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relates to switch arrays for use in conputer input devices and, nore 5
parti cul awby2/oom@ikeyboards and keypads. BACKGROUND El ect pomiusozoi7tthes are
used to provide input to conputer devices. Electronic sw tches generate
signals in response to physical force. For exanple, a user may actuate 10

an el ectronic switch by preIguI® PROOF SWIHTH ARRAY key causes a force to
be applied on an electronic nenbrane, which in turn causes the electronic

menbrane to generate an electronic signal. A conmputer keyboard is one
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elements may provide a “snapping” feel upon actuation, wherein the amount of resistance
to key actuation drastically decreases after pressing the key past a threshold distance.
Dome spring elements can become contaminated, however, particularly if liquid
collects under or within the dome spring elements. When this happens, the resistance of
20  the spring can change, and the “snapping” feel can be lost. Moreover, individual spring
elements can become stuck in an actuated position. These phenomena are often referred to

as “sticky key” phenomena.

SUMMARY

25 In general, the invention is directed to various apparatusés for use in switch arrays
such as computer keyboards or keypads. In one embodiment, the invention provides an
array of dome spring elements for use in a switch array. Each of the dome spring elements
defines a chamber. A plurality of channels may interconnect the chambers of the dome
spring elements such that each chamber of each dome spring element is in fluid

30 communication with the chamber of at least one of the other dome spring elements. This
is advantageous because it allows for key-to-key venting. In addition, the regions between

the various dome spring elements may have no holes, thus providing a hermetic barrier to
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el enments. This is advantageous because the array of done spring el enents
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therefore, may lower production costs associated with the manufacturing of keyboards.
Also, the invention may result in switch arrays that are flexible, rollable, washable,
20  submersible, or otherwise more useful for various applications.
Additional details of various embodiments are set forth in the accompanying
drawings and the description below. Other features, objects and advantages will become

apparent from the description and drawings, and from the claims.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a top view of an array of dome spring elements for use in a switch
array.
Figure 2 is a perspective side view of an array of dome spring elements.
Figures 3 and 4 are exploded block diagrams respectively illustrating two switches
30 of a switch array according to embodiments of the invention.
Figures SA and 5B are cross-sectional views of a set of alignment elements in the

form of a top hook film mechanically engaged with a bottom hook film.



formof a top hook filmnechanically engaged with a bottom hook film 2 WO
02/ 091415 PCT/ US02/ 04775 Figure 6 is a cross sectional view of

mechani cavby2esmgayed top and bottom hook filnms with a domeTaser/my7el enent
bi asing the top hook film Figure 7 is another cross sectional view of
mechani cal |y engaged top and bottom hook filnms with a donme spring el enent
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Figure 13 illustrates a keyboard that may implement the invention.
Figure 14 illustrates a handheld computer that may implement the invention.
Figure 15 illustrates a laptop computer that may implement the invention.
Figure 16 illustrates a cellular telephone that may implement the invention.
20
DETAILED DESCRIPTION
In general, the invention provides elements for use in switch arrays such as
keyboards. For example, in one embodiment, the invention is directed to an array of dome
spring elements for use in a switch array. The regions between the respective dome spring
25 elements may have no holes, sealing off the individual dome spring elements from the
outside environment. Each of the dome spring elements defines a chamber. A plurality of
channels may interconnect the chambers of the dome spring elements such that each
chamber of each dome spring element is in fluid communication with the chamber of at
least one of the other dome spring elements. For example, upon actuation of one of the
30 dome spring elements, air, or another fluid, may be forced through at least one of the
channels. In this manner, fluid can be vented between dome spring elements. In other

words, when one dome spring element is actuated by depression of a key, it expels air, or
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or alternative anner cont ai I'n the bottom ITB.] or
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hereafter referred to as dome spring elements 12 that are formed on a sheet-like member
20 11. Channels 14A-14W, hereafter referred to as channels 14, interconnect the chambers of
the dome spring elements 12. For example, upon actuation of dome spring element 12A,
air, or another fluid, may be forced through channels 14A, 14D and 14E, and into other
dome spring elements. Channels 14 may be grooves on the bottom major surface of the
sheet-like member 11, or alternatively, channels 14 may be contained within the bottom
25  major surface and the top major surface of the sheet-like member 11.
The array of dome spring elements 10 may have no holes in the regions between
the respective dome spring elements 12. In other words, the sheet-like member 11 may be
a continuous sheet in the regions between the respective dome spring elements. This may
ensure that liquid, e.g., spilled on the array of dome spring elements 10, cannot collect
30  under or within the dome spring elements 12. In this manner, the sheet-like member 11

provides a barrier to the backside of the individual dome spring elements 12 to ensure that

the sticky key phenomenon is avoided.
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using a dual-sided tool. Synprene thermoplastic elastomer (supplied by PolyOne of

Cleveland, Ohio), with a durometer of 40, can be heated to 150 degrees Celsius and

20  injected into a mold at a pressure of approximately 1,100,000 Pascals (approximately 160
pounds per square inch), for two minutes. The pressure can then be increased to
approximately 2,300,000 Pascals (approximately 350 pounds per square inch) for an
additional five minutes. The result is a sheet-like array of molded dome spring elements
10. The array can be sized for use in a keyboard, or sized much larger and cut into

25  smaller sheets for use in keyboards, keypads, membrane switches, or other input devices.

Figure 3 is an exploded block diagram of two switches of a switch array, e.g., two

keys of a keyboard. As shown, the switch array may include a base plate 31 formed from
metal, plastic, or another rigid material to provide mechanical stability. An electronic
membrane 32 may reside on top of the base plate 31. The electronic membrane 32 may

30 include a plurality of sensors that generate signals in response to applied physical force.
An array of dome spring elements 10 may reside on top of electronic membrane 32. For

example, the respective chambers of dome spring elements 12A and 12B may be
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20  electronic layer which is shorted by the dome elements, a sandwich layer or membrane of
sensor elements, capacitance sensor elements, Hall effect sensor elements, piezo sensor
elements, or the like. Alternatively, mechanical signals, optical signals, or the like could
be generated. In addition, in other configurations, multiple dome spring elements could be
associated with a single key.
25 Conventional keyboards generally make use of scissors hinges to direct user
actuated force onto an electronic membrane in the direction perpendicular to the major
surface of the electronic membrane. Conventional keyboards form scissors hinge
mounting elements on the base plate. For example, the base plate is usually machined to
include mounting brackets for scissors hinges. The brackets on the base plate protrude

30 through holes on the electronic membrane. Moreover, the brackets on the base plate may

protrude through the array of dome spring elements. Therefore, conventional keyboards
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bottom layers. The top and bottom layers may include hook-like elements that engage one

another. For example, in one implementation, the top and bottom layers are hook films
20  molded to form hook-like elements that extend outward from a major plane of the films.
As shown in Figure 4, a plurality of top layer sections 51A, 51B and a single bottom layer
52 define the set of alignment elements.
As shown in Figure 4, the switch array may include a base plate 31 to provide
mechanical stability. Base plate 31 may be formed of metal, plastic, or another suitable
25  rigid material. An electronic membrane 32 may reside on top of the base plate 31. The
electronic membrane 32 includes a plurality of sensors that generate signals in response to
an applied physical force. An array of dome spring elements 10 may reside on top of
electronic membrane 32. For example, the respective chambers of dome spring elements
12A and 12B may be connected by a channel, although the embodiment of Figure 4 is not
30 necessarily limited in that respect. A set of alignment elements may include a bottom
layer 52 and top layer sections 51A and 51B. Bottom layer 52 may have holes 45A and
45B, through which the dome spring elements 12A and 12B respectively protrude. Top
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hook film.
20 The hook films illustrated in Figures SA and 5B may further include spring-like
elements (not shown) such as elastic balls or posts to provide a biasing force that tends to
bias the top hook film 61 and bottom hook film 62 in an open position (as illustrated in
Figure 5A). The hook films may be engaged by snapping or sliding them together. The
predetermined distance of travel allowed between the top and bottom hook films 61, 62
25  may be proportional to the size of hook-like elements 63. For example, the height at
which the hook-like elements 63 protrude from the respective hook films 61, 62 may be
slightly larger than the amount of travel allowed between the top and bottom hook films
61, 62. For example, the hook element height (the distance from the hook film to the top
of the hook-like element, measured in a plane perpendicular to the base of the hook film)
30 may be in the range of .01 centimeters to 1 centimeter. The hook-like elements may have

a hook element width (the distance between the outermost ends of a hook-like element 63,

measured in a plane parallel to the base of the hook film) in the range of .05 centimeters to



15 and 63B at the point of attachnent to the base filmnmay be approximtely
0.25 centineters, although the inventionis not limted in that respect. In
t hat casewo tapprexi mately 9 or 10 hook-1li ke el ements 63 nmR¢TrESs/adg7dn a 2.5
centineter wide hook film Each hook-like elenment 63 nmay have a |l ength
corresponding to the length of the hook film 20 The hook fil ns
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arrangenent when the hook filns 61, 62 are engaged. Done spring elenent 12
bi ases t hdesfidplehook film 61 to place the top and bottom hook filns 61 10
and 62 into th & 'L&Qé'ﬁ'lné Strld @ itk ARG FOLE B ARt the
top hook fil m?gggﬁg%rg)?ges tle d%irre spﬁ?%&e%errent 1% an%rccauses et Ee top
and bot t odorheeprirfg dlerserttd 2tbecomes depressed in response to the user actuated force. In

addition, top and bottom hook films 61, 62 may provide resistance to rocking of individual
20  switches, and may ensure that individual switches are held in place and properly aligned
with individual dome spring elements. In this manner, top and bottom hook films 61 and
62 can replace conventional scissors hinges in a switch array.
Top and bottom hook films 61 and 62 provide several advantages over
conventional scissors hinges. For example, hook films can be fabricated at relatively low
25  cost by extrusion or injection molding. Moreover, assembly of switch arrays can be
simplified significantly by replacing discrete scissors hinges with top and bottom hook
films 61, 62. The hook films 61, 62 can be engaged simply by sliding or snapping then
together such that hook-like elements 63 overlap one another to provide an interlocking
arrangement. Moreover, the machining of scissors hinge mounting brackets, e.g., on the
30 Dbase plate, is avoided. In addition, top and bottom hook films 61 and 62 may realize
thinner switch arrays by reducing the amount of key travel and reducing the number of

layers in the switch array.



in the closed position. The respective top and bottom hook filns 61 and 62
can be fabricated to define a predeterm ned di stance between the open and
cl osed powptieom413n this manner, the distance of travel @CTaWworetes in a
switch array, e.g., keys in a keyboard, 15 can be predefined. For exanple,
approximately 1 to 3 mllineters of travel nmay be desirable. Top and
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i npl enent Rolgs 40 assavare shapga athia sugiagsratss of ppproxiEnaiedy 0P sauase eensimatetyer

including a bojf QMilf@l%rafyi, !o'g'h@gk &tls @I‘I\,O@l]i NG Function as the keys that are

depressed by a user. In this manner, thinner switch arrays, and/or switch arrays having
fewer elements can be realized. Alternatively, additional keycaps (not shown) may be

20  attached to the respective top hook films 61A, 61B to be depressed by a user. In addition,
in other embodiments, multiple dome spring elements protrude through the same hole. In
that case, the multiple dome spring elements that protrude through the same hold may be
associated with the same switch of a switch array.

Figure 9 is a perspective view of an unengaged set of alignment elements in the

25  form of a bottom hook film 62 and a plurality of top hook films 61A-61H. As shown, the
bottom hook film 62 is formed with holes 45A-45H for éligning with spring elements (not
shown). Each top hook film 61A-61H may cover one of the holes 45A-45H when the
hook films are engaged. For example, the top and bottom hook films 62 and 61A-61H can
be engaged simply by sliding or snapping the top hook films 61A-61H onto the bottom

30  hook film 62. Again, in a switch array, top hook films 61A-61H may function as the keys
that are depressed by a user, or alternatively, additional keycaps (not shown) may be

attached to the respective top hook films 61A-61H.
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including a plurality top |layer sections in the formof top hook filnms 61A,
61B. Figure 8 is 10 a cross sectional view. As shown, a bottom hook film 62
i s engagewoviztobi4as pl urality top hook films 61A and 61B. PaasysSor/z7s

enbodi ment of Figure 8 substantially conforns to that of Figure 6, but
incorporates a top layer that is divided into a nunber of top |ayer
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W th spri el ements (not _ sho ) ch to ook film®61lA-61H cover one
of the: holEdo %ﬁagfq%wfﬂw%&ﬁm%Oﬁ}@b%hbe@l?d_ qf&@&%ﬁ%?é}é Phe top
and bot t og1QeQkpihddsiE fdién meqi%g@éiﬁ: Rl dnd Boull HeRARIAGH biBRI NboRYilSI62dbNg or
snapping the top hook filns 61A-61H onto the bottom 30 hook film 62. Again,

in a sw t défirertheagrea foplinsoient of sash ephodkHilme8l. f uncti on as the keys that

are depressed hy a user r.,alternativel addj tiopal keycaps ot__shown)
mmy be att achbiefts e 3 apBieRARs! Sbon iRl BRReal AR b GG e

02/ 091841 5elRfadhts/a HeQbrd Of a bbttéh eayerhReuidiveNd bottdn Bbsletiesl 62 Andh pyleger8 and 9,
it may be desirable to prevent |ateral nmovenent of top hook filns 61A-61H

rel ative tnsludangasinglesnp reaknileps hising rgid elgmanks B endelepigaegiomnd - way to
sEn ove o A A IE A A LR ARUA Btlmaming o
ref erri ngtdpthobk §ur BoBpmi lappk fomkoX is fomEd wAtlclhalbaod S amd 43R ferdhligningevith Spri ng
el ement 1§f)6fing elements 12A and 12B. Top hook film 61 includes rigid elements 71A and 71B
20  and an elastic region 73. For example, in a switch array, rigid elements 71 A and 71B may
function as the keys that are depressed by a user. Alternatively, additional keycaps (not
shown) may be attached to the respective rigid elements 71A and 71B.
Figure 11 is a perspective view of an unengaged set of alignment elements in the
form of a bottom hook film 62 and a top hook films 61 according to an embodiment of the
25 invention. As shown, the bottom hook film 62 is formed with holes 45A-45H for aligning
with spring elements (not shown). Top hook film 61 includes rigid elements 71A-71H and
one or more elastic regions 73 between the respective rigid elements 71A-71H. Each rigid
element 71 A-71H may cover one of the holes 45A-45H when the hook films are engaged.
For example, the hook films can be engaged simply by sliding or snapping the top hook
30 film 61 and the bottom hook film 62 together. Hook films can be fabricated as described

below.
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and top hook film61B could be attached to donme spring el enent 12B. Anot her
way to prevent |ateral novenent of top hook filnms 61A-61H rel ative to
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and one or"nore elastic regions 73 between the respective rigid elenents
71A- 71H. HEaotesbSidgind SB| enent 71A-71H may cover one of the hol es 45A- 45H

when t he hook f.il are_engage For .exa e. the hook,filns _ca
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Pawcat uckavailable from Ethox Chemicals, LLC of Greenville, South Carolina), to increase wet-out
of the hydrophobic polyolefin materials.
20 The quenched film can then be air-dried and collected in 91-137 meter rolls
(100-150 yard rolls). The film may have a uniform base film caliper of approximately
0.0356 +/- 0.005 centimeters (0.014 +/- 0.002 inches), a hook element width (the distance
between the outermost ends of the hook element arms, measured in a plane parallel to the
base of the film) of about 0.1524 +/- 0.005 centimeters (0.060 +/- 0.002 inches). The film
25  may have an extruded basis weight of approximately 700 grams/square meter. The
vertical travel permitted may be approximately 0.094 centimeters (0.037 inches). In a
separate operation, the extruded films can be annealed to flatten the base sheet by passage
over a smooth cast roll maintained at approximately 93 degrees Celsius (200 degrees
Fahrenheit), and then wound onto 15.24 centimeter cores (6 inch cores) to minimize
30  web-curl.
Figure 12 is an exploded block diagram of two switches of a switch array, e.g., two

keys of a keyboard. As shown, a switch array may include a base plate 31 to provide
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Connecticut) having a dianeter of approximtely 6.35 centineters (2.5
inches), a 5 length/dianeter ratio of 24/1, and a tenperature profile that
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( eﬁé ﬁ@gﬁlducgftﬂn% gﬁ%@bﬁ& {Je?ﬁbr&efﬁf%ﬁﬁt %8{,/..1.{?4 o, tﬁ&%{dmﬁl}?{ﬁ%% ShaRds-

The quenc act ant,

Et hoxy CObditong majuelsydxgeaifhilyd &rey sfaiirerspaing elemeatsl fahh:ea f)assmgelitalymﬂﬂhem cal S,
LLC of Geenville, South Carolina), to increase wet-out of the hydrophobic
pol yol ef i ?‘Ppﬁﬁfﬂérr%uéﬁaﬁe sz'@eﬂ?étfaﬁéﬁ??ﬁ‘étﬂa‘fq 3%m can then be air-dried and

coliected 1n Ioddif RS 53 lmhhédwtmreliﬁAwsifowlgﬁ)]g wlcichid iffpy have a

uni f or m base f| m ca i per of approxi mate 07005 centi ers
(0. 010 Oclom2nts ACAem)l,128. fﬁmlda;edréﬂmmnludmdtgliﬂ ﬁltmentdﬂéAandé’ |Bhatlwlsnc t he

out er nost ends t he ok el enent. arns ara

Che " baseiGIOEAS bevfegy (51 Tessste DEdenys Has SREAl nEreue1BEst " bo02
inches). Zhe7fs hay 85ve%xe Baue h%ﬂ:s%Wéh‘aQQBb@ﬁérﬁthw;gin BhtoRPRYQ¥ 5 megel y 700
grans/ square neter. vertical travel permtted nay be approxi mately

0. 094 centfergagaged. For a@mplmhesq embediments disdpperd bprkaraidyers, 51t heawtep uded

castro | SRaM RO Rl TR gtk BRab bRy 0% ,307 Sl N P DR sl Bl P B

Fahr erpei b the aigdl etl&ﬁ&nmmdm@ M., dﬁllt%ﬂlaﬁeﬂyl g lenSemt Bl A @nd NEnagres) to
mnimze 30 web-curl. Figure 12 is an expl oded bl ock di agram of two

swi t ches BRCHOLY; keyh Withprikeyeaps: | two keys of a keyboard. As shown, a

h | . i I
; VCMT} (l:JSO g; 5237/ - gﬁé{fehﬂ% MAC AFRARS SRL B &iRidely, REONigtnche e MR AR iR b4k

and described above may provide design freedoms to an engineer designing switch arrays.
Indeed, compared to conventional switch array configurations, the alignment elements
20  described herein may allow a larger number of keys to be realized in the same amount of
area. In addition, as described above, the thickness of switch arrays can be reduced by
implementing the alignment elements like those illustrated in Figures 5A-12. Moreover,
the need for additional keycaps can be eliminated.
Figures 13-16 illustrate four exemplary devices that may implement the invention.
25  Figure 13 illustrates a keyboard 91 that may include one or more aspects of the invention.
Figure 14 illustrates a handheld computer 92 that may include one or more aspects of the
invention as part of keys 93A-93H. Figure 15 illustrates a laptop computer 95 that may
include one or more aspects of the invention as part of laptop keyboard 97. Figure 16
illustrates a cellular telephone 100 that may include one or more aspects of the invention
30 as part of the keys of the cellular telephone.
For example, the respective devices in Figures 13-16 may include an array of dome

spring elements that include channels connecting chambers of the respective dome spring
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mechani cal stability. An electronic nenbrane 32 may reside on top of the
base plate 31. The electronic nenbrane nmay include a plurality of sensors
t hat genewetoe/osi4ghal s in response to an applied physi cal PCoruSe2/044m arr ay
of donme spring elenments 10 nay reside on top the electronic nenbrane 32.
For exanpl e, the chanbers of the done spring elenents 5 12A and 12B nmay be

connect edel@ﬁqeﬁtg.amﬁllis thénnefN\&iRh raﬁﬁ%@ifn tHOPRpSivE aevieésergr%nmovl%r% toREy

pl aced on the electronic Menbr ane 32 so that channel in the formof a
groove onvertiag. boeddnemhcoarraynfidane spfing blemgnisagayofe fvomed withinedokdsement s
forns a passage with the top,mgjor surface of the. electronic.xenbrane
32, Bot t OCTEGar BesVPE ogme g Rl AT (oS T B hepelintagisn i PV dome
spring l1@esogsBtidE &%@Q@riﬁ%aem'ggg | ayer 51 includes rigid elenments 71A
and 71B and el astic regions 73 between the respective ri ?i d el ements 71A

and 71B. Each Magtayesitemuritchrmmys inidie raseestivg devigey indrigures 13116 mayiiagluds A and
458 when th“itor%]gﬁ%ﬁﬁ‘éht %%h%gﬁilwgl @g@gﬁép ga?'%r eg%%ger@?ﬁ%guoxgqggf%oaﬁﬁli’ & 'hone

enbodi ment >° op an om op an tom hook fil ns

as descri hedaabaee forkein thadiedioh prtndiBanaythb enapbraaefdceost the prrdbofodontide
rigid elements 71A and 71B, or alternatively, rigid elements 71A and 71B
may f uncERTHY chenenssy andia HinYt 2 REsgetspRIineamepnt of gravghior hesivighesdnshe 12

col | ecti vl ien dftGs 21 AIMVRSH. Rl SUBinhdeh b hal O thay 305161 BERANRVE MBY

provi de design eedons to an engin€er designing swtch arrays. | ndeed,
conpar(ed placs prorédih g aligimawahd resestanay tackayfriogkingit Using,vatibes @pegnoithe

el ements 20 descr,i bed herein. ma | 1 ow. g | arger numher of ke to be
realized YCRUHRE: teFESPSRBYFdeY SY‘hﬁ‘@Hr.eslls‘lécFﬁﬁt“_?%‘ﬁ? ﬁggneﬂ&@c?%% 'above, the
t hi cknesskQfy,§Wah§ ﬁleﬁfepgya?d§&rke9§adsqgé5ﬂ%etf’é’wer'él@h&ﬁ?ﬂlfah B8nveRBol i gnment

el enments li'ke those illTustrated i n Fidures 5A-12. Mreover, the need for

addi t i onakeybeywlap adilitidye peiduptioracasts. m&y baedsceddylayoiding dieuae ef disarete
exenpl ary ,devi ces that nmay. inplenment. the .invention. . .25 Figure 13

st ot S SRR ST ARG e Bt egiin 8 G Seene

i nvents onmouftikpiéleémarts tad asé bahwsdad. handhel d conputer 92 that may include
one or nore aspects of the invention as ([i)art of keys 93A-93H. Figure 15

illustrates a Figpteolp donprieshovotherdesign iggdomsiofradeccd iy the invertionaBpect s of
e R T IS, A P B S
i nvent i onpléhed®0piaed n@inetdmokdiystodiold e kees inplade. tMoephonte skape aadanpl e,
the res pelcag/i)l\llteofctll?evli(e%les!%aril {;le E’Lgrg\r/gds bo:lil:i)-flil'nactig‘rfl1 llyi arrll(c:lllol%%gstﬁgtic%fl)r/.a}éorogxagl%?g as
20  shown in Figure 16, adjacent keys may not need to be separated by molding or the like.
The various devices of Figures 13-16 may include a processor coupled to a user
input device. The user input device may include a switch array that implements one or
more aspects of the invention. The processor may take the form of a general purpose
microprocessor and can be integrated with or form part of a PC, Macintosh, computer
25  workstation, hand-held data terminal, laptop computer, palm computer, digital paper,
cellular telephone, appliance, or the like. The user input device may include a keyboard,
keypad and/or any other switch array. The switch array may include an array of dome
spring elements according to the invention and/or a set of alignment elements according to
the invention.
30 A number of implementations and embodiments of the invention have been

described. For instance, an array of dome spring elements for use in a switch array has

been described. In the array of dome spring elements, the chambers of each dome spring
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spring elenents that include channels connecting chanbers of the respective
done spring 13 WD 02/091415 PCT/ US02/ 04775 elenents. In this manner,

swi tch arwaywg/09x13 he respective devices nmay allow for keyPCoAakseyo479&nt i ng.
In addition, the array of done spring elenents may be formed with no hol es
in the regions between donme spring elenents to ensure that a hernetic
barrier i geRlefMhgfse EchnetB@ bPat lefdont ifandtl WARScHRibeR 8f £10BE Abfhe sprin
Moreover, the switch arrays in the respective devices in Figures 3-%6 may
i ncl ude element. dh agdditignreeset obdlimarenselpments doriige an o spiteingiary kavieg@dingi t h a
bottom l ayer to.diyrect, user t uat f. ih the .direction tnendi cul ar
o the map el risbEmsestEn. SHRLHey R itk 8Pl SRS SR RN o s
pr edet er nimagdvaidehedticR{ kby phetlonfe@dn hiemawrddube theithickfeds oS thetsélitcRbrrays. | n
addition, the set of alignnment elenents may _securely hold the keys in 10
pl ace,d pr Marenvey aawﬁwmgﬁwwmg Fajt %Fn%@Plee%éger?%Wh@ng OENRGCEAL ous
aspects o i ton, the respective devices in Figures 13-16 can
realize t ?% ggmﬁgégggkds or keypads, and the keyboards or keypads may
have fewer el eNewdrehelels it ic andestobd riat varkeey moak fsatiohsimag e tmada withooduct i on

costs may ,be reduced by avoiding the use of discrete done sprin ment s
and/ or di $81ENg S dupiirtAdSeQRe SfHRe HYEM fﬂyr saﬁélglelps@sergveﬁil?fg%u?éﬁe _
mount i ng gLAERRLEd GRS SAtcREnAYQisarhs shi@HRfradorl bl HIthAELRSDRAWRe design

freedons |d?roduced pby the invention may realize |nprove§g§}s in cel
phonel@ es higmaft Byaterepifeoranotonyehtitle, alsivghrerraysah epphiarees etdter-pbafitevicds does

not need | ding, to hold the keys in place. .Mreover, the shape and ..l ayout
of the. keyDrissnOlseiiig Gy ESisL e Rt oay G 510 s ore Br ouldor
exanpl e, BSerRgs&dBMhtdribckingWl@nekes otBél tAEERSoK<IENSe1BRYNtEOA OB gly) oltRr
separated by nolding or the |ike. The various devices of Figures 13-16 nay
i ncl ude aimpplemerigdenscad smbgdimeengs arg sithin the seopgefiteefollpwing @amsi nput devi ce
may include a switch array that inplenments one or nore aspects of the

i nvention. The processor may take the form of a general purpose

m cropy ocessor and can be integrated with or formpart of a PC, Mcintosh
conputer 25 workstation, hand-held data termnal, |aptop conputer, palm
conputer, digital paper, cellular telephone, appliance, or the like. The
user input device may include a keyboard, keypad and/or any other swtch
array. The switch array may include an array of donme spring elenents
according to the invention and/or a set of alignnment elenents according to

-
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the invention. 30 A nunber of inplenentations and enbodi nents of the

i nvention have been described. For instance, an array of dome spring

el ement s woro2agg13 n a switch array has been described. | mrCrhusozo47ay of
donme spring elenents, the chanbers of each done spring 14 WO 02/ 091415

PCT/ US02/ 04775 el ement may be connected by at |east one channel to the
chanber ofpansider done spring elenment. In addition, a set of alignnent

el enents for use in a switch array having spring elenments has been
described. Switch arrays inplenenting various aspects of the invention may

avoi d the, sti cééraks‘,yrat%h?r}qlrggpoys‘gltﬁlcﬁy%rha%g “thhg%getmg rrpﬁ f’g%ratu he switch

array. 5 ]Vbreo asse ray her eby
reduci ng {sed:uri ng and production costs. Nevertheless, it is
under st ood at various nodifications my be nmade without departing from

the spirit andaéeféfﬂé layer defningpt fopaligmpg wathrpng clemgats; adent i on coul d be
| npl emented i n, h% ﬁ@ég%ﬂ“ﬂ{hftﬂ @u&ﬂd@ efiﬁndsﬂ\fa%] rb'vﬁaryrf?c}{ﬁ b @t{(}ni 1'é1§érw”?”t
; tercr , C ar

panel of an 10% aitr aft or tor ve SW t ays in
appl i ancesponyabeusig ofxhe dpririgeedsments tromghsthb heles @vihe dsttomrlaymusi cal
instrunents. In addition, the top and bottom | ayers could be engaged by
i nterlocking elenents other than hook-1ike el enents. Accordingly other

i npl ement at i ongpand,,erosH MBHL 5 “a{eﬁ'elmﬁehbm%ﬁm%ﬁfae@a furdIfig of
clains. 15 15 WO 02/091415 PCT/US02/ 04775 n appara us for use

in a Hi tshtiens, ayd &@hiofithestipp laygr sicimerdisctstuser agyraedafionss agaowpenesifilge 5 a
bottom | ayer d%l ning holes for aligning with spring elenments; and a top
| ayer eng % he bottom | ayer and biased away fromthe bot t om | ayer
upon protrusion of the spring elenments through the holes in the bottom

| ayer. 2. The apparatus of claim 1, wherein the top Iayer i ncludes a
plurality3of t&pe apppeatus aflamch ivdieesin theckwalgh larray i dkeyboprdt ayer sections
directs user actuated force against one of the spring elenents.

15 4. The apparatus of claim 3, wherein each of the top layer sections is aligned with one

of a plurality of keys in the keyboard.

5. The apparatus of claim 1, wherein the bottom layer and top layer define sets of
hook-like elements that engage one another to define a distance of travel between the

20  bottom layer and the top layer.

6. The apparatus of claim 5, wherein the top layer defines a plurality of top layer
sections, and each of the top layer sections defines a set of hook-like elements for
engagement with hook-like elements of the bottom layer.

25
7. The apparatus of claim 6, wherein the top and bottom layers are films, and the

hook-like elements are formed on the films.

8. The apparatus of claim 6, wherein the bottom layer is formed with regions defining

30 areas for placement of the top layer sections.
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3. The apparatus of claim2, wherein the swtch array is a keyboard. 15 4.
The apparatus of claim 3, wherein each of the top |ayer sections is aligned
wi th one wofozadphaurality of keys in the keyboard. 5. The apparsat/ug7df claim
1, wherein the bottom | ayer and top |ayer define sets of hook-1ike

el ements that engage one another to define a distance of travel between the
20 bot t omg | ayefhdpatai® dfRPaimal Wherchn thENR13RP HedlowdnOhy&is afeBrang¥d@r €i n the
top layer defines a plurality of top |layer sections, and each of the top

| ayer secalignrwitiispringederaensein thé famol - donesspeing glentestsf or  engagenent with
hook-1i ke el enents of the bottoml|ayer. 25 7. The apparatus of claim§6,
wherein the top and bottom | ayers are filns, and the hook-Iike elenents
are fornem.on Theappatalls oflaimhe whieRat tleUlfarcliaddinthe wage of M1tde bottom

| ayer is formed with regions defining 30 areas for placenent of the top

| ayer Zsectduaissentimegrs. 02/ 091415 PCT/ US02/ 04775 9. The apparatus of claim
1, wherein the holes in the bottomlayers are arranged to align with:
spring elenents in the formof dome spring elenents. 10. The apparatus of
claim 1, wher €Tl dpparang @< lame, sihemih the Hoblke-likaepeents Havéd athooR elemeaguar e
centinmeters. 11. The apparatus of claim5, wherein the hook-like elenents
have a ho%i@t}é}"éﬁéﬁatnge\ﬁ? g?)H CPRMEIEIS Lo | fENGPCIET-01 centineters to 1
centineter. 10 12. The apparatus of claimb5, wherein the distance of travel
is less than 3 mllinmeters. 13. The apparatus of claim 12, wherein the

di st alfce BY. t r’Bwedppasitusedslaiman wherein therdestarcs of travel iSTlees dppdmaillisetofs. cl ai m
5, wherein the distance of travel is in the range of 0.01 to 1 15
centineters. 15. The apparatus of claimb5, wherein the hook-like el enents
have a hopk el Ei@ippardd® @laimn 2 MBelcan@e ddkarle 8Btrhwe] Is et R el fnetdd. 16.
The apparatus of claim1l, wherein the top layer includes substantially
rigid elenments and elastic regions between the rigid elenents, each of the

i d el erent sybelng.  GIEHLY IR Plhe G lor it EHTRAL PrllPBROR1 Ui On

of the spring ele roug
15 centimeters.
15.  The apparatus of claim 5, wherein the hook-like elements have a hook element

height in the range of 0.05 to 1 centimeters.

20 16.  The apparatus of claim 1, wherein the top layer includes substantially rigid
elements and elastic regions between the rigid elements, each of the rigid elements being
biased by one of the spring elements upon protrusion of the spring element through one of

the holes.
25 17. The apparatus of claim 16, wherein the rigid elements comprise keys.

18. A keyboard comprising:
an array of sensor elements that generate signals in response to a force;
an array of spring elements corresponding to the array of sensor elements;
30 a bottom layer defining holes for aligning with spring elements; and
a top layer engaged with the bottom layer and biased away from the bottom layer

upon protrusion of the spring elements through the holes in the bottom layer.
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the holes. 25 17. The apparatus of claim 16, wherein the rigid el enents
conpri se keys. 18. A keyboard conprising: an array of sensor elenents that
gener at e Wogn@ads1i n response to a force; an array of spri mgTalSemetTrs
corresponding to the array of sensor elenments; 30 a bottom |l ayer defining
holes for aligning with spring elenents; and a top | ayer engaged with the
bottom | ayer and biased away fromthe bottom | ayer upon protrusion of the
spring elenents through the holes in the bottomlayer. 17 WD 02/ 091415

PCT/ US02/ b4 775Thellgybaard ok elpnd Bdwhéreinl the miraBof sphimgelamankseis anaergy of spring

elements s an arr of, Qe SpEki el enent s rein.ecach of 1he me
opr i ng. ol iRl ISR BePRE e SOBHT: RS L shlmbdnan s

i nterconnect tWRereanplefasityodf chagnelOMterédineftGhe bhahtRiEsf the oMb spitgt each the
chanber of each donme spring element is in fluid conmunjication with the
chambér oflements sacdrthggpachythechambenpfcaghhdeme ppringelenetdningluido. The keyboard
of claim N, ; L of

hook- | i ke&g?%lgn@g{tgdn{lwg?&ee%gg%lgépodr%yge%%tt gro rf?% (it?ér% tongeshhggg%g{eeﬁgf travel
between the 10 bottom | ayer and the top |ayer. 21. The keyboard of claim

20, wherein the top |layer defines a plurality of top |ayer ections, and
each of t#e t ophqkybpardeirlagpnd 3 quhsipshs basart dgyer akiopiTier de@Aassisolf or
engageneno i il ek lh‘éﬁe LEOBRY shofer tOBmACE diQThd N GFaveliRiwéen thE€ keyboard
of claim 21, erein eac the top layer sections is a key. 23. The
keybody d dttomh hiyen ab8, thevopriayem. t he top | ayer includes substantially rigid

el enments and el astic regions between the rigid elenents, each of the rigid
el enents being 20 biased by one of the spring el enents upon protrusion of

the spring el effnteybBsi@WERI1aRAL00Wherkitahé Qhﬂi"za%er%l@fina_sk@pllﬁﬁbﬁbﬁéff dpedyee! ai m 23,

wherein the rigid el ements conprise keys. 5. The keyboard of claim 18,

wher ei n t $eetionsparthench of thertop dgxar seciioas fefines a speof hpek-likeyw of claim 18,
further conprising. C tache | ayer. 27. The keyboard of
claim 18, R %err%?nr%g‘f@?oé)?gg(fa% n?‘%ﬁsr%ntégg{’ e(ﬁrnetrll%%r'ar e attached to the

15

22. The keyboard of claim 21, wherein each of the top layer sections is a key.
23. The keyboard of claim 18, wherein the top layer includes substantially rigid
elements and elastic regions between the rigid elements, each of the rigid elements being
20  biased by one of the spring elements upon protrusion of the spring element through one of
the holes.
24.  The keyboard of claim 23, wherein the rigid elements comprise keys.
25 25.  The keyboard of claim 18, wherein the top and bottom layers are films.

26.  The keyboard of claim 18, further comprising keycaps attached to the top layer.

27.  The keyboard of claim 18, wherein the array of spring elements are attached to the

30 top layer.
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30 top layer. 18 WD 02/091415 PCT/ US02/ 04775 28. The keyboard of claim 21,
wherein the bottomlayer is formed with regions defining areas for

pl acenentwofo2tohet1s op | ayer sections. 29. A system conpri sipag7use2/e47p5 ocessor
coupled to an input device, the input device including an array of sensor
el ements that generate signals in response to a force, and an array of
spring ebementfe kQ/oSRIRRHIAD I AhEREH SEBIREMILRIB HoPmed WRLIr&RYEs devi ce
further including & bottomlayer defining holes for aligning wth spring
el enent s defthing arops foaplcernenjad &t tap tdyer brstipat.t om | ayer and bi ased away from
the 10 bottom | ayer upon protrusion of the spring el enents through the
holes in the bottomlayer. 30. The system of claim?29, wherein the array of
spring el goent 3 dystetodipidihgef dome spring el ements, wherein each of the
done spring el enents defines a chanber, and wherein a plurality of

channel s i nt er & prsesser eavpladHamp drmit devieh dhejivpnt dayiderdpcluding pepay of such t hat
t he chanbgr i LS4 Nefl ui I ion wth the
chanber o?eng(glfeileggé{es g‘%gg%r%paﬁ%gg%%q glﬁ% Orrrlllseétsop?forrflge’3?%%@%6%%?&8% system
of cl ai m &8meiileotedpohdiag botHeasndoayemeand top | ayer define sets of

hook-1i ke el enents that. engage one_ another to limt a distance of travel
between the 2thepprut dayicaather igluding 4 Bestanyayer dedmingrhplessios plighing wWethaj m 31,
wher ei n the: ' -t - j d each
of thet o 1Bt B CinEElobBtr Enplabl Sl Budu Ry PURL iR EhaF T Rom 0
engagihenbotwint layhioqpon| preuséreoiethe sprirfg d¢léreetootitromgh thy éoles 26thd Bottdindaysy.st em
of claim32, wherein the bottomlayer is formed with regions defining

areas for placenment of the top | ayer sections. 34. The system of claim 32,
wherei n eggh ofnd HRidnPBf HIANED SAfkdif AR drﬁaga)f\llﬁ\lﬁb{ng clBRieAR iV 820G HbEr

PCT/ US02/ 04775 35. The system of claim 29, erein the top | ayer includes
subst ant i sfiring elgmpgndis, etherasmeach of the dome spring elements defines a chamber, and

wherein a plurality of channels interconnect the chambers of the dome spring
15  elements such that the chamber of each dome spring element is in fluid communication

with the chamber of at least one of the other dome spring elements.

31. The system of claim 29, wherein the bottom layer and top layer define sets of
hook-like elements that engage one another to limit a distance of travel between the

20  bottom layer and the top layer.

32.  The system of claim 31, wherein the top layer defines a plurality of top layer
sections, and each of the top layer sections defines a set of hook-like elements for

engagement with hook-like elements of the bottom layer.

25
33.  The system of claim 32, wherein the bottom layer is formed with regions defining
areas for placement of the top layer sections.
34.  The system of claim 32, wherein each of the top layer sections is a key.

30
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and el astic regions between the rigid elenents, each of the rigid el enents
bei ng biased by one of the spring el enments upon protrusion of the spring
el enent twopoaghi4ohe of the holes. 5 36. The system of cl aiPeTd5p2/0412% €i n t he
rigid el enents conprise keys. 37. The systemof claim?29, wherein the top
and bottom |l ayers are hook filns including hook-Iike elenents that provide

an interl 9eki NghatysaRIsNBMm PEIWIREAN {8 0h Cer ARMABOSIRMMlAKLHSid eldhed® The
system of claim 29, further conprising keycaps attached to the top | ayer.

39. The symtadatisiregipag batween thi aigid elempnts.opch ehthe sigid elemprnts peins bpsedby and
the input device is a keyboard. 15.40. .Th st,em of . cl ai m in the
system i s Tan Spis Tty SR cprotddhar he SpliF M w2y FhEPtynENSLeR

| aptop conputer. 41. The system of claim29, wherein the systemis a
handhel d conputer and the input 20 device is a key pad on the handheld
conputder.3@2. Thesysiem ehslam 33.avherein theigid glemenpecogpsise keyss a cel | ul ar

t el ephone and the input device is a key pad on the cellular tel ephone. 25
43. The system of claim 29, wherein the systemincludes an instrunent panel
and the Bhput Thesiste bfclaink2y, wirteinithet thp andbotrammiayerspae Bbok ildns The system
of claim29, wherein . the systemis an appliance and the input device is a
key pad owc{uﬁglgdwk{]&ﬁ@ menes Ba pre eew{%%rmc&ngcf}%n&?%}t 8ihF ©Re array
of spring,f iRl Byake attached to the top layer. 20 WO 02/091415

PCT/ US02/ 04775 467 An apparatus conprising: a bottomlayer, a top |ayer,
and 5ltheans for engaging the top and bottom | ayer such that upon

?gggggmang& ANhé S%Pe% of glaitrrll’ @/,%lmflesr cggfp}igli%g kgy(?é[a\ll)\lsegtrt]actllgg t<;[ R t(%)nlgyebr(.)t tom
39.  The system of claim 29, wherein the system is a desktop computer and the input
device is a keyboard.

15
40. The system of claim 29, wherein the system is a laptop computer and the input

device is a keyboard on the laptop computer.

41. The system of claim 29, wherein the system is a handheld computer and the input

20  device is a key pad on the handheld computer.

42. The system of claim 29, wherein the system is a cellular telephone and the input

device is a key pad on the cellular telephone.

25 43.  The system of claim 29, wherein the system includes an instrument panel and the

input device is a key pad on the instrument panel.

44.  The system of claim 29, wherein the system is an appliance and the input device is
a key pad on the appliance.

30
45.  The system of claim 29, wherein the array of spring elements are attached to the

top layer.

20



47. The apparatus of claim 46, wherein the neans for engagi ng includes a
plurality of hook-like elenents. 10 48. An apparatus conprising: a first

| ayer i ncWodemngi4as first set of hook-1ike el enents, a secomdTlsymo477hcl udi ng
a second set of hook-like elenents, wherein the first and second sets of
hook-1i ke el enents are engaged, thereby attaching the first layer to the 15
second | ayer. 49. The apparatus of claim48, wherein the engaged sets of
hook-1i ke el enents collectively define a distance of travel between the
first and4&ecoAd apparetus coPri§ag: The apparatus of claim 48, wherein the

di stance of tra e& i§ in the range of 0.05 centineters to 1 centineter.

51. The appara? QPP LG m 48, further conprising a spring el enent biasing
the first anda&paepd, dmlyers away from one another. 25 21

5 - means for engaging the top and bottom layer such that upon engagement, an

amount of travel is defined between the top and bottom layers.

47.  The apparatus of claim 46, wherein the means for engaging includes a plurality of
hook-like elements.
10
48. An apparétus comprising:
a first layer including a first set of hook-like élements,
a second layer including a second set of hook-like elements, wherein the first and
second sets of hook-like elements are engaged, thereby attaching the first layer to the

15  second layer.

49.  The apparatus of claim 48, wherein the engaged sets of hook-like elements

collectively define a distance of travel between the first and second layers.

20 50.  The apparatus of claim 48, wherein the distance of travel is in the range of 0.05

centimeters to 1 centimeter.
51.  The apparatus of claim 48, further comprising a spring element biasing the first

and second layers away from one another.

25
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