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relates to switch arrays for use in conputer input devices and, nore 5
parti cul awbyz/vmikeyboards and keypads. BACKGROUND El ect romiusozywissehes 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 presgouapPROOF SHAITHARRARYKEY 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
common exanple of a switch array. Manmﬂﬂch arrays, such as keyboards,

i ncl ude done spring elenents to provide a  biasing force agai nst individual
keys. Dome spriTyg iventRiliSlais @y swiecH @fdys e dse eslbaafuteOinput devices efid;ore

provi ding a defi ned amount of resistance to key actuation. Moreover, done
spri ngSel aratinudarkyngo kexbepuds and keypagpi ng” feel upon actuation, wherein the
anmount- of resistance to key actuation drastically decreases after pressing
the key past a threshold distance. Done spring elenments can becone

cont am nat ed, however, particul arl BAGKGROENDcol | ects under or within the
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such as copputer ke Boards .0r . keypads. thn f)n " enbodi mentt the i nvention
provi des &FCUapicApersprageRhich in et cqusesdhe & effg?mﬁ%en?lﬁa% SRR ay. "Each

of the dorge aBhicGorl.eABMLPHutd REJIRARI B onbABREIon dXaRiplty ¢fla dwitcfan@Rannel s may
i nterconnect the chanbers of the dome spring el enents such that each
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providing a hernetic barrier to 1 . . .
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 genéral, the invention is directed to various apparatuses for use in switch arrays
such as computer keyboards or keypads. In one embodiment, the invention provfdes 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 communicatioﬁ 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
can seal wDfoziode1é ndi vi dual donme spring el enents from thePCoaiss/aBs6
environnment to avoid the sticky key phenonmenon. |In another enbodi nent, the
invention provides a set of alignment elenents for use 5 in a switch

array. Th et. of alignnent. el enents. may _include a hottom | ayer defining
ol 5 f or i ks g Sri PG PR B ctenidh o1 AR Tt 1 (he
bot t om | aygay of ddife épm[gle@eyﬁnté Gnlealsstfithe wadlviduaohfeepliag tlRMdnRYEim tHgon

protrusion of spring elements through the holes in the bottomlayer. The

top and beutsismensiyenmentig/avsed theishgky ket phenp@pipte hook- i ke el enents that
engage one anOtclixlp%o‘the!rr}mtbghﬁnéﬂ?,%@{mfﬁﬁlﬁ}&;ﬁ%d@&lsé?ﬁ% 5 ¢ LRYRLS ﬁ%‘sedef' ne
0] . (0] t he

a predet erm ned anount ey trave reover, edet erm ne anount
of keys t r avgbwhetyarksy. e set dfalighfientsiamets mby kejuderasbotormohyerafetieitigi onal
keyboards  that inplenent scissors hinges. In addition hg set _ of

al i gnment heles fgrdigning Wiy poing glemests, apda i lpgr p?%%ﬁ%é\ﬂﬁhﬁ& oS YeRor e
aspects o i i a[Wa& wsegh i i r and 15
or keyboa];rgé I?ﬁ%?&ﬁgyg%aem i*lcg(jfﬂc;frnent sic{o %F%?@Jel%?gﬁgﬁ}, {bﬁo&fﬁéﬁ@%ﬁ%ﬂx{%ﬁt‘gm , the
top | ayer tlabugtt the heles irothe dbttgmriwrr. dhetrprand bdgbmiasrkegy beiihstiat t he use of

addi tional keycaps..In addition, the invepti rovi.de easier, keyboard
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result in swtch arrays that are flexible, rollable, washable, 20
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becone apgatat téd k@motkiagdescri ption and drawi ngs, and fromthe clains. 25
BRI EF DESCRI PTI ON OF THE DRAW.NGS Fi %,ure 1is a top vi el\ﬁ of an_array 8f
dome spring el &R&ME MFeASIGEts of Hedneeption gayherussd toppgliredhmnpkeyberafe sugt i ve
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bl ock di agra respectively ustratin swtches 30 of aswtch array
accor di ng theosee obaliinment deménts definasvens wohoutFhguseed additiona kspeaps.eln

Cross-s eCtaii iﬁgll‘l, tgic ?n%nt?gn rgaf grtovgc{e e%giggfge%ggrdenlla%g?a%&srirfg%na ra]tgsembly, and
therefore, may lower production costs associated with the manufacturing of keyboiards.
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 5A and 5B are cross-sectional views of a set of alignhment 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/ 091416 PCT/ US02/ 09356 Figure 6 is a cross sectional view of

mechani cavby2emgaged top and bottom hook filnms with a domeTasnd/egsel 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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out si de epygisrannment. Each of the done spring el ements defines a chanber. A
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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



| east one of the other donme spring elenents. For exanple, upon actuation of
one of the 30 done spring elenents, air, or another fluid, may be forced
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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.



The array of done spring elenents 10 may have no holes in the regions
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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 iﬁch), 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



additional five mnutes. The result is a sheet-like array of nolded done
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Q corresponding to key cap 35A. The el ectroni ¢ nmenbrane may incl ude a
single letter Q, corresponding to key cap 35A. The electronic membrane may include a single

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



bottom | ayers. The top and bottom | ayers may include hook-1ike el ements

t hat engage one another. For exanple, in one inplenentation, the top and
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el enent 12 biasing the top hook fil'm61. In Figure 5A, top hook film#61
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hook film.
20 The hook films illustrated in Figures 5A 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 attachment to the base fil m maybe approxi mately
0.25 centineters, although the inventionis not limted in that respect. In
t hat casewo oapproxi mately 9 or 10 hook-1li ke el ements 63 nMR¢TrESs/aB50n a 2.5
centineter wide hook film Each hook-like elenment 63 nmay have a |l ength
correspondi ng to the length of the hook fiIm 20 The hook fil s

i nFlg es . 5A and. 5B may furt i ncl.ude spring-like elenents
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arr angenefit- € hoo engage sprifmhg el enment 12
bi ases t hgedi@plehook film61l to place the top and bottom hook films 61 10

and 62 into the open_position. A user-actuated downward force agai nst the

top hook film 16p 2a¢ppendeck flnyehandey may ded vesiactated force & .eu59tq et t op
and bot t oy, haQkifd Ligkeh®1 Pbecomes 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  base 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 powptoeom4id n this manner, the distance of travel @®@CTAWYEII66 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

bottom hook filys 61.and 62 nmay direct .user actuated force to sure that
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realize thinner switch arrays by reducing the amount” of key travel "and
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Including a bOtIrtl g?wﬂgl(lj lérrL}ir, ltg?) Egoka f?lgnsafi 15&?%115?1¥aeyrﬁmction 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 aligning 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.

10



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 engageaowempnd4as plurality top hook films 61A and 61B. TPlW4AIS0Y/08856

enbodi ment of Figure 8 substantially conforns to that of Figure 6, but
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sections in the _for f discrete hoaok fil 61A, 61B. Botiom hook film 62
Co formod wit h IR dleembogmens Mskgtednn l%r?sgﬁﬂ%ﬁ‘g"laww g%ﬁiqsrrgﬁléﬂ%ﬁﬁeﬁﬁ%t 12A and
12B. For exaiPh@velloht®F taphdBfilhs 6RA-61H fdativR tb BSidA BEEK Bfm @2 Intled the Squar e
centinmeters. In one particular inplenentation, holes 45 are square shaped

wi th a suiflmesercangagadt Quspraiorashielvy this 536 adaphdhetopdwok fibne 6$A-61Fhtoa swi t ch

2072 LR Ul SRR BRIl B o) oo

havi ngs f eyfefrirg t6 Fedirs 8 ap hbek fikaloil Aedul i RfablRidity dbine s@ﬂﬁiﬂ?’ blepRad 1d¢eycaps
(not shown) may be 20 attached to the respective top hook filnms 61A, 61B to

b
be depr es 8¢ taphoplifiley01B epuidibe etfashed to doman setogslpsesaf it s, nultiple dome
ol et s s, bSO SO A LA 1

donme spring el t"protru roug samne associ at ed
wi th the battemdwokdim@D iatosferhebgiany @yt sHemal ireb@tons heokp@lns P2.CIA segion ew of

an unengaged set of alignnent elepents i he = 25 f.orm of bat t om hook
11 m 62 aneFYAIo0nG R Ay G BGEa ook 17 1996 TR L8 Hini e SHERmOR e oF 1961 t om
hook {4 | MyBEK Kism 6@ EBGveNo R tBRY Iﬁ)%k‘fﬁﬁ'%%&f)ﬂle ﬁhhgﬁl’eréﬂg%%eﬁh FoPELAgpIE! ement s
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spring 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 71A 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 71A-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.

11



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
bot t om howb okiodré2 is to formregions (not shown) in bottamusonbosss | m 62.
A region may define an area for placenent of a top hook film®61l to limt
the | ateral rmtion of top 10 hook film61l relative to bottom hook film 62
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71A- 71H. FEagés A ghdl5Bel enent 71A—71H may cover one of the hol es 45A-45H

when the hook filns are enga(g For exarrgrg "the hook filns can be
engaged si npl yhByfile) Ganibs gxvded degmmheglic ped drop-cagick 2ot fimeiers/miawe (L e

ool ot 1008 03P bB T BB Pk RGN TR0 T Re B! CALERIER Bpbtocrt Ded

et hyl eneFplepyditfer £ opileyceaimé FCH3¢as010 FCo0Rdss lﬂmel quenkhytedinmanayles atte

a <F ngl e el e P thppmsiioy Hhat COS i iadipbrac R o -

Pawcat uckyailable 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). Ina
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
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The quenc %e ragedi an e elemropen membrigne B2 o0 that clgmmely 1 4,41 i forst ofa grapyaen thet |

Et hoxy I ' ' fr Et hox. Chem cal s,
CLC of G el ipd0t EEREP bR ARy POEL sl ol RS o S GRS b
pol yol ef i mopmbjer satfae cf@hel¢lectopminab@brahé B2 can t hen be air-dried and

collected in 91-137 matg (.,100- 150 yard rol]s). The filmpay have a

rall )
uni f or m base f HONCERRYFet? lrégorgf?ﬂr"ﬁ hpleset -4 0B dadienmeopith ¢eng shfdEer s
(0.014p O.RARniNESAd 128 .19 1@%@%&%&%&%& t ALeRGE71 PEIVE&R L he

out ernost ends of the hook gﬂfement arns, asurecri1 In a plane parallel to
the base regionsh8 Betiveqn b respective@igibddments GOA apdritl Bniaeh sigidikl@fént 70 A002

ar as/ squabe” HevE corREsn iy B A A S e o fay BB BveR Tatal
0.094 cenbigBeasdd. (RorQidmpRCHesik enfbddiens SRHopt-Ad PBREALLRRAs 51,138 a@xiopuded
films can be annealed to flatten the base sheet by passage over a snooth

cast rol | aphbeiteinhedk flmappiesiibastabrye. deevienps 884 a0di3sPunay bopacksigmeten
Fahr eqgei %thﬁg@% hfréﬁ{%n%?@m%‘%zl%l, yal%e‘%né%ﬁ)%yd g%&g{%@gﬂtﬁm%na ‘)g;? n?e%%es) to

mnimze ure 1 an expl di agram
swi tches dinctios ek keys witliay keyeags., two keys of a keyboard. As shown, a
sw tch array my i ncl ude abase pl gie Bl tg provide 12 O 021001416
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/ogi4gmnal s in response to an applied physi cal pCoruse2/09s6 ar r 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 naybe

connect edeftg% ch%nglﬂel 14. The, array of donme spring. elenents 10 can _be
pl aced ofl58ISe| 1B 5 grmpespiichhaetys ;n the respgstiverienices mey allow feeyrigriseyof a

groove o ) [ ] (gﬁ)]gF [ ement s
forms a g%‘itg%géaggaﬁg?ﬁ? ﬁxéra? ? %‘?)(ﬁﬁrri?pglﬁlgtg%%geﬂg}l B% Ee e évgﬁlrﬂc? Qg)éggrrlgl nbr ane
32. Bott dmikegipes b&¥eps dbme spunglethetipioamsdeAhat GBelmeti@bargai is groviddd tdonme
spring 0 el ementps ffLﬁ%A and. 12B. %&Rel ayer 51 includes rigid elenments 71A
and 71B SFPOUOFETAE of Jups gpiieAke en the respective rigid el ements 71A
and 73 B. Eachdresid, 1Bk 8RRk arfdyA in BeGespbEivERIEvERY 81 FiaiRsQh- lhBa)RlRRe 45A
and 45B when the top and bottom | ayers 51, are engaged. For exanple, in
one enbodispertalighment demenis insbidingr top Javies emppged withragdbofttom laggrdo Bise¢tom hook

fil i . I d f
the i o YEREhaRAdBY N the MEXUGR ISP, HRTRIBY P cBOERE el of S50 g
71B may sprinpcdledentdsankay allviviaeedetdemiied psnouRed R dviehor fiesgviechbd @uhes S5A- 12

collectively, the alignment_ elements illustrated and described above may
%

provi de d&EFRyATeNse dnafdition the s pgrimaentelsmenis ey eely hold thedeys imdeed,
conpaped i i . i ati ! t

cFomar < Pifedasyay ABneAMI AL BN ROP B2 U BiPvartollF o BbGROTER

real i zed inventidrg tsarespahive devicds in Higuaes 183A1 Gackdirealone, thiaserdeybodréec above, the

t hi ckness of .switc rrays, capn be.reduced i.npl ementing the

a1 gnen Eegrgi s Fbouns SERe PN RrLEets Fiers §RPe Ton DRveRBrover, ¢ he
need for kafcsyaﬁdso NAkd&KEBE AREIEADN BEstEmbPbOaddackd by SHi@ag #R-uk6 of hisbiRtd at e
four exenplary devices that may inplenent the invention. 25 Figure 13

i | | ust r ademe spiieg blemedtsandion discietpyscisprus higes nEheomaehiniag a6 passors lohga he

i nventi on, = QU 4 1L Lyustr . handhel d conputer 92 that may incl ude
one g? nﬁr%oélng{slgglgﬁjf%%fca{lﬁggqe%&glﬁ?‘?on as part of keys 93A-93H Figure 15

il lustrates aTigapt 0pilosatit Bowdhe ddsipatirdddyms imelducal Bnde diveiéremagpect s of
the invention as part of |aptop keyboard 97. Figure 16 illustrates a

cel | ul ar T¢akiFe BRRRoaeneRss iheRll phope dedan, dy Brlementing Be ghgupen elpmepgfecell
i ti : . | e,
e 1ebpBupi, B R85 holieck i AT, AU RAAE M ok, ViEIERESRE hfar STP! ©

layout of the keys can be improved both functionally and/or aesthetically. For example, 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 02/091416 PCT/ US02/ 09356 elenents. In this manner,

swi tch arweyws/o9131¢ he respective devices nmay allow for keyProAalseyosssenti 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 is provided to t bottom side of done spring elenments. 5

Nor eover SISERES 4T be ﬁ%ﬂﬂgg@ﬂaﬁiﬁaﬁ@nﬁ @gé;%le{ fovibe thbss of ARPthsTlomesPane 16 may
i ncl ude f i~gn i SR i i : gn@fgﬁ wWith a
botton1Ig%ggﬁﬁgﬁgﬁét%?’gﬁgggggctuaﬁgﬁhgg%ggh?%lﬁﬁEQQFégﬁgggnlpe pgﬁdicular
to the nelementslnas hemn defsciibeal. Srwitoh aphydiomdemepingngrieheaspatts of thadntentiah | ow a
predeterninediggguqiloﬁ travel for the switches in,the ﬁyﬁtcp arrays. In
addi t i on"& HEOS ' B1HIY RAETEB ABRIEY hEPe8 Spesiof Pashatchayayin 10
places puRbich hsSdnhtdH OB Bivitestrdy8 Shis bas1aR1ified ¥Bdeb Prddubiglg nidniRGtuybl OUS
aspects of the invention, the respective devices in Figures 13-16 can
real i ze tud preducticadsstar ds or  keypads, and the keyboards or keypads nay
have fewer el ﬁ%@&h%eéésg\‘ji?is%&ﬁgﬁ{goh?%%aﬂ&&wé’agﬁgﬁmn% ﬁlag%%'xﬁa{cfé%tﬂ%h{’d““ ' on
costs may be reduce avol ding the use o I'SCrete dome spring el enents
and/ or didsmrtigefremiths spifit md@ese oflthe inveativmi Fug epimple] S dfiventiomgeuld b
nounting, el ements . can al so _be avoided. Figure 16 illustrates how the design
f r eedons IMAEmERIGE dyoyr Fwikch HiAvRuehasayjtchasays or ap MstyPeRERrs! oinncel |
phongy degi g et 6 RBLdrREhiclRCodwWi SR MRS ﬁ'a?) BcRs, GFdtbr-pBHONK i LJ0 does
not need nolding to hold the keys in place. Mreover, the shape and | ayout
of the keytsnarsiblebdevicepraynadidabinstrimends.i mreadditionatict/top amkbdtivet layaisicpuldFor
exanpl e, _as 20 sho iLn.Figyre 16,  adjacent may, ngt _need.to _.be

cepar at el ByEREH AV ietifckinelp e oSt RS Bo EY Betetiss AspoRREN- 803 16 may
i ncl ude ﬁndﬂel%ﬁt%ﬁ@ﬁs HRAURhRAithentS aréSAthin tHRRYSpAShE Bllotify HlaRds. | 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 croprocessor and can be integrated with or formpart of a PC, Macintosh,
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 Woro2ig16 n a switch array has been described. | mcrhmsozosssy of
donme spring elenents, the chanbers of each done spring 14 WO 02/ 091416
PCT/ US02/ 09356 el ement nmay be connected by at |east one channel to the
chanber Oélofgﬁﬁ her done spring elenent. In addition, a set of alignnent

el enent s e in aswitch array having spring elenents has been
described. Switch arrays inplenenting various aspects of the invention may
avoi d the sticky key phenonenon and may reduce the thickness of the swtch
array. 5 1|\/breas\zfeappaee§@e¢mmm1sutg switch arrays can be sinplified, thereby
reduci ng manuf act uri uctl n_costs. verthe

dor st 9on t haf Sy BB 6k QEielen 20RO M R sl A o6 esh g Bieng 1 rom

t he splrMbm@@gnﬁgekgmgﬁ(kﬁga;@m@mﬂm@mndFor exanpl e, the invention could be
i npl emented in other swtch arrays, such as switch arrays on an instrunent

panel of an 1@ pé'ilrﬁhwaﬁftchamﬁl%ﬁhé?laiercoaneqﬁﬂtemham@msmféhe @ﬁm@mrxgrelgnmsfs in
appl i anc SIC

i nst rurre%?csh M?t[ I@igﬁéﬁ%er%%\éh&ﬁ?%nﬁe ngl bo é?llt lggiéllrl‘g&?:ﬂc])lu lca ﬁflgged by

i nt er| oclchmgber|cfeleast oniklodithet dthsy dmml@pﬁhg(eleﬁieﬁﬂent s. Accordi ngI y, other

i npl enentati ons and enbodi nents are within the scope of the follow ng
claims. 15 WO 02/091416 PCT/US02/09356 CLAIMS 1. An apparatus conprising:

an anpay 20f dgig 4 gaﬂa&g ofLBIRN! %&efntuéméhar 3 By, wher ei n each of
the 5 donme spring elenents defines a chanb urallty of channel s
that interconnect the chanbers of the dore sprl ng el errents such that each
chanmber qf each done ri.n influid connun cation th the
Chanber df ot 1PeBpaians of PR Bhfein GopEebahdons ST BkaReon e Sormpdn

appar at ug sﬁéetQikélﬂi@IﬁberV\é}ﬁh%gi&nﬁ B@m@w theRoalksphing §1eﬁ1eﬁ@)fﬁ9@§1ﬂ)sta§t1al-5hﬁo
apparatus of claim 1, wherern the array of dome spring elenents are forned

in a shdeles|ike member, and regions between the done spring el enents have
subsﬁgntlally no

4, The apparatus of claim 1, wherein the array of dome spring elements are formed in
a sheet-like member, and the channels include grooves on a bottom major surface of the

sheet-like member.

20 5. The apparatus of claim 1, wherein the array of dome spring elements are formed in
a sheet-like member, and the channels are contained within a bottom major surface of the

sheet-like member and a top major surface of the sheet-like member.

6. The array of dome spring elements of claim 1, wherein upon actuation of one of
25  the dome spring elements, air is forced through at least one of the channels to redistribute

air between the chambers of different dome spring elements.

7. A keyboard comprising:
an array of sensor elements that generate signals in response to a force; and
30 an array of dome spring elements corresponding to the sensor elements, wherein

each of the dome spring elements defines a chamber, and wherein each chamber of each

16



hol es. 15 4. The apparatus of claim1l1l, wherein the array of done spring

el enments are fornmed in a sheet-like nenber, and the channel s include
grooves owoazbetsiom maj or surface of the sheet-I|ike nenbecT/d02/ssdhe
apparatus of claiml, wherein the array of done spring elenents are forned
in a sheet-like nmenber, and the channels are contained within a bottom

maj or surface of the sheef-like nepber an t.op ,maj or surface of the
Shbet -1 B Spis clopenAg e TR g e S Gy R RL & 1585 BRSGHNG  wher ei n

upon act Yget MO bprtel@hentdS the dome spring el ements, air is forced
t hrough at | east ‘one of the channels to redistribute air between the

chanbers of different done spring elenments. 7. A keyboard conprising: an
array of ,sens | enent s that ner.at.e signal.s in_response to force; and
30 an ar Py of SRR of O LaRRGE IS el 30 B ot PRERE e & rr e o,
wher esn 2 QR&H-1iRE nidithed Qi r&@bAI Lt RERIBOHSmE ShriMesemesth BaRST ubstaMehIMhRY ei n
each chanber of each 16 WO 02/091416 PCT/ US02/ 09356 done spring el enent

is in flbPs-comunication with the chamber of at |east one of the other
donme spring elenents. 8. The keyboard of claim7, wherein the array of done
spring elenents are forned in 5 a sheet-like nenber, and regi ons between

t he done9spri Mge &bgoard of diaive7 siilesdia titel atalyyof domelsptirg elefenfbhee foeybdar d of

claim7, erein the arragy of done,spring elenents are forned in, _a

sheet - I | agﬂ%-ﬁ%%men%m& LS FhgARes ncfide 8 o3 PR B PELOBANE OhBHHEHORF or

surf age Qficctife methbepeet -1i ke nenber. 10. The keyboard of claim7, wherein
the array of donme spring elenents are forned in a sheet-like nenber, and
the channels are contained within a bottom nmajor surface of the sheet-like

menber and a [ or.surf.ac f the sheet-like menber. 15 11. The.
ceyboar d 101 o TP KEOR, iR Bl e Sish bt BREE SimstBale ore®Sin ay of
sensor ehgRRdike member, and the channels are contained within a bottom major surface of the

sheet-like member and a top major surface of the sheet-like member.

15
11.  The keyboard of claim 7, further comprising a base plate adjacent the array of

sensor elements.

12.  The keyboard of claim 7, wherein the array of sensor elements comprises an

20 electronic membrane.

13.  The keyboard of claim 7, further comprising a set of alignment elements adjacent

the array of dome spring elements. ‘

25 14.  The keyboard of claim 13, wherein the set of alignment elements are scissors

hinges.
15.  The keyboard of claim 13, wherein the set of alignment elements includes a top

layer engaged with a bottom layer.
30
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12. The keyboard of claim7, wherein the array of sensor elenents conprises
an 20 electronic nenbrane. 13. The keyboard of claim 7, further conprising
a set of wbiogomamé el ements adj acent the array of donme spcCrigopdssents. 25
14. The keyboard of claim 13, wherein the set of alignnent elenments are
scissors hinges. 15. The keyboard of claim 13, wherein the set of

al i gnnment _el e ts incluydes .a | ayer engaged with a bott | ayer. 30 17
W0 02/ 001496 g@%ﬁ%@b@@&ﬁ%@%ﬂﬂ%ﬁ%@ﬂiﬁﬁ%%ﬁo& Lt 555 DogkchlErn ¢ he top
and bot t ofich@N®s Bodk-BkdWekerté Mﬁﬁpro‘vﬂﬁ'aﬂ%t@ﬂoé]&%&rﬂn?@rn@ﬁﬁ%ﬁ%eﬁ thb@gp provi de
an interlocking arrangenent between the top and boftom|layers. 5 17. The

keyboar d afd botgmlayers. wherein the hook films conprise a top hook film and
bottom hook film the bottom hook filmincluding holes corresponding to the
donme spring elenents, wherein the done spring elenents exert a bias force

agai ns3 the toghBae¥bdatd ¢ claibl6, WerdkeHeadbE fidhs EdrapriBe Hop WOEH Bl ahdie top
| ayer includes a gl urality of top hook 10 films,. wherein each_donme spring

el enent ekeltens hgok ik, the beitor fask Sim srrduding holes ¢aripspouding tgfthe deype Fprine
films. k A i ! i nel
|1 me 19e1|e}1}1yé?¢sr g%ﬁ & Hﬁle Qb S&llr%é'lglings eL&t Bpll ?orkgg%m@sx e t'ﬁg %Pgshg ﬁgn

substanti a elements a i'C regions ween t
el enrents, wherein each done spring 15 elenent exerts a bias force against

one of the rigi | ements, 20. The keyhoard of claim 19, erein the rigid
ol ement s (Bmpr @@iﬁ@%‘?& ofplaimppld, vz@w&%ﬁﬂa R 1%?@?9&%%8,&?18%%?? BhsPksi ng a
set 0fg keygApSyRALBCEE ddniespRRb eRiment Oxdits AMNABRLcoHBIBINR of fife plliradiPbEM
conprising: a processor coupled to an 1 nput device, the 1 nput device

i ncl udi ngtarhaokrfdypsof sensor el enents that generate signals in response to

a force and an array of donme spring 25 elenents corresponding to the
sensor el enents, each done spring el enent defining a chanber,

19. The keyboard of claim 15, wherein the top layer includes substantially rigid
elements and elastic regions between the rigid elements, wherein each dome spring

15  element exerts a bias force against one of the rigid elements.
20. The keyboard of claim 19, wherein the rigid elements comprise keys.

21. The keyboard of claim 13, further comprising a set of keycaps adjacent the set of

20  alignment elements.

2. A system comprising:
a processor coupled to an input device, the input device including an array of
sensor elements that generate signals in response to a force and an array of dome spring
25  elements corresponding to the sensor elements, each dome spring element defining a
chamber,
wherein a plurality of channels 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.
30
23.  The system of claim 22, wherein the system is a desktop computer and the input

device is a keyboard.
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wherein a plurality of channels interconnect the chanbers of the done
spring elenents such that each chanber of each done spring elenent is in
fluid conwomeogt4ion wth the chanber of at |east one of wPee/usvhieassdone
spring elenents. 30 23. The systemof claim 22, wherein the systemis a
desktop conputer and the input device is a keyboard. 18 WO 02/091416

PCT/ US02/ 09356 24. The system of claim 22, wherein the systemis a | aptop
conputer and the input device is a keyboard on the |aptop conputer. 5 25.
The systep of ¢hakyBieir of ¥R 22, Nwiidiéin $HESIyRI¥N & adaptop @&ﬁ%ﬂeﬁ&ﬁﬁﬁ& ffpugnd the
input device is a key pad on the handheld conputer. 26. The system of

cl ai m 22, deptiesrigiarkeyheard s thenteptop gompeter.ul ar t el ephone and the input device
is a key pad on the cellular tel ephone. 10 27. The system of claim 22,
wherein the systemincludes an instrunent panel and the input device is a
key pagd ops.t heThasjstamentiapane| whez8n tHd& seysis@aalihetd sofip s andtae &iput t he
systemis an appliance and the input device is 15 a key pad on the

appl i ancedevies is preyppd vafhohandheld gpmputepher ein the array of dome spring

el enents are formed in a sheet-1like nmenber, and regi ons between the done
spring el enents have substantially no holes. 20 30. The systemof claim
22, wher e2é t h€hasysaym of cldmme?2 splidreig tisd sysent s aacHulhotelaptonmaral the heet - | | ke
menber, and.the ﬁhanngls ﬂ#ﬁ%ﬁ eggr oves on a bottom maj or surface of the
sheet - | i k€e\igsrs@rceypgd o ik u °8f- cl ai m 22, wherein the array of done
springelenents are forned in a sheet-like nenber, and the channels are
contained within a bottom major surface of the sheet-like nenber and a top
maj or sur®ace ®he systersloéelairh LRevimseibdle sy3zm Mgludsyan mstrehen|panghapd thepher ei n
the input. device further include§ a s?%m%ﬁ 30 alignnent el ements adjacent

the array™BF" 4Eiee 18 8N §ad P s {pgrumen

28.  The system of claim 22, wherein the system is an appliance and the input device is

15 akeypad on the appliance.

29.  The system of claim 22, wherein the array of dome spring elements are formed in a

sheet-like member, and regions between the dome spring elements have substantially no

holes.

20
30.  The system of claim 22, wherein the array of dome spring elements are formed in a
sheet-like member, and the channels include grooves on a bottom major surface of the
sheet-like member.

25 31.  The system of claim 22, wherein the array of dome spring elements are formed in a

sheet-like member, and the channels are contained within a bottom major surface of the

sheet-like member and a top major surface of the sheet-like member.

32.  The system of claim 22, wherein the input device further includes a set of

30 alignment elements adjacent the array of dome spring elements.
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19 WO 02/091416 PCT/ US02/ 09356 33. The system of claim 32, wherein the set
of alignnent elenents includes a top |ayer engaged with a bottom | ayer.
34. The swetoeywie cl ai m 33, wherein the top and bottom | aperaisar/es3nook
films 5 including hook-1ike elenents that provide an interlocking
arrangenment between the top and bottomlayers. 35. The system of claim 34,
wherein t ho filnms conpprise top, hook .fi.l mand botto ook film the
ot t om hodk 11 IF S HEPRAT A GERGRcE B RTAS F RGP Elemenis R agh g 1oy

el ements, ¢ é@kﬁﬂ{{@bﬁyﬁp@?&pring el ements exert a bias force against the

top hook fiTm 36. The system of claim 34, wherein the top | ayer includes a
plurality of top hook filnms, wherein each done spring elenent exerts a

bi as forceg,agaifst_an f,the,plurali of Qp hqok fil ms, 37. The
oystem of & a E}'ﬁﬁ§¥S‘*Sﬁ@?g%aﬁfn?%a9w{*%§lnﬁ%t P Reradiitn e Bhok éﬁ?@ rigid

el enen§ s irhddligd BEIK-Hkd €emens thepeRi dnligtefibglifl Shralpembat boemahatgach dome
spring elenent exerts a bias force against one of the rigid elenents. 20

38. The s{@d boffem lasiess- m 37, wherein the rigid el ements conprise keys. 39.
The system of claim 37, further conprising a set of key caps adjacent the
rigid elenments. 25 40. An apparatus conprising: an array of donme spring
el ements BHr ufkeispstamifictairh 34y whyreinwheh@knfileascongiist heop looieilgpandng

el enents defines ha r; and ns for. ipterconnectjng the chanbers of
the dome ggwﬁgweﬁ Sine lie ORI i AELFOTETD ekt

el emeny i glehfnfs %&W@hﬁ%ﬁﬁﬁ’%elﬂn@ﬂts k&t 6 BBRTS e QhaintheAtbp hBaS kI ANEe Of
the ot her donme spring el enents. 20

36.  The system of claim 34, wherein the top layer includes a plurality of top hook

films, wherein each dome spring element exerts a bias force against one of the plurality of

top hook films.

15
37.  The system of claim 33, wherein the top layer includes substantially rigid elements
and elastic regions between the rigid elements, wherein each dome spring element exerts a
bias force against one of the rigid elements.

20 38.  The system of claim 37, wherein the rigid elements comprise keys.

39. The system of claim 37, further comprising a set of key caps adjacent the rigid

elements.

25 40.  An apparatus comprising:
an array of dome spring elements for use in a switch array, wherein each of the
dome spring elements defines a chamber; and
means for interconnecting the chambers of the dome spring elements such that
each chamber of each dome spring element is in fluid communication with the chamber of

30  at least one of the other dome spring elements.

20



