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APPLI GATIONS 5 This patent clains priority to United States Provisional
Application Serial No.: 60/804,009 filed on June 6, 2006 titled KEYPAD WTH

VI RTUAL | MASBoo7/dssdh is i ncorporated by reference in pegmeidotiesd herein.
TECHNI CAL FI ELD 10 The present disclosure is related to electrical keypads

and touch panels, and nore particularly to devices that provide indicia
that appears as a virtual image above or below the apparent surface of the
keypad. BACKGROUND 15 Current trends for portable el ectroni cs devi ces, such

as not ebook conputers, ﬁﬁﬁﬁihﬂﬁﬁfﬂgﬁ towards small er,
thinner, and lighter melgh enents an THewces EjEurtherm)re, there is a
desire to have larger area displays and often nmultiple active color

di splays within this shrinking e]ect [ The data entry pad, or
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Indicia are e surface of the keypad. In sone cases,
t he keypads are transparent 25 or translucent so that they nay be backlit.

However, while thin and |ightwei ypads appear generally flat.

Thi ck keypads, also comonly reﬁgghgﬂﬁﬂgfggﬂﬁthlcklet" style key pads, are
typi 9@' ly injeqpk %séﬂ?ﬁﬁ@l@s&é gmatue% aéanmkmassaﬂarmmrpaﬁ% $h@ ot ded from
poly or netal powders. Indicia may be incorporated into t he keys during
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tthe surfa e nolding, or printed on the surface of the
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PCT/ US2007/ 070309 transl ucent keypad keys nmay be lit from behi nd. However,
t hese thick keypads are often dlfflcult{JN fit into thin electronics
packages. 0

15 Current trends for portable electronics devices, such as notebook computers,
PDAsS, cell phones, etc., are towards smaller, thinner, and lighter weight elements and
devices. Furthermore, there is a desire to have larger area displays and often multiple
active color displays within this shrinking electronics package. The data entry pad, or
keypad, represents an opportunity for improved functionality in terms of thinness, weight,

20 visual appeal, and multi-functional 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

25 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

30 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



Keyboard wi th touch sensing technol ogy includes varieties that nonitor the
resi stive contact between conducting el ectrodes and varieties that detect of
the capacitive 5 coupling between a user's finger and the keypad el ectrode.

An i || ust nmad poeergsanpl e of the capacitance techni que i gcemwbndy/edsoen the
capacitive touch screen detection board made by 3M Touch Systens (e.g.,

3M s touch screens that are commercially avail abl e under the nane
ClearTek). This detection board energizes the keﬁpadv button el ectrodes with

an AC el &enslycenl keypagrieeys may bp linfrem helipd. oHowe veerthessleicle kevinadsony eléan
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two sets of ‘el ectrodes for each button 15 or alternatively a conductive
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real j@cat icgicRive KSipliH e ShEiRPdurRASronTRARYRrodd MRUKE NRABNHRMBE Bbjbt tqppear s
flat. An inproved Keypad is desirable. SUMWARY 25 The present disclosure

provi des IBEEpAd AR Fegsiive datectign cirgrii thihdgteciiop baird maessuies thissprrem apd in a
pl ane ot hgL;: npar, . e i .

parti cul a(raﬁlyl/‘%epsfzﬁle&fl&ﬁlé?%? é;l tgﬁltet égﬁ‘g@)c/gga‘aégg%%a%@%ga%ﬁ%a cecg%%{\t/’séﬁ%l}g bel ow t he
surface oflydtdneis thetwnben sifgie clketypads wauirddes edohrkegpedripmtten locittonk Bppedd on a cel |
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provide virtual images of the * and # keys. In sone enbodi nents, the 2 WO

2007/ 14663kctrepp.Us2007/ 070309  keypad is integrated with an illunination
method of manufasy ikl BRAAGELE S fitfubERRRPhensii 2 Els PR b Pty e 2
in Nakagawa U.S. Pat. No. 7,034,806 titled Virtual Keyboard. Touch sensitive detection
devices such as those from 3M Touch Systems described above can provide similar
20 functionality when mounted on an active display. The keypad on the display panel
permits dynamic reallocation of key designations. However, the keypad generally appears

flat. An improved keypad is desirable.

SUMMARY
25 The present disclosure provides keypad having a virtual image that appears to a
user to be in a plane other than the apparent 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
30 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



DESCRI PTION OF THE DRAWNGS 5 FIG 1 shows a perspective view of an
exenpkary keypad filmwith a stylized representation of indiciain a
virtual plane positioned above the real plane of the film FIG 2 shows a
perspect i wg) hBYisy an exenplary keypad filmw th a stytigefef@piogsentation
of indicia in a virtual plane positioned below the real plane of the film
FIG 3 shows a perspective view of an exenplary keypad filmwth a stylized
10 representation of indicia in tw virtual planes, one positioned above the
real pl ankeyphd ishetegfaickwitheand!lomematicrssduioemied ligkt upvth¢ Indiciee dlhephaos of t he
film FIG, 4 sho a cross-sectional Vview throu t. fi.ulmaf .FIG 3; FIG 5
shows & plisSpRRT Moe Py F Sreodoh fRhuriisiiad i it o npstbinhe o a f11m
positioned over an indiciumon the other side of the film 15 FIG 6 shows a
cross-sectional view of three lens elenments within an array positioned

above three indicia el emer?BSGRIGNLGF FHEQRAWMINGEr ray; FIG 7a shows a
styligation OLF@'J ];%Blsnﬁ S&Qﬁg&ﬁ@e Q{e{}va&fﬁnfe%t?ﬁ?rg%%ea]ﬁ'ﬁlﬂfwiﬁl é’étgﬁié&' | mage

keypad film styl1zation o ns enent arrays for a
portion ofepeesentationadf indidgén a Lituklgpagositibmad abb @ thy eabplenwsofltenSlmgr r ay

elements in a gpnt)nuous array. of. l e el enents coverin the.entire surface
of a virtual ih @‘é ﬁ’@?ﬁé@eﬁp?%veTflleﬁor@né’ﬁﬁ@arﬁ(@wg@é%ﬁ% 1#%0i ew of an
exenpl ary reprdsbitation JTREECikK @Y PokualataR PokiMoncdDbefoGhe Rabplandofth&filpui t board
for the capacitive touch keypad assenbly of FIG 8; |G 10 shows an

exenpl ary backFIe. 3 e aperspective siey oftan gkemplery kexnad e wigsagwlized: FI G 11
sho an 1, € . oLl assenbly
i e rt SRPhEioh A iRt REARIATEE So el RoR Rl A BIARUPRE
xenpl ar y finjxadione positidned belowtthateal ptagef thecfilpad film 3 WO 2007/ 146634
CT1 US2007/ 070 TAI LED DEQCRI.PTI ON So of, t erlying principles
for providing EP(ga‘{ 553’? P)?“??F'é%éﬁ?‘él VISY @’éo-ugﬂﬁ"e film Or%%lwg’
FIG. 5 shows a perspective view of a single optical element on one side of a film,

positioned over an indicium on the other side of the film;
15 FIG. 6 shows a cross-sectional view of three lens elements within an array
positioned above three indicia elements within an associated array;
FIG. 7a shows a stylization of multiple indicia arrays for a portion of a virtual
image keypad film;
FIG. 7b shows a stylization of lens element arrays for a portion of a virtual image
20 keypad film;
FIG. 7¢ shows lens array elements in a continuous array of lens elements covering
tﬁé entire surface of a virtual image keypad film,
Q-- ' FIG. 8 shows a cross-sectional view of an exemplary virtual image keypad
assembly;
25 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
agsembly with virtual image elements; and
30 FIG. 12 shows a photograph of an exemplary embodiment of a virtual image
keypad film.



di nensi onal inmage, also comonly known as a three-dinensional

aut o-stereoscopic inmage, are known. It is known that when an array of

| enses is used to view an array of 5 identical objects or indicia situated
near the {\egrabys¢gae of the lens, a virtual inmage is PEEEeRAbvobdoei S al so
known that if the array of |enses have a different pitch, or repeat |ength,
than the array of identical objects, sonme degree of magnification wll
occur, and the virtual inage appears to the viewer to be in a different

pl ane than its actual | ocati cRETARLED DHSERINEDN has been ternmed Mire
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Referring now to Figure 1, an example embodiment of a virtual image keypad film

20 100 is shown with indicia typical of the numeric keys used to enter a phone number. The
viewer 102 is shown viewing the keypad with the virtual image of the indicia appearing to
float in a plane 101 above the physical plane of the keypad film 100. Figure 1 stylizes
apparent indicia in the lower plane of the keypad film 100 for the purpose of letting the
reader conceptualize a degree and direction of virtual offset. In connection with the

25 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.

30 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



| ower pl ane of the keypad film 100 for the purpose of letting the reader
conceptualize a degree and direction of virtual offset, The indicia consist
of 12 individual arrays of very snall nunerals, as seen through the optical

el ement s &¥p bdagdepaer surface of keypad film 100 that pgergsmbensdee Vvirtual
imges 103. 5 In Figure 3, both floating 101 and sinking 103 virtual imnmages

of the indicia on the virtual imge keypad film 100 are visible to the
viewer 102. In this Figure, the arrays that generate the two virtual image
pl anes 10loveanglah®df thia&ewpalddidm 108 ffar theprepose o€ ktterg thordedepontehmalkkiegur e

uncluttered. Though j.n the depicted enmbodi nent h the floati 101 and
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i mges 10308 8uf eenseetq 'ae vatal ¥waes 10or r espond with the nunmbers. It shoul d
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4, a sect ivirhml image Weyrtad dlmH 00 bee witble crathe vienge1Ke pdids Figure, #@@rays titown 15

with optical |ens elements 405, di spgse one, surface of t film and an
rray of RS B HBFRAL presa ear [annd e St Rl e s k5P i 111 m
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i mges of an_ 1 ndicium 404 which apaﬁ)ear to float above 402 or sink bel ow 401
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1 is disposed, o he | gwer .surf.ac 03. To erate a Mire nified
Virtual | GEPOR PHE U heRn e Soud e Bp pipranel Beb R frdeelRn St B woul d
be arrangeghnsd &rldde cﬁ!c;}ﬂ%(eﬁrﬂn gitfetbnt 169 %511GANRIIN diffiRerd BRRE. and | ower
surfaces of the keypad film (see Figure 7a). The 25 spacing or pitch between

repeat ed | ens & Bigierds agectiopalivigvathrough theeviziwal ipagedeypasidil Adsliowdas 10
m cr @as or,.as. | I Cof i ] 5. D .25 m crons
and 1o yigroptBhiighs emblt 8 Uil offch it LEMe tin, ik AR OPMKOE" 1o
i ndi ci um 304 disposstl ph itradhasulfaicn The erwtr afahie dilh #OMissindicdtepalang witkd el ement s

505. This stylizatjon j.s ant to.,aid the reader j.n conceptualizing the

o nci pl & AP fooplivh o HglJh P PeRiiet ShuaLiRGers I gh diotud JDR S HaPRFER 501 woul d
be forned ﬂoﬁta?boﬁém)l%cﬁ}sﬁﬁ{rﬁeﬂdwmsthégﬁﬂé@ﬂbiﬁ&hﬂlﬁﬂ%e%eﬁ}ﬁapﬂﬁMWCh as casting or
printing. Othogonal |ines 506, 507 and 508, through the symmetry axes of

the | ens el enehtFiBoG, 5, psiigteamiical sphegiclpn atphericad fens element 500 is shown in
20 perspective along with an indicium 501, represented by the numeral 2, The lens element

500 is disposed on the upper surface 502 of the keypad film 504, while the indicium 501 is
disposed on the lower surface 503. To generate a Moiré magnified virtual image of the
— numeral 2, multiple lens elements and indicia would be arranged side by side in grid
arrays covering the upper and lower surfaces of the keypad film (see Figure 7a). The
25 spacing or pitch between repeated lens elements or indicia, in the array, may be as small as
10 microns or as large as 300 microns, with a pitch 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
30 of Moiré 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



5 WD 2007/ 146634 PCT/ US2007/ 070309 registration, of the |lens el enent over a
partieul ar |l ocation 505 of the indicium501. To achieve a sharp magnified
imge of the indicia, the focal plane of the spherical or aspherical |ens

el ement 5@ 087/i464depi ct ed enbodi ment is | ocated subspapigkabidtedos t he

pl ane of the indicia. However, this is not essential. It should be
appreciated that this 5 focusing requirenent demands careful control over
the thickness of the keypad film504. |In Figure 6, a section view of |ens

el enent s BQG{raB@y obithe 166 2larensingna patiovlar 1obahidh60&oﬁtbsind&ﬁm 58hdT®05 in a
vi rtual e keypad film i C 0 d 60 coul d, for
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| enses el ement 10,500 of Figure 5. The lens el enents in Flgtbare 6 are

di sposed Pnef the fodieia, Hewever, dlys dot asentiap ol shopld breappracipted that 448 i ndicia in
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as small pixel~el'ements 609 where in practice e 1 ndicia would made in
snoot h cont i nubuEgira$hi sactiomhiewpif Xanbs clelnents 1606, 00 9nd A0Z-isghoven goxee enuner at ed

1,2,3...6.1t0.h er discer n | ens
eI errents mqﬁéﬁ?é{){;anqg%sahv %llrﬁﬁ%ekgﬁ%ad;ﬁl@hﬁpa\l}hgf@a r?g?t%qé(em{%he center
of focus 05 coudd; od e&@@p&l BNiBObarfd4d, th&Dllician §016Q 2., iMsgeaithdpunhalen ved in
Figure 6, lens_elenment 600 is centered above |er 4 of _indicium603, |ens

el ement 6EBUELDVMOROYE) lens ¢emeris 600, G é@&cah‘ep the pamedsdhelenseg oBmgBove  pi xel
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ot er enco Mg ety e oy SRy B LSRR RB0F RadisTh pRYE Bl BB oot on o
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magnid i ed dx}%Jnl t e keypad
fil n%%lo D\%‘H E@E%ﬁ‘gﬁ%@ 12 E%?tg% gerrr{raérrl?g cimsl s?}égnﬁltl%&% %argg?mc 6%12n t hat of
t he i ndi ciand 642heAsag e obgedvediin Figate 6, r}mgelmeht 6®ppemtered)amvnp1xbb40ﬁ/v t he
keypad I | t nb i.at ed. t refu L,gnment o egi stration
et ween ¢ it 595 g Sest R REC aitih Bive L bR Gt 04fhnt BT ehne® odiir & 605
604, 605 ipfkelBEFinHRNACHI T VEriSsiEBiut Bfbgressive pitch mismatch between the arrays of

lens elements and indicia produces the effect of Moiré magnification. Computational

20 details of the amount of magnification that can be achieved for a given pitch mismatch are
given in the aforementioned reference papers. Other factors such as the optical index of
refraction of the keypad film 610 will also affect the amount of Moiré magnification

~—r achieved.
If the spacing or pitch of the lens element array is slightly smaller than the pitch of

25 the indicia array, as drawn in Figure 6, 2 magnified virtual image will appear to float
above the plane of the keypad film 610. If the pitch of the lens elements is slightly 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

30 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 shouid deviate

from an ideal position by no more than about 10 percent of the array pitch spacing being



virtual image. In practical terns, the registration error of a |ens el enent
shoul d deviate froman ideal position by no nore than about 10 percent of
the array pitch spacing being 6 WO 2007/146634 PCT/ US2007/ 070309 used,

t hough t higgp s087/0@k34essenti al . Li kew se, careful controbcpisiohposivape of the
| ens elenent and the overall thickness of the keypad film610 is required
to produce sharply focused virtual images, though this is not essential. In
Figure 7a, a stylization of indicia arrays 702 for a portion of a virtual

i mge 5 kequaféioﬂgh thisigootiesseotiddwhikeWissseardfnldioniral (ﬁﬁheaghgpwfuhtzilema di sposed on

the botto Though in
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t he keypafbchsddmirtial iradues thouph thip prrec edemdl. that in aI ternative enbodi nents
the indicia could be_recessed w tom sur.face .50 of t he keypad
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block array 702 affects the degree of Moiré magnification ach1eved, as was previously

described in Figures 5 and 6. In a typical embodiment, the spacing 703 and 704 along the

20 two orthogonal array axes would be the same, but different spacing could be
accommodated by adjusting the spacing 712 and 713 of the lens elements 710 in Figure
7b. It may be desirable to vary the indicia spacing 703 and 704 for different block arrays

(- : 702 to allow some virtual images to float above or sink below the plane of the keypad film
700.

25 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 clements 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

30 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



the Figure uncluttered. Only a representative nunber of lens elenents are
shown. with 30 continuation dots representing the remai nder of the array. In
Figure 7b, indicia are arranged in block arrays 711 for each keypad synbol
and | ocat g wegeksRach keypad position. Spacing 705 apgrrdSRohebaeen these
bl ock arrays helps to prevent visual 7 WD 20071146634 PCT/ US20071070309
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for the | ayers above It may al so be eswable for the substrate 801 to

provi de ob%ﬁen@ﬁéw eﬂ%ﬂfw}i e thalepydanimy At gloss wilkehxayppiag 783 a spl ay of
prog{anmmakhe ﬁﬁﬁl‘izlash gﬁtje%)éllg.la et@ﬁﬁﬁﬁ%‘i}ac% fife el eéngg}]fvl% I s di sposed

above the su strate provi es e tro e pads or each of the
keypad bumagmﬁcatmlntaehln‘a&dl andiwhethet the virpdkinpgesformed/ wilkapgeqpos flogdr dik ect |y on

t he subst te 801 e, FPC tted Optically 25 transparent
el ectrode gl ?@@B%O{fg‘élﬁeyp?dﬁgﬁﬂﬁ ‘transmi ssi on through the keypad assenbly
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for the user.
the bottom of the assembly is a substrate 801 which provides mechanical and/or structural

20 support for the layers above. It may also be desirable for the substrate 801 to provide
other functionality such as backlighting of the keypad or display of programmable soft
keys. A flexible printed circuit (FPC) 802 is disposed above the substrate 801 and

Q- provides electrode pads 803 for each of the keypad buttons. Alternatively, electrode pads
may be deposited directly on the substrate 801 and the FPC 802 omitted. Optically

25 transparent electrode pads may be used if light transmission through the keypad assembly
i desired. Above the FPC is a domed film 804 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

30 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



Processes such as thernoform ng or stanping nmaybe used to create dones 805
i.n suitable polyneric or netal sheet materials. The doned film 804 may be
optionally omtted if no tactile feel is required. The virtual inage keypad
film806 L AhsResed above the doned 30 film 804, w t hpdf5@68,@hsbndi cia 807
| ocat ed at each keypad button | ocation. An optional transparent cover film
or coating, not shown in Figure 8 may be placed over the virtual i mge
film806 to provide protection from physical danage or a top surface that is
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source. Thiefrddet 102 t8 RtoNRMBEIN efsind@patiBryl ahildr¢atiRek AYFigie Bods such as

i njection nolding, stanping, thernoform printing or cast replication. A
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fl oating oonvehiakt lipht souege Thar Blnf ightrecvégduides glay bh éatpichtad bp trethofis subbis e
magni fi cati.on. Iny{?igg:ure 10, .the arrays of indicia ser,vev‘éhe addi ti onal
pur pose OPJGCQQ?F& 11 étampg}&thff% T ’FWHHWPIIWWT@‘W“% Q{HT“& "f&%i ce 1001.
Mor eover, kbypad SR 106R AkpBRALR td6F thOBE Wvaduided 1081 OBInYild kdfpuRX g ract i on
features in the waveguide. A coupli n% ggent such as an optical grade
adhesi ve #roughat pmgreiegt dptical dang clemcatsH Al arcchrefully aligned over arrays of

20 indicia 1007 so that virtual floating or sinking images are formed through the principle of

Moiré magnification. In Figure 10, the arrays of indicia serve the additional purpose of
extracting light from the thin film light waveguide device 1001. Moreover, in some
Q embodiments the indicia are the only light extraction features in the waveguide. A
| coupling agent such as an optical grade adhesive or coating may be used to enhance the
25 extraction of light from the waveguide.
While there are many methods of constructing the keypad, it may be appreciated
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
30 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



25 extraction of light fromthe wavegui de. Wiile there are many net hods of
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h
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Fi gure 6) tiRl1éd¥ital aidindlte e Bghtt@Vir@alSRRSS BI09 may also appear to sink below the

plane of the keypad assembly 1000.

20 In an alternative embodiment, the film that supports the lenses and the indicia can
also act as a light waveguide. In such an embodiment, the lamps 1004 direct light through
‘ the edges of the keypad film 1005 (610 of Figure 6) eliminating the need for a separate
C wave guide 1001. Whether the indicia 1007 extend from the bottom surface of the film
1005 as illustrated or are recessed into the bottom surface of the film as described above,
25 the indicia can in some embodiments operate to enhance the extraction of light from the
waveguide.

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

30 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. Opticaily

10



C wave guide 1001. Wiether the indicia 1007 extend fromthe bottom surface
of the film 1005 as illustrated or are recessed into the bottom surface of
the filmas described above, 25 the indicia can in sone enbodi nents operate

t o enhanceyd @r/ekdsaction of light fromthe wavegui depctisfbgstofoll, an
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area as welements pppid %ﬂcg@uwsuarl@e%heeutdé thersertewprds Toveh yensttiya targit t on
el engpt s pgcgﬁdlg%n%i@&ﬁﬁég vi sual cues that guide the user towards touch
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sensitive tar tions on the display. In Figure 12, photo of a
irtual inmge kelipad 18] photaeizovidia gnige kemdpﬁlmnmdingitstﬂeqmuem i s shown. The

I"ndi cia and | ens. el enen re cr ate sequent i al l ayers of

ul t ravi ol 8PClPERy Iséh?%l ﬁ%@‘ﬁﬂ% e gﬁer%ﬂege%weqtﬁﬁggwtg Osubstrat e
film  Thiggeswpattagiott (UV acr‘y?vtaterfbﬁﬁ ddt bitth Gsthithdel o4 sudRirdte &ilm gr ade -
bi - axi al | or| ent ed 15 po ﬁet hyI ene terephthal ate (PET). As discussed above,

the keypadhiicubstr iceondbigk fmokonsical gredetigeiaby orientedin be
manufact “5381% ?leﬁcgte pﬁﬁm{gl e’h*%‘fﬁ %&hlgcﬁ&%%ﬂovérﬁ{é% &d}ﬂmg'&fua S, which is

a typical Fy“re acturing process hese v i mages were
creat ed bymbbdimentsef ﬂxetdnsnrmm’e can b¢ mghxﬂaduae@esmg 4 eontinfiousirolibesed on t he | ower

surface of the substrate materi al WI h a. corpespondi n arra of optical 20
| ens el emBHE a&‘ﬂﬂ%@ﬁ&%@?fhlﬁ%wwcal relativg Uﬁ@l"‘? g Hat t erned on a

clear plastic These virtual images were created by the mterac‘aon ofa smgle large array of
indicia on the lower surface of the substrate material with a corresponding array of optical
20 lens elements on the upper surface. A sample numeric keypad patterned on a clear plastic
substrate was superimposed on the virtual image. Highly magnified virtual images of the
indicia appear to sink below the surface of the numeric keypad.
(\» The height and width of each individual indicium in the array was 75 microns and
125 microns, respectively, Center-to-center spacing (i.e., pitch) between indicium within
25 the indicia array was 156.25 microns in both orthogonal directions. The optical lens
elements were cast with dimensions of 120 microns in diameter with a radius of curvature
of 62.6 microns 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
30 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
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with reference to 15 various enbodi nents thereof, 1t wll be understood by
t hose ski dtherthamges iretha farmt dndtdetails ey be medhidberethaiigey departingdrdmthn and detai | s

rﬁzeﬁfi gﬁgpe.tflll rsgdp@o‘fmtl{quxyehtigr?part' ng fromthe spirit and scope of the

20

25

30
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C 25 30 12 WD 2007/146634 PCTI US2007/070309 What is claimed is: 1. A
keypad, conprising: a filmhaving a first primary surface opposite a second
primary surface; 5 a first and a second array of indicia spaced apart on the
first prigRyxopsudEd:ace; an array of |enses on the secopdrpshmiyssur f ace,
wherein the first and second arrays of indica and the array of | enses are
configured such that they cooperate to generate a first virtual imge and
second virtual inmage wherein the virtual inages are different and both
appear t owhet isnlaamgsdiane outside of the film 10 2. The keypad of claim1,
fixrther conprising electrical conponents configured to detect the presence
of a user's finger in the proximty the first array of indicia. 3. The
keypad of 1.cl ai Akdypall dontpeisingonpr i si ng el ectrical conponents arranged to
detect 15 contact between a user's finger and the filmin the proximty the
first array offilqpaving a first prifaary syiiace opposie 4 s¢Rond PLREwSUHa%%e first and

second virtual, g i . Sak " %4% .of claiml,
vvhergi n the fiarst Vi ﬁ%gﬁqﬁn%gg?}@%wg Sf‘@%’é"ﬁg’&% }E@mﬁe m g%ind t he second
virtual image dnsariap ofllepbaama thedeomnd framdry kurfac6, The keypad of claim 1,

wherein at |east ane of the virtual i S i§.a nunb or letter. 25 7. The
oypad of ol o ReToI Fi HTLAR SEeB AT RYR T A TG 1S & IR o e

i Il um nat gich tHa€ thél ChdfRbatd 1HBRASrated. firdtRArnled RaM a8l séebid Mrthal ifnlalgé WRdreigoONpr i si ng
a wavegui de positioned adjacent to the 30 first primary surface of the

! aja . primn
film whetheivEtuahimages g dlflﬁféeﬁt andbnth pppgarig bean # plees gwsidpal the filiisni t | i ght
em tjfped fromthe Iight source. 13 9. The keypad of claim7, wherein the
|l i ght source is configured to direct light into a
(‘ 2. The keypad of claim 1, further comprising electrical components configured to

detect the presence of a user’s finger in the proximity the first array of indicia.

3. The keypad of claim 1, further comprising electrical components arranged to detect
15 contact between a user’s finger and the film in the proximity the first array of indicia.
4, The keypad of claim 1, wherein the first and second virtual images are in the same
plane.
20 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.

Q; 6. The keypad of claim 1, wherein at least one of the virtual images is a number or
| letter.
25
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

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

transmit light emitted from the light source.

13



peri phery edge of the film 10. The key pad of claim1l, wherein the film
includes a plurality of arrays of |lenses 5 space apart on the second
primary surface of the film 11. A user actuated switch, conprising: a |ayer
of transparent material having a first side and a second side, wherein the

. first side includes an array of optical elements having a first pitch and

- the second side 10 includes an array of indicia having a second pitch such
that the |ayer of transparent material creates a virtual imge in a plane

out si de of t a fotr are terial eglectrical swtch
mount ed “adj a&gﬁ# %ﬁg f%k%? o‘f’ E‘%ﬁdg‘éﬁﬂmﬁ'ﬁﬁéﬁ’ qdéﬁme 1t9 dirgfdishbintad of clai m
11, whebgiighedy Rlgdlo ket finPf di fferent arrays of indicia 15 corresponding to a

plurality of "electrical switches cooperatively provide a data entry keypad.
13. The switch of claim 11, wherein the optical elenents are converging

| n=e= 480, o B0 R S Bt b SRt s, bt v

CONPSi Sispede apart bk theiseeind Prink@ysieRcPOBthE Figied to illum nate an edge of the
| ayer of transparent material. 25 16. The switch of claim 15, wherein the

| ayer of transparent material has light extraction features that direct
light fr mt Qiastir Cheout of the layer of transparent

mat er i aI 12 eufle“ﬁlﬁggtsw &ﬂ éo?ﬁt{: ﬁltc”rm 16, wherein the indicia act as |ight
extraction fa&tyar efStramipdrentahat@td]l hhvighé fifst eide hiba sdcbnmldatw}mrmsdur ce out of
the | ay of, tr par ent terlal 14 18, T f claiml1l1l, wherein
the | aygﬁs':é\det“i‘ &R aHeY phAnticy aﬂlc V‘s"@? tpqcé @8@&80%’@5 ric layer
adngped ifdhudls hi%ehy Ofin@ikA%vind 3 soddhfl pRU hich 19 11 1B eobrandpitichher | compr i si ng

a contrast enhanci ng l'ayer adjacent he second side, wherein the
contras nnmm.hmamga wm} image firoa plaoe -bgts1de pfuhe bysr cidtanspaseht rriartqmi tahé group

consisting of v itio rin natin gssi ng and
coating. 20. ZA° 1i”ﬁ?)ld; 6tI° %ﬁ@'ﬁ KarS 8“6 éXf§8ﬂr ]?téﬂ tch, conpri si ng:
10 providing a Iayer of transparent material having a first side and a

second si de, o
12.  The switch of claim 11, wherein a plurality of different arrays of indicia

15  corresponding to a plurality of electrical switches cooperatively provide a data entry

keypad.
13.  The switch of claim 11, wherein the optical elements are converging lenses.

20 14.  The switch of claim 11, wherein the first pitch is between about 10 microns to 300

microns.

15.  The switch of claim 11, further comprising an illumination source positioned to
illuminate an edge of the layer of transparent material.

25
16.  The switch of claim 15, wherein the layer of transparent material has light
extraction features that direct light from the illumination source out of the layer of

transparent material.

30 17.  The switch of claim 16, wherein the indicia act as light extraction features that

direct light from the illumination source out of the layer of transparent material.

14



wherein the first side includes an array of optical elenents having a first
pitch and the second side includes an array of indicia having a second
pitch such that the layer of transparent naterial creates a virtual inmage
in a plane outside of the layer of transparent material; and 15 providing
~ an electrical switch nounted adjacent the |ayer of transparent material.
- 21. The method of claim20, wherein the |ayer of transparent material is
formed from polyner by casting from nononeric or oligonmeric precursor, and

wherei n_the |ndicj . optical elepents are forned during. the casting. 20
22, The lfet hole B‘f’ﬂ%fzfr%n?o‘,ls e the Wyen fdepsnsrrat Bt RECOMRTISES 4 or opti cal

el enent ?ea%tsonefp‘aIy?E?eﬁlicl?é&e?H@%?éiitBQ.-la;f%?‘o’f%lQ%. met hod of claim 20, wherein at

| east one of the indicia or opticdl eléments is 25 forned by injection
nol di ng. 24. The met hod of claim 20, wherein at |east one of the indicia or

optical .ele ts | r. a renmoval process., 30, 25. The nethod of claim
26, wher'®) o THEREISh FLSTHBY T HGGF SoTRES CBIER FUrDp g Heh A0 gRbiTy
conskst itnoseBEndide) whBi@in 18 8otASt enBhtgl8yer 3P foRhb®By a pRidesiRbBLRRY. 15

from the group consisting of vapor deposition, printing, [aminating, embossing and

coating.

20. A method of manufacturing a user actuated switch, comprising:

10 providing a layer of transparent material having a first side and a second 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 second pitch such that the layer of
transparent material creates a virtual image in a plane outside of the layer of transparent
material; and

15 providing an electrical switch mounted adjacent the layer of transparent material,

21.  The method of claim 20, 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.

20
22.  The method of claim 20, wherein at least one of the indicia or optical elements is

formed by embossing.

23.  The method of claim 20, wherein at least one of the indicia or optical elements is

25  formed by injection molding,.

24.  The method of claim 20, wherein at least one of the indicia or optical elements is

formed by a removal process.

30  25.  The method of claim 20, wherein indicia is formed by a method selected from the

group consisting of printing, casting, etching, ablation, and molding.

15



