of a user's finger. Such circuits
embpdimeyae Bidigia gredlaeniy ikt ﬁertl@ﬁ‘ilOI\/%ﬁ‘iqum dureegugge b

coﬁmg‘éggr?tgﬁgﬁsssﬁ%ﬁﬁa%rg 0%1 i 8518%%1%({&14 Fbre%ed:ﬁ)rgnhaéce the

a circui I'S s for a
exmmﬁanlofllglﬁﬁmm\emdudment of the keypad asserrbly

? gg @Whgr%%lgq glapyqngt toEig (ojF con%g'ljictglrge’ches Eeoyvp\(a]d fl? rrnag? %e ap]gg)remated

that it is convenient to use the precise registration capabilities of a two-sided continuous
cast and cure process (2S3C) to create the lens and indicia arrays. To summarize such a
process shortly, the layer of transparent material is formed from polymer by casting from
monomeric or oligomeric precursor, and the indicia and optical elements are formed
during the casting. One suitable process of this type is described in copending and

coassigned U.S. patent application number US 20050051931, “Apparatus and method for
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| ocations. Conductive electrical circuits connect

these electrodes to a set of connector pads 802 that
w@onsiedat e Wi th a capacitive touch screen deP@rUR2907/070309

board manufactured by 3M Touch Systens. These

electrical circuits are not visible in Figure 9

because they are 10 obscured by a bl ack dielectric

prodysing hyo-onisd paEgrnedvebsintpgisiEafiong cte Fymligek o ple iyt document is
helggﬁ E&oﬂa%@ated i)f ré%%;rgflfér?a agsjlp cwiite Xq{{pkég%%npe%%é%etss ¥socl%iﬁgble of

sitrve vir K& ypad asse
praviiding tradpecnt filmes tasﬁewb Ivyryrmmllafeathre@ s‘ulch as bptgdat lens elements and

d 1 t h el d 1002
md?@%e " egg ﬁlé' o FqS.Gt ﬁmgpe 4?1art¥%%é§§ﬁ3§@n fﬁmﬂfﬁ)r %1 %uﬂher
the@féaﬁﬂ@é dr¥ in QHfg'hQi%Fre% bf s‘ﬂlraﬁ§n BAQ3 B (RS hdii éﬁgﬁgest Rieal in

enhance the injectfon of Tight into 15 the waveguid
corinelcmtf WUhﬁh@ptp@nmﬁdlosMe ghowewdrt therigmditiode$ tl(eLeEDsr) thﬁml}dlma or

onveni e i h. Thin film]
on i BB Raf BETrAE espBulnf i e afp i milding
Rehidlv 8163 rb&Rsd¥RLiEH N0ablaHod W ictUingt MSF MBS BE F3cA0 ThRlihdiéik B8N further
or cast replication. A virtual imge keypad film 1005
to appligil p osieting nThis preghodt does notghqulmerggnsel eligrpaent between the
rﬁlamnlla%re i ng%%d ﬁ%bg(gﬁaarngttfgera ] %1? CIYa]ngul?I ?Q](felg)ig\%f egur@ tlb tﬁe arrays of

md@éla 28vt b adldAiohIr pee ol attracting ught tfrd)rﬁ alid theh Blin Bgmkﬂ/mgulde
i.mages are formed through the principle of Mire
de‘ﬁﬁ% 0G1i hePWting Rgetisyel & amptltcwegra@er alhgsing of ¢nafipg gay be used

&£%¥@%91P0?E%hfﬂﬂﬁﬂﬂ§$a uidgxtracting light from

wavegui de evice 1001. Mor eover,
in i;xothe deptaftmiohmtmdtrﬁertthhe liphtcd irali@s el Agpeantoya Vieght 1010 asa

xtract.i features .in.the e oupl j
gﬁ&ewglgﬁeﬂ%ge Ogﬁf ?wdlcgwﬁg@ %%g%qv\?%eolela %%%%5@%&9
ass@ﬁlbl’&sﬁﬁ)ot Q ﬁ?ﬁ%&l%ﬁ)t‘égk‘?ltatl%% o%tlfgﬁpltalyqroogftra&é ﬂhpdugilrtﬁ’érﬂhm film
t he vvavegw e there are many met hods of

llghtcmmeguxclt 1189 tshbowey padyy be appascidied tippdapending dn thdepracing for
i S_convenij.ent. t se the .preci egi stration
thegma BTt P aadign e DSyl iRt 1 A0 B8 R afrcllp vk betow the
plaRE Q€ BR kel paBfsierhilyque@t e the | ens and indicia arrays.
To summari ze such a process shortly, the |ayer of

t r abispapléamativatcartiodimens, thofilre that semops thymlenschynd tistingigia can
als{o %g‘{gcs;?églg?g gr%g%qi%eaﬁlﬁ esﬁéeﬂ n%ﬁ{@ﬂdaaﬁré@ ﬁl%rl%gﬁs l(ﬂﬂddntegﬁléght through

theCaigtd ofthe Qagad lﬂhﬁlalh))bs (@I(D(Sf&&@ur@f@ thininatiy ehel iieed for a separate
described in copend US? coassi.gned U. S.
1

waye gpidg dP%nth@%érhe QledQ@Z) s&tgeqfromAbf; Betigny §3rt£%f& of the film
106’335{;1 AstREd & a\fpr%g%yi 9 ﬁ?é"‘ool?t%{ %S 004f AL B30%s descrlqu above,

produci ng two- si t erned In registrati
thetiodiklfiardan ¢ie kored¢ erabodlﬂ'hnt‘s ofloatinmrhharse thweexédagtion of hght from the
i ncorporated by reference as if rewitten. The
Wayesg %nced process i s capabl e of

In Figure 11, an exemplary dynamically programmable touch sensitive keypad
assembly 1100 with virtual image elements is shown. An active display device 1101 is
shown with pixilated display elements 1102 whose content may be dynamically
programmed under the control of an electronic device such as, but not limited to, a cell
phone or computer. Liquid crystal display (LCD) or organic light emitting diode (OLED)
display systems are some of the suitable choices for the keypad assembly 1100. Optically
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providing transparent filns that have very snall

features, such as optical lens elenents and indicia,
woeozaede3pf the nmajor faces of an optically treeEps20eT070309

thin filmmterial. Further, 5 these features are in a

hi gh degree of registration between the two ngjor

surfaces, ideal in connection with the present

trapgpaEanp elgsteodepid W& aie shewie op dicnitfasholghe pefeveedismar davigs 1101 to
L, QORISR ST A AL LB AT ipsson o
of hcacessdisplsy démaasl th Alria@oOihiced telnis nignmeats 1d06 andendicia 1107

Crop A ST IS D g PEOGaT, AR g 15 petp & VIEWar 1110
as Bﬁfiwg BBk Eic kBypadrak v TR Ilﬁ%)é@@ffoﬁl' thgh&%gﬂls%m dhke 1101

wavegui de 1001. In Figure~10, the arrays of
will aﬂpaar as @mamecatlliy@ragtdmmabted{eypaps piwesadf orehwp & dtei smgken virtual
light fro hn“fl m.lj e vi ce 01,
keygef g it i o a RSl RN Vb Rer il Fisk? odefht use of
vale@Sk kBehadtyeds WP better ERA RGabidkeo eid i€ tTheRirfal button
l'ight Tromthe waveguide. In the depicted enbodi nent,

clepeatsiprgitid e enlianedeyisuahicnds thypaide thouser \aveards tovoll genaiiva target

nified i mage 1009 of an indiciumfloating
locagonsoqﬂh %P{e of the keypad assenbly 1000. A

st yiih Edrd EZQIpBSteeratwml dhage Rdypid filnayccb@Be td ée @resent
through the thin film [|ight wavegui de 1001 is shown
displosygys Howalp grhedndieigdng ks cHEpatdierg czﬁ@tqdrﬁéq@%l&éklw two thin

layfef%rof uﬁt?%é%lwa({u%léa a{éqjeﬁh QadtBfitd! oglbfa%g i J b8 rate F'llrn.

SO a fo sink ane o
Thtsh;abskﬁiyepﬁlin aasensd Imncﬂ)(ﬂﬁﬁhck Z0mlofi opticah |gtade Ib&hm\akl!y orlented

enbo nt e f t su tstelenesa t he
poj YE@iygiﬂs teé%@hthagﬁlts &f"%ﬂ fg%ghacqsg%m boyent @W@é agGordig fp spne
em%H@i%h{EPcfftthe 4i8&od A0Bs FORMFhdtech ukl'ng '&tcohhﬁlﬁiﬁg Poll bhed
edges of the keypad film 1005 (610 Figure 6

maghfagfunag |pncg:eSsh svhnabad aftmcaélysrekaavdy dast muefagmndg pLBOLs.
Wh di 1007
o TAER: il B rd Qg Y i P lopiaf a el e array of

indi@& 88 $RdoivBE Qurfad€ o POk isOMuSH haeBalolith BeordspBhdfg array of optical
descri bed above, 25 the indicia can in sone

leng lsorpintpenit the gprar atidaqeo Ao pivaie aumbac ksoned dpitgreden b clght plastic
su‘t%'irg{yv[? upg}@r}{ﬁcgsléh gﬁ “chequrtﬁJilqulr g 'S e}%lﬁ{]rln\f}ér? gg{i/ gf;;%lal images of the

ouc

indds s epﬁﬂaytdsiﬂ@bawwnhe/swrfauabfthara;gfneﬁb &e|aids i s shown. An
active display device 1101 is .shown with pixilated

di spihapeighesndntidthafeachmuiidde mdaeinmia yhararayywasn scaicrgns and
12§ 911&599 by ?ﬁ&fteﬂn dentd16- c%fl?t@} §&glnggl.égp1§égﬁ l‘BEtr\x%Qh hdicium within

devi ce 'su but not hone or
thecodipiatagray wasquibdSanigsinalin bivth pkthygdnaCilireadionor Elaammpmcal lens

ST LR o, (CHEDD ol Yot a6 SO
of EPkingidlohY and a conic constant of 0.441. The spacing between optical lens elements
within the array was 160.0 microns in both orthogonal directions. In alternative
embodiments where the lenses pitch is 160 microns and the center-to-center spacing
between the indicium was 156 microns or 158 microns the resulting image appears to sink
below the surface of the keypad plane. In yet other alternative embodiments where the

lenses pitch is 160 microns and the center-to-center spacing between the indicium was 162

11
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10 WD 2007/ 146634 PCT/ US2007/ 070309 transparent

el ectrodes 1103 are shown on the surface of the active
wale@piigss3devi ce 1101 to provide touch sensi ngPCT/US2007/070309

functionality. A virtual imge keypad film 1105 is

di sposed on top of the active display device 1101.

Arrays of mcro lens elenents 1106 and indicia 1107
migiopgPlel M isrgnsibgyresplting in/the dmage npags o nisoehaye thgsurface of the

oyl TR BARERIS: bl fsckobd P o Bide range
of ﬂllt(ﬂmls &yt thkewptﬁ;ﬁl did@dnts wnd theapghear inasrtdipreanimg iy ymbodiments a
pit gyne%?l% r%@?qsné %Iga ggﬁ %gcrggwgorﬂr%fo “E‘i}fgfelﬂ ?&ugtil(lgrnexemplary
emfbHﬁllﬁ{e'n%nQEit&ﬁ/bé’fWé&ga%%[ % hn&@ﬁ@alﬁif faoGhRRins lf§@01f§fdered

val uab eypad area as well as better visual feedback
pattioulalig pugfered. The V|rtual button el enents provide

enh ced vj.sual  cues t u ide the user towards t

Sendht et Gene Dgen SBisRuias shetehe Shap PG variah o Abreren
typlck Gﬂfeﬁse%zandﬂﬁé)} Sp@hte ithi dnkyWlkrahSHR@8d, K@M&ﬁ&i bl trsflected light.

accordlng to the present di sclosure i s shown. The
Howgdlpic cenvarging enscseire pansidstagarastiaasht sidtakle g liesamaeopnplary

erntbmﬁ}lrnen s thte tgﬁ/ct rasébu%ieﬁiu' etcrcr‘rf‘cv I1 g?n%ct (Saéj\é)srihﬁg { eﬁ]ﬁplr%%ntyai%flossure may

opﬁ¢iﬁ$l§l ﬁﬂdl@def d &dﬂtﬂéﬁ%nﬁat’{ii%g’ﬂa?éﬁ!fdﬂcbﬁt&k tHd JeBoraf sidpfor ¢rlreasing the
gr ade_bi - aX|aII oriented 15 pol yet hyl ene
comwte@fhthﬁ Hidigiz (PEryntrassenfjageing &58T BBYPe copyraiqedy fermned by, for
ar ure can
R T R
manWiats the imvgntgisrolcsdeen phrticllarlg slaoWrqud:cbdsbrybddeMﬂt ref@kyce to
f. ast ufacturing .prqcess., Thes
Va%Q%ﬁlﬁgwe%@efeﬁ? éf%{@f‘?eowdafst%?dﬁqmé i&}e&én m%afrvaﬂous
otHef‘ Qﬁaﬁﬂg@s #hd Rl SRIcta$I 'hfa@voo% rﬁafdettﬂ@reﬁ%%{d’u%@pa?@ﬂgeﬁbﬁ|the
a corresponding array of opti cal
ﬂnet@mbﬂpseoﬁm®MEwupm@r surface. A sanple nunerlc keypad
patterned on a clear plastic substrate was
superinposed on the virtual image. Hi ghly magnified
virtual imges of the indicia appear to sink bel ow
the surface of the nuneric keypad. The hei ght and
wi dth of each individual indiciumin the array was 75
m crons and 125 microns, respectively.
Center-to-center spacing (i.e., pitch) between
indiciumwithin 25 the indicia array was 156. 25
mcrons in both orthogonal directions. The optical
| ens el ements were cast with dimensions of 120 microns
in diameter with a radius of curvature of 62.6
m crons and a conic constant of 0.441. The spacing
bet ween optical lens elenents wthin the array was
160.0 microns in both orthogonal directions. In
alternative
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enbodi nents where the | enses pitch is 160 m crons and
the center-to-center spacing 30 between the indicium
WeR®7156341i crons or 158 microns the resul ting PEEYS2007/070309
appears to sink below the surface of the keypad
plane. In yet other alternative enbodi ments where the
| enses pitch is 160 mcrons and the center-to-center
Whab acsleigicBdsween t he indiciumwas 162 11 WO 2007/ 146634
PCT/ US2007/ 070309 m crons or 164 microns the
resulting in the inage appears to rise above the
1. sur fAdlesyped, coherisingy pad pl ane. Wiile the invention of
t he by egent disclosure is operable with a.wide range
of AilRHEY e I HATRY SHHRCCANPRYHR S5oaRRA PHBATYTIarS,
I gefliahg a%é@dﬁﬂlaﬁra% ogma‘?gé BRIL® aff rt(mﬂlfgtﬁrét?aiwan\@dﬁ‘fi hr%:e;

about 10 m crons an 00 mcrons Is preferr
ot hen aexeapleasey ob teaivodidpminary sarfpéd,ch bet ween about

25 m,cron d 180 migrons is considered particularl
or ePuEtg e RS P einrigRg o indieh pud ey Bl At Fatieured
sudhRBAAREPcOdptRtoWeHEratear figt Virthl ifﬂa%é giEfcond VPRSIl ifage wherein
| enses,” and may operate with any of transmtted,
therafthal gmegks ao¢ diffczans pndbeth @ppéag b be inHopleneeutsido al/de diling
| enses are considered particularly suitable. In sone
exenpl ary 10 enbodi nents, the touch actuated
2. el eqhe kepladovoladatl, Agther cormigriding éb&ripdl&sepbnditsedndigurad to
may optionally include a contrast enhancing layer
detgefj the Brepence of pasdecEieg 81 the Prm|th gredtst #Epytaidndicia.
contrast of the indicia. This contrast enhancing | ayer
may be conveniently formed by, for exanple, vapor
3. depdée keygrad of clanhilnfurtheacomatsimgele@nbdsempgnaits arranged to detect

coating. Wiile the inyention has been partjcularly. . .
CoRRGRE CBSer 6 08 O 181 BrBN By 18 Mgy Y indicia.

enbodi ments thereof, it will be understood by those
skilled in the art that various other changes in the
4. f or hhakdymédtodiclasm tayhbreimthd éirsthed e¢aondivirhal imajep arctin tige same
1fromthe spirit and scope of the invention. 20 25
Pla8f 12 WD 2007/ 146634 PCT/ US2007/ 070309 What is
clainmed is: 1. A keypad, conpri sing:

5. The keypad of claim 1, wherein the first virtual image is in a plane above the film

and the second virtual image is in a plane below the film.

6. The keypad of claim 1, wherein at least one of the virtual images is a number or
letter.
7. The keypad of claim 1, further comprising a light source configured to illuminate

the virtual images.
8. The keypad of claim 7, further comprising a waveguide positioned adjacent to the

first primary surface of the film, wherein the waveguide is configured to receive and

transmit light emitted from the light source.
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a filmhaving a first primary surface opposite a

second primary surface; 5 a first and a second array
W@R0o7nehiedd a spaced apart on the first primary BCF/U82087/070309

an array of |enses on the second primary surface,

mherein the first and second arrays of indica and the
arr&g | enses are coan%ured such that they

9. cooper kewadef gliar/atacin the dightsoutagds cm%gléeddﬁdhr@etcltﬂhamto a
erein the virtual inmages are
Im%%@%%?%% and W?

oth appear to be in a plane outside of
the film 10 2. The keypad of claiml, further
ng eIe trlca co t.s confj dto et e
10t he P% aRdet srirg 7y whprey FH&E‘P&F‘W ot ;Wl %‘?Rtva]t%&
adiidsfyet array of indicia. 3. The keypad of claim1,
further conprising electrical conponents arranged to
detect 15 contact between a user's finger and the
f|| t he t he st. arra indicia. 4,
11.7he Toe b Al ek olpaif i wRuary s Shuraifo Cuiga ttenses
sp&k%bM@bnﬂﬁﬁﬁ&ﬁlQﬁﬁntZSﬁﬂﬁm&ﬁmﬁ:ﬁHﬁane-.20 5. The .
keypad of claim erein the first virtual inage is

in a plane above the film and the second virtua

|na e below the film 6. The keypad of
12 wf§aﬁﬁmgaBWﬁq%CI% ?n ne of the virtual inages is

a n unfqer oPfransp@ichemhateASl havinghefikesipashdd seebad mié,,wherem the
further conprising a |I%ht source configured
first sjdg imnhedes anpray of prtical Clewagfe davige afie nel pad ﬂ@fse%qnﬁh sl

1ncYude% %ﬁ "aﬁ%% ;fiBHRH ﬂvﬂ%ﬂ@se‘é@ﬁc{eﬂg@ggsﬁclf%ﬁ%ﬂeﬁ%&?ﬂo?%&;{ﬁ{é&

I rst pri ry sur ereln
matdrel v@eegdiviteial anapenh lag)llamd)utmdercffchn lagerasfdranspaadis madterial; and

I|g mited fromthe ght 13 WO 2007/ 146634
P@S@é@fﬁﬂlogm%fégno@tedﬂﬁféa%’évga y6¥ Ofctraasmrernt HHeRi n

the light source is configured to direct light into a
peri phery edge of the film 10. The keypad of claim 7,
13wheflée awitbleof ¢lainti 2 vercecic o gl wralityiof Hifemcrgptrapadf igdiate

corf e PR [ BUTpP LS Y 57 i rafhTaeva L AGEle™ deiFentry
keypad.

14. The switch of claim 12, wherein the optical elements are converging lenses.

15.  The switch of claim 12, wherein the first pitch is between about 10 microns to 300

microns.

16. The switch of claim 12, further comprising an illumination source positioned to

illuminate an edge of the layer of transparent material.
17. The switch of claim 16, wherein the layer of transparent material has light

extraction features that direct light from the illumination source out of the layer of

transparent material.
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space apart on the second primary surface of the film
10 12. A user actuated switch, conprising: a layer of
W@ e@nsp@sent material having a first side and BCHESWNTU070309
side, wherein the first side includes an array of
optical elements having a first pitch and the second
side includes an array of indicia having a secaond

18pi t dhe switeh eheleim hb wheyadn therindicirshay st cxtigetionifeatures that
il SBhEHoR NS [T RO Do P NGl S Bl hliEy.
swi tch mounted adjacent the layer of transparent
19,rpr}i L g :3 gxlfvvclb%f:g ﬂgi%rr? ,SE\YKHG'I:‘%E Fl%}g}gelcg?olf Fﬁéﬁ%@{%@ Slrateelrigl gornprises at least
on&g&gﬁéﬂ@ﬁ‘%bpgdﬁe‘ébd% ARk LlsOf el ectrical ‘swi tohes
cooperatively provide a data entry keypad. 20 14. The
switch of claim 12, wherein the optical elenents are
conver gi | enses 5., The switch of claim 12, wherein
20 e 1 Ptlehp LR L2 it SAmRBRUE & £6n Y Ficin 14i6p adacknt to
theHebdrRINgde, 3eddn thERBnEN EAhneIng Ghyk I fhemed By & BRIcess selected from
conprising an illumnation source positioned to '
the grpymeonatsting af wahge defosition, pagteng, biminatings pabessing and coating.
material. 17. The switch of claim 16, wherein the
| ayer of transparent material has light 30 extraction
21f eatnte ewitthaf clglint €L twHck@h thef ol euttidanewlttd regig@ivicon
source out of the layer of transparent material. 14
WD 2007/ 146634 PCT/ US2007/ 070309 18. The switch of
cl ai : [ Ladici : R action
227 oot B XL BEIRETL, Wk MR doice i R T RAHT
source out of the layer of transparent material. 19.
The switch of claim.12, wherein the | ayer of
Br aﬁslasfﬁﬂgﬁp?wa{l PFING BT BG4S WIERsTOMISISYie
pol yrgkidifi h RKRE o@t@'&lﬁ?@x@nﬂrﬁat@riéﬁﬁé@{ng%fﬁ@ﬂ 8&SanddsecditBside,
switch of "claim 12, turther conprising a contrast
whersmatheifigf sideyiecludeh amcenty of optitdheleswotridveigad]rsiwieheind the

R RIS RS £ ATBR Dl Btk or
traﬂ@ﬁfb_ﬂ hia%?-igl &ehtbd 4 PBtual AELBIE b Plinc STRRRIME 18P& of transparent
ma%e?gl;l a?lg .

providing an electrical switch mounted adjacent the layer of transparent material.
24. The method of claim 23, wherein the layer of transparent material is formed from
polymer by casting from monomeric or oligomeric precursor, and wherein the indicia and

optical elements are formed during the casting.

25. The method of claim 23, wherein at least one of the indicia or optical elements is

formed by embossing.

26. The method of claim 23, wherein at least one of the indicia or optical elements is

formed by injection molding.

15



21. The switch of claim 12, wherein the electrica
swtch is resistive. 22. The switch of claim 12,
wob@raiq34 he el ectrical switch is capacitive. PABUERNT/EN0309
nmet hod of manufacturing a user actuated sw tch,
conprising providing a |layer of transparent materia
aving a first side and a second side, wherein the

27f i r dhe me&@dr A claimes. whemHy aycast orsrfi thaindigizpeentisal clements is
[ iich and the second side includes an
ﬁn%%ﬁ&@%/ n Jﬁ%ﬁ% lavi ng a second pitch such that the
Iayer of transparent nateri al creates a virtual imge

| tsid f th J
3o gt B Bersangreannglc e e T eRofatedion the
c%ﬁﬁm fg[(!'ﬁ)rfnﬁ}i caQtﬁngt ERARR R Mon B b /ling. 24. The

thod of” cl alnr wherei n-the |ayer of transparent
naterlal i's forned from polynmer by casting from
nmonomeri c or oligoneric precursor, and wherein the
indicia and 25 optical elenments are forned during the
casting. 25. The nethod of claim 23, wherein at |east
one of the indicia or optical elenments is formed by
enbossing. 30 26. The nmethod of claim23, wherein at
| east one of the indicia or optical elenents is
formed by injection nolding. 15 WO 2007/ 146634
PCT/ US2007/ 070309 27. The met hod of claim 23, wherein
at least one of the indicia or optical elements is
formed by a renoval process. 28. The nethod of claim
23, wherein indicia is forned by a nethod sel ected
fromthe 5 group consisting of printing, casting,
et ching, ablation, and nolding. 16
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