WD 2007/ 081883PCT/ US2007/ 000411 THREE- DI MENSI ONAL
FORCE | NPUT CONTROL DEVI CE AND FABRI CATI ON BACKGROUND
[0001] Field of the Invention [00021The present

WBER ok rel ates generally to sem conductor L6
Nlcrok%?g%tra Mechani cal Systens (MEMS), seﬁgg¥§£§230“1
nore specifically to three di nensional (3D)
three-axis force sensors integrated with signal
processing electronic circuits on one substrate. In
particular, it relates to three-axis finger force
sensors, finger-nouse and mcro-joysticks for
consuner and ot her applications. [00031Background
%900413D force sensors based on m cro-nachi ned .

IHREE DINENSION AL EGRGCEANRUTCEONTREE: BEWICE AND

flexible diaphragmare_known Prior art shown in
Fig.1l, uses a sensor c RECAIION rigid frane 12
and rigid central part 16 of a die, boss, connected
with the frame. by a thinner diaphragm 14. An ,
externally applied force is transferred to the rigid
island 16, the deflection of the island creates '
deformation and stress in the el astic diaphragm
el ement. 14, reaching the |ocations of -the stress

"~ sensitive | C conponents 18, 20, 22. Because the rigid
island 16 is | ocated WgARGRISUNIDCkness di nensi on
of a die 10 and the width of a circular diaphragmis
small and in the sub-mllinmeter range, it is very
hard to apply external forces in lateral X and Y

: fLrectqus to the rigid island 16 to provi de good

[0001 ks pondield ghtre 8ot hei r use is constrained from
many consumner devices and interfaces. _
[0602] The present invention relates generally to semiconductor devices, Micro Electro

Mechanical Systems (MEMS), sensors and more specifically to three dimensional (3D)
three-axis force sensors integrated with signal processing clectronic circuits on one
substrate. In particular, it relates to three-axis ﬁngerr force sensors, finger-mouse and

micro-joysticks for consumer and other appliceitions.

[0003] = Background .

[0004] ~ 3D force sensors based on micro-machined silicon chips with stress sensitive

components on flexible diaphragm are known. Prior art shown in Fig.1, uses a sensor
chip 10 from a rigid frame 12 and rigid central part 16 of a die, boss, connected with the
frame by a thinner diaphragm 14. An externally applied force is transferred to the rigid
island 16, the deflection of the island creates deformation and stress in the elastic
-diaphragm element 14, reaching the locations of the stress sensitive IC components 18,
20, 22. Because the rigid island 16 is located within the thickness dimension of a die 10
énd the width of a circular diaphragm is small and in the sub-millimeter range, it is very
hard to apply external forées in lateral X and Y directions to the rigid island 16 to provide
good responée, and hence their use is constrained from many consumer devices and

interfaces.



WD 20071081883PCT/ US2007/ 000411 [0005]In order to
resolve this deficiency a rigid force-transferring
element 31 is added to the structure of the die 10
nd 16. This- rigid force-transferring n
v%i%pg&pzpn1y coupled to the rigid island 16 gﬁkigﬁv%mwu1
sensor die 10 through internedi ate | ayer 33. This
- extension of the rigid island height above the die
frame thickness enhances sensor sensitivity to the
applied vector force in all orthogonal directions.
These conponents of force are transferred to a rigid
i sland of the sensor die and then to the elastic
[Ooos]h enentin 8Rkr ®EBSOIVd thes deBcioRROREN fsce-IrRQRSTipWeIert 31 is added to

e dlsadva ges of the kj nds lutions are the
r Bt FFeRER 0 &5 ?Q 2Bt anﬂalrﬁer Th@rﬂ&iqi dorep-grapsferring ‘eloment 31 is

f (Hrﬁﬁy Eohelf @ the "ﬂ%m? k&St &a%‘s&r' foab through intermediate layer 33.
m cr O- nachlnln n|n% and bondi ng two fers, a

mokhés exdensiancef thel rigibisksd heightaboxe thei frmn@éhtpktm; tihances sensor
“@a&&tlﬁﬂﬂfgﬁ%%@# %e@tof‘?orr@e "‘ﬁg)ﬂe&ﬁ{ é&aj ﬁﬂ&t{%ﬁ ﬂ{ése - componénts of

process I'S nee are devi ces

c dotee afe fabferredto anigandanbofithe sdnsoraliaandibeh toathe eIastlc element and -

provi.di ng-an _easy integration wth the higher density '
ée‘éﬁ“i"c"[}u {PPPERES| i con substrate. [0008] SUVMARY

{0006] However, the disadvantages of these kinds of solutions are the requirement of

addiﬁdnal wafer for the rigid force-transferring elements, additional micro-machining,

-aligning and bonding two wafers, a more ‘complicated process of separating dice from the _

- wafer and generally a more expensive fabrication process.

[0007] ‘What is needed are devices that reduce cost of fabrication and manufacture as
well as providing an easy iritegration with the higher -density IC circuifry on silicon
substrate, |

[000S]



In one enbodi nent of the present invention, there is

provi ded a three-di nensional force input contro

device for sensing vector forces and converting them

into electronic signals for processing in a

el ectronic signal processing systemwth al

conponents within a sensor die fabricated fromthe

singl e sem'conductor substrate. The typical device’

conprises a sensor die formed wi thin sem conduct or

substrate, an elastic element within said

sem conduct or substrate, a franme forned around said

elastic elenment and coupled with at | east part of the

peri phery of said elastic elenent all within the

substrate, at |east three mechanical stress sensitive

| C conponents located in the elastic elenment for

provi ding el ectrical outpbWM3{4R¥l s proportional to

the nechanical stress in the location of the IC

conponeht@wembmﬁmagmf6meﬁﬁ$@hmaﬁghﬂwﬁﬁepmmﬂﬂ a fhegerdgpensional force
11|1‘pé1 ctzonH-?lh&eLmt for %%%mgfg‘%%f ir?nfcgsn Lrpecrog\?eétﬁljxggg%m Sato Flectromc 51gnals for

veq;t@msfn(gmee eleﬂtrtbxhce sighah ptdcessial eysemt with dlltchtnp(mgh‘ts twlithin a sensor die

{ ﬁlféb?n?lga{l Ql%likre\l\hl ?%ﬁg‘l‘%\ﬂ%‘g’f%é El:}beS%?t,t%IgTilF pﬁCgL&)eﬁegiorgprlseé a sensor die

t higghRES®ith deh@ohdRtR fbkE, LA slmlesae:ﬁémt hﬁhlﬁl sa.ﬁlt s@niconductor

el ement, at |east one

éﬁgrln%ﬁﬁ- nt coupllqg

f orsetétrfeteamw formed- ato R e&ﬁleléx%ﬂé rapled ite é‘f YAy part of the
ﬁ;f%% melcﬁkﬁ&rcraaﬁ&t Gt "Gt} et QbR RC §S Rhd Ahr@b! brRifanical stress

S|5 s fromthe mechanical stress sensitive IC

c ormtmlefﬂ 6 components lotpted @l berelastis dement/tar yrqvwrtgeﬁéﬁcgwal output Slgnals

and na I E %g fier

and™® Vlgnn %tléesmecﬁ%\gcg 5 \1/11re tﬁa 0!:&%18 c%‘ i CF Lagls ?rg#)on%f?tlp ggl%a%to one rigid island

ar elettiesic fonaet racthe rsdbsmgtet zmdeumbpield natht the @fastichelepergs it rigid island

i nvent.i on, od. co

of UBPT 8 R S BB o PO F oS SR BTG v S ionents which

o N@roid elctBidatiSutuaignal, 8y dgdiblamithaSd KasSbig@Rn Siak the ehidkhess of the frame
component s and _si gnal  processing I C on side one of

t h@uashdickagss of fgp P ISP | BB PR%e RIS seIgRenscqupling the force-
t Wa@feﬁlﬁﬁ eISMBR Withean dxBenal TRAChRS 16@%tHnB A1eB@MRAGFduR For processing
defining el astic elements, frame el ements, and rigid
i sloamdfsﬁlgﬂtals éooHbamechenign] strese pRapIEYY I6reomaengnis.e nov | ng
addi ti oggl, 0 (oM Yich Y0reRze tdere a
substré?@ %ﬁgﬁikéﬁagagpggia%#eaegng theedlngngfon ognaqmasan
t halvantggesl | sl and protruding outward from side two and
| arger than the remaining thickness dinension of the

[0609% e nBéviral m%odsmen@fe dikchséd ax:oerlimgmmbmbddfemem'tsncg the present

the r d sland out war e substra
F oroEipt MG HRCHT PEROCERATPo f R P 4hEPER PR g comcior sbstat

el are & fe SR andes 8idyitRg, %f@ﬁﬁgalsmegelﬁam&m cf)mp@eﬁts and signal
in any and all directions. Renoval of part

of
suBECEsng I€ransids gre ehbe rpbFacefaTstre elayd 6@’“%!“6%1 gn sife two of the

s els@tdity eneiténbed Sorming boundﬁle%%ﬁﬁlg% A8ktib Qleﬁi@nts frame elements and rigid
enbOdlnent vari ation fabrica Ing cl Ose trenches

on iskindie trengbesdpr diheeparating; andremeying dgitionad F@S‘éﬁt@@aterlal from side two of
f d
u'iﬂehsgﬁsu%%qp Ecl# Sﬁfﬁne ﬁ&gﬁh&h{&e R én%ft %og sp:lgd :pf%%‘aﬁmg outward

on Si str ot o |ca
defﬁmmgda typatbd nargen fthanhibe n*elgandng ﬂvllcémw deileansmm of the ﬁrame minus the

! IR 5 ARG 1 ) Sk LS TR s o

di eeuptingwihes and etching substrate fromside two of
the substrate in the elastic elenment and separating
dice trenches areas to a sel ected thickness such that
the cl osed separating trenches provi de the shape and
t hi ckness contours in the substrate for separating
the die in accordance with the defined pattern using
| ess substrate and producing | ess waste. 100101l n one
aspect of the present invention, there is provided a



and transfers an external vector force to the elastic
el ement and though to the | C conponents, which

provi de el ectrical output signal, wherein the height
of the rigid island is bigger than the difference
bet ween the thicknesses of the frame and the elastic
el emrent. [0010b] I n anot her aspect of the present

i nvention, there is provided an input control device
for inputting a signal representative of an applied
force into a processing systemconprising: a sensor
die conprising: a substrate; at |east one rigid

i sl and elenent formed in the substrate; an elastic

el eRmal & EIHETRG clomews gt for gselying Faerpa! gheghanicpbiqepes in any and all
el efRBfonWV RddRatSH [gu‘ts(ﬁbtﬁé k@ate Frofl AR UEIRUAGHEN can be done by
said elastic element and at | east one | C conponent

f orseieetiverstiohitg. substrate and | ocated on the el astic

el ement %’-@Egco d @Bﬁﬁ' %’ﬁocﬁlﬁeﬁ %tl%ﬁ f(ﬂ@z{%lrll:a?ﬂ Elgse'ﬂ tI].r%nchi.-‘;s on side two of
-elastic e one force- trans?errlng
el ehentbstotuplten atde arhe furtheyi @Hlpsiseald@bOanmtepwetﬂmkmg 1aYeF on side
S u%%r &30 V\Ga% hntoﬁtfnf 2 ca]%P (Ratf a%te gﬂ%e rlgfdhlsland elastic element,

force- ?rans err Perre
ri gratheiasd aapakamrgﬂmel‘méia;g retmcarngfrmsh@layen fibinelasticaddnient and separating

el e nd detected. b e at, | east .on . .
corBonEATE b HOTHE T Bim s L8 Shir® Rt bite st clament and
pl‘ Cbélmf;ﬁﬁg dice teRSpoNnsR tb @ stlbaed tﬁfcﬁ&smﬂi thettthe aloSdd GBgrating trenches
repres ative of the force applied d at | east one
el €Y %S}EE‘P? g thic asp‘FOé‘H’“fsd%We*“'%f'Fath Sepagtias fhe die in accordance
C OraANEOdafinvh @ittty Rss sub@fite MABro@h@el IEQRMaGie Ci I CUI t
receives the signal representative of the force
applied and in response produces an output signa
[00ﬂ3f‘| oporti AN@k abgRcttofehel P86 invi@iBA. Afdd 8 pRwvidel 4 h%-dﬁl%ﬂﬁ&fal force input
of the present invention, there is provided an Iaf
c 0P| degiss fop wnsingrvoptaipreesiapgcovasing tiem inte praropinsigals e processing on
of a%ﬁg@QHJMQGMEQQg I LR A PLRPRSR! 4 ¥reS Yk RFhg rigid 1sland, wherein the
conprising: a sensor die conprising: a substrate; at
| eawsoralie iSrieggitie it b aragniaiie awha dirsrioved anrextemel force applied to the force
su [
| ekaﬁéx%sfe%g mlgﬂ ag.h %t’[fn'n ‘ﬁlg% o di n%lﬁvl{\]ll{ht&%lﬂ ﬂ% Ssg'lgo fgrth@lt comgnses an elastic
a ﬁbmﬁéc@mkﬁ@uhdﬁngU@m&ﬁm@H&ﬁmhmk¢%hmwmmqﬁﬂdaamﬁmmﬂﬂfﬂwehﬁm
l e fo t
| o QB R TRADGTH S IR b BT e ctment, and
- f osigel atppﬂsm@:lCtCOu;ﬂdzhelceh*aﬂylt@the Ismm; Whmm bledstentREthe sensor die are
for&g%ﬁ nsfer ege b upled to the rigid
qﬁﬁ? eﬁe LEheS %g?P whérein a force
appl i ed to the force- transferrlng el enent is
transferred to the gid island d t he
(008956 net or é@ﬁ%@%@%‘?ﬁ% e e %@5 éﬂ‘f"’&ﬂ‘"’b“;‘?mﬂﬂ foree input

t heondbl debRS Tor beSing Cect TR et GnveRihg et iab eﬁacﬁshlc@fgmumr processing
at Ieast two | C conponents produces, .in response t

t h&P f §PEle SIS ERnPrisng dsHROE iy domteg mdihin e ppeds eRpliFeor substrate;
of af RBRstcOl16Ber RRINEE hid Akic@ldudiBRHstRIRE aBtkBfet foRMHdCaround said elastic
circuit coupled to the at least two I C conponents to

r eelemes apgh soupiedrisithsaty lgast parbpt e ipgphey of [ed pleptiseelement all within the
apRlpkiRe; 2 A8 MBEH&NIRG! ess!sGRBile @lrb%mﬁ(gn@ﬁtg foﬂﬁgdgvnhm the semiconductor
circuit produce an output signal proportional at

| esibstrataind doaied irethe slagic denfeal foepveding pleqtricplr @@h frmalS\péoportlonal to
Of mg&gmga@ E’iﬁ? s it E]%H(ch n OQﬂiteIi'@ c V%Jn%ﬁsc‘ b R one rigid island element formed in
force-transterring el enen
2O@Wﬁﬁﬁmﬁasﬁﬁmmwﬁﬁﬂﬂﬁhdaﬁwm@HBRmEﬁdBES@Rmem@N“@Eﬂwehﬂmekmmﬁ
DRAW NGS [0011] Fig.1, shows a prior art 3D force

sensor chip with rigid force transferring island

| ocated within the thickness .di mension of a die and

addi tional force transferring; el ement connected to

the top portion of the rigid island.




[0012] Fig. 2 shows an isonetric top and bottom vi ews

of a force sensor die and its major

m cro-constructive el enents according to an

enbodi ment of the present invention. [0013]Fig. 3
“shows the principle of a 3-dinensional input finger

control of different functions in‘hand-he“gwdeV|ces

when rplpopcsteshesior fire tp deifetienedt wd Hgaeh to the IC components,
eXtvﬁﬁdﬂe}Jlm\E&bt Jlfb&lcfapéut@fﬂlﬁ INGhdrdie tht @E@ﬁ of h{eﬁigwh hslandhls bigger than the
spring like e a co t.0o achi eve the
r edifferage Rebyst %g’fh iﬂ’F’S Oé‘\gé%@?’{ a{}‘ﬁ‘?ela‘gp‘éﬂﬁlﬂ g
accuracy of applied force or deflection accordlng to _
an enbodi nent of the gresent i nventi on. JF

[004WIns  an Meseaih a8Pest ofdng pratent iBYgI o fiietees leP‘h‘ %4 "f‘%‘f‘q’é gpntrol device for
CONidutng Qﬁwﬁﬁllgéﬁﬁﬁkfe% afApRBAIaHBS h alprick Bhedidiee I;d-n)f;msmg 4 sensor

connect ed force sensor die in accordance with

an disntooufisitsh e sUBtin At Jsps centisid iR elenrnt fprowd 39 e gubsgate; an clastic
' l I ﬁtagu?x%ur@m%l Al fd RGETont A 1sfé9@tefe91lentd@iﬂhﬁ %ax‘d" duBstrate; a frame

astonmeri c "button dlrect connected to the
r i g;umpmcbng@dteiaamseﬁemem g aéle@tmmlc WO@W@ iR fe gubstrate and located

t ach the %ag’h%%i; ﬁ)teﬁt%ﬂd (%u é ﬁ)aa! foﬁcgg tfl@élas%@ @f%in@lgc gth&st one force-

ep resse tfon in a cor ance Wt
e rmxanhfmg eiemfentt doeplpf testerteid iseifoinsd in (pObSTaR ghef@n a force applied to’

ﬁ}%e f8rce g%\);f ggulg gleﬁ)}&g% A‘ané@s oIt %oktPé ﬁ@? 1s{ahcp§ﬁrthe('e%$' errgd to the elastic

ased on a e ric protrusio
S p relefgninng detebedddryrmadodt deast] cambh tongionag tshop tiead ﬂplaeté&wonhlc component

¥ gr%Eoréllu Iég]f 1%?[{0{%% t{) ﬁ% (irf er rbr&dzil el & e r}t?seltgzrlt%fg%Eﬁlr %(;rcnegapphe% and at least
| Ntogt Bedionit QirGitksiplaltte Uik 28 lchd oRCICOfomhpOIRat, Whirh th@nt least one electronic

enbodi_ment of the present. in 017)
S ORI e S BPESai | tget bR P OAT B produces an output
Uy REndl bRP&TiodaPH @R force.

[0010c] In a further aspect of the present invention, there is provided an mput control device
for inputting a signal representative of an applied force into a processing system comprising: a
sensor die comprising: a substrate; at least one rigid island element formed in the substrate; an
elastic element surrounding said at least oﬁe rigid island element within said substrate; a frame
surrounding said elastic element; and at least two IC components formed in the substrate and
located on the elastic element and responsive to a force applied to the elastic element; at least one
force-transferring element coupled to the -rigid island formed in the substrate, wherein a force
applied to the force-transferring element is transferred to the rigid island and thereby trénsferred to
the elastic element and detected by the at least two IC components, such that each of the at least
two [C components produces, in response to the force applied, a respective signal representative of
the force applied; and at least one electronic circuit coupled to the at least two IC components to
receive the signals representative of the force applied, and where the at least one electronic circuit
produce an output signal proportional té at least two components of a force vector representative of

the force applied to the at least one force-transferring element.

4a



control device, where sensor die is nounted directly
to the PCB in accordance wth an enbodi nent of the
present -invention. WO 2007/ 081883PCT/ US2007/ 000411
" 0018] Fig. 8 shows an exanple of a flexing flat head
"*’?ﬁ'ﬂ’g 8118%1 ce control device conprised of a ?)gWﬁ’r@mm‘m
elastic plastic button directly coupled to a rigid
force-transferring elenment of a force sensor die and
enbedded in a | ayer of plastic, which serves as an
integrated button die in accordance wth an
enbodi nent of the present invention. [0019]Fig. 9
shows anot her exanple of a flexing flat head finger
force control device conprised of a rocking elastic
plastic button directly coupled to a rigid
force-transferring el enent of a force sensor die and
conpri si ng a BREEFIRESERIRTION OFcBRRVKINGSt he -
surface of ‘the button for a tactile sensation
~ mechani cal -feedback responsive to button depression
in accordance with an enbodi nent of the present

001invent img1, R3] Fiod-artdD FHOVGndR & L of cfingere .
[ fErce g%%trol deJ?ce based on & aé?gﬁgﬁ#sggggigggﬁmﬁ“nng“*“ﬁ

dipeated within thrctbickuess dlimension; ofiati¢ andosiditicmnlfoesertrangferring element
' sé°mma39m%q§%%‘%ﬁtgﬂg’§§ aGLLONs Wi th different _

buttons depen I'ous design die in

cord ' enbodi nent. of the present . . . .
o0 et T 2 b oG Rl Rl Bt oB: sepsprdi and s majr
f imiger cohstruwve elinents act@vdisgtovintehbadinatibt the Pabent invention.
force-transferring el enent and a springy shell for

[0013ensi ngid BeshomisClie PrindipResl £35BReRitnkP thpuf FAEEOLMABBESE different
_ wi_t h an enbodi nent of the present invention.
functions in hand-held devices, where 3D force sensor die is connected to the external
button for applying the force through a spring like element allowing control to achieve
the required combination of s'ensiti\}ity, range and accuracy of applied force or deflection

according to an embodiment of the present invention,

[0014] Fig. 4 shows an example of a flat low profile finger force control device based on
-elastomeric button directly connected to the force sensor die in accordance with an

embodiment of the present invention.

[0015] Fig. 5 illustrates a flat finger force control device with an elastomeric button
directly connected to the rigid force-transferring element and comprising a tactile
sensation mechanical feedback: for sensing the click of a depressed button in accordance

with an embodiment of the present invention.

[0016] Fig. 6 shows an example of 2 joystick type finger force control device based on a
elastomeric protrusion body spring back deformable element directly coupled with the
rigid force-transferring element transferring the force vector to the sensor die mounted on

the intermediate substrate die in accordance with an embodiment of the present invention.

[6017] Fig. 7 shows another example of a flattened head joystick type finger force
control device, where sensor die is mounted directly to the PCB in accordance with an

embodiment of the present invention.



[0022] Fig. 12 shows another exanple of a flexing flat
head finger force control device conprised of a
rocking elastic plastic button directly coupled to an
wddbizoead force-transferring el ement havi ng porms2007000411
i ncreased bonding force to the plastic button and
conprising a tactile mechanical feedback on the
surface of the button for a tactile nechanica

f eedback responsive to button depression in
accordance wi th an enbodi nent of the present

i nvention. [0023]Fig. 13 shows an exanple of a
fabrication process based on the |ocal etching of the

[008laphr abitr Bi Finwsape exwplorefi arflontet e lad fingendoron control device

. ??1 S%?,I@%& of F"g%%lm%gﬂ Hﬁg&\,t\g’%;dﬁ‘teg@' uﬁﬁ:ﬁ% a ngld force-transferring

f ableinestt $fom fpro semser dmsmi anbetifia@ Inog dﬂyeebﬁ blas@, oﬁmctﬂmarves as an
g: I *me b [tfr%a eolﬁltalc%olfﬁ gv%tgﬁp O m%rqt ofh[f'uy grlese%t mventton
007/.081 PCT/ US2007/ 0004 he di.aphr at t he
o tihE P b WL BT AR o B et fgee control device
Pr egftised BY £ Fddk@ld eldB0 pRbiid Bittoh AT OB Pl’éd g amgtcﬁfofbfe-tmsfemng

a fabrication process based on the I'ocal etchin

t h e’aprmﬁ adeee senser die epdeprensising a tretije mephasical Gy cloon the surface
ik BRSO 4G gatfoﬁ %Ecﬁ.ﬂ'hm TJ&%]BJCQ ?ﬁ{p&?gﬁ% gytﬁltton depression

etc ing die In accor ance with an e
pr wsaseardingy svithi a@lrembodlment of the present mventlon.

,-a
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[0620] Fig. 10 shows an example of finger force control devme based on elastomenc
package dlrectly connected to the ngld force-transferring island and oompnsmg
- connections with different buttons depending with various design die in accordance with

an embodiment of the present invention.

{00211  Fig. 11 shows an example of a flat finger force control device with an additional
force-transferring element and a springy shell for sensing the click of a depressed button

in accordance with an embodiment of the present invention.

{0022] Fig. 12 shows another example of a flexing flat head finger force control device
comprised of a rocking elastic plastic button directly coupled to an additional fdrce—
transterring element having mcreaséd bdnding force to the plastic button and comprising
a téctiie mechanical feedback on fhe surface of the button for a tactile mechanical
feedback responsive to button depression in accordance with an embodiment of the

present invention.

[0023] Fig. 13 shows an example of a fabrication process based on the local etching of
the dlaphragm first and then thmmng the die frame in accordance with an embodiment of

the present invention.

[0024] Fzg 14 shows an example of a fabrication process based on the local etching of
the diaphragm to a certain depth, and then thinning the die frame and continuing etching



[0016] Fig. 16 shows an exanple of a fabrication
process based on deposition of two |ayers of nasking
materials and two |ithographic processes allow ng
woebhu7ngisss step profile fabricating the di aphpagusanseedil
and thinning the franme in accordance with an
- enbodi nent of the present invention. [0027]Fig. 17
shows an exanpl e of a fabrication process based on
deposition of one |ayer of nasking material- and two
l'i thographic processes allow ng etching a step
profile fabricating the diaphragn1area and thinning

B e B SRR gL R B R b e prosen

a frstiggat i on process based on dep03|t|on of one
| ayer of masking material and two |ithographic

[0015] ocesspg. 2 bWk uh Slasipid\gr ARbBEARDA IpFocRbEHRE on the local etching of
ﬁgratl ng trenches for dicing and thinning the fra

éapbegm firstthen depesiting laer o A d@nbmmatandfthen thinning
t h efabr ctéhﬁhéecﬂéi %&a%rh% %ﬂﬁ'ag ep%gdxhle}n#éfttﬁg{)r%g‘ent invention.

addi tional” steps In rication an alterna
rger for f a ferring ele

o030 i T A8 SovbEbo BT T AR abi Bk bk f Bipgsivion of o
_pI lgérs mfnmhﬁingahlaﬁﬂmatshmdt o hfhogi‘aphldl}ﬁncelsﬂibsadlmliﬁg’ieﬁﬁlng a step
with %: ana%@hetL d| nment of .the jnvention.
[mé%cg? %MN%W%W%@WWW
fa&ﬁb&ﬁh&xﬁ%fﬁfep@ébeﬁﬂxh%nﬁéﬁe | arger surface for : '
force- transferrlng el enent, for providing st ronger

: [ooﬁﬂhes' OF'} H‘@x ﬂ?e ﬁf*g di%l!ﬂ‘fcaﬁclg??{oc&s g«ﬁ)b@hep%@mon of one

e top e an providing a I'ona
ovbwroxfdnqskmg @mtmadl and twalithogrdplric prosesses dlheviametthing a step profile

e”EBSéa%%E i@ fd}ﬁp'?]?aglnrt] Va?é]at Iar?({] tluLm ]H1ie frame die in accordance with an

embodiment of the present invention.

[00Z8] Fig. 18 shows an exampie of a fabrication process based on deposition of one
layer of masking material and two liﬂlographic processes aliowing etching an elastic
 elemént, separating trenches for dicing and thinning the frame at the same time in

accordance with an embodiment of the present invention.

[0029] Fig. 19 illustrates additional steps in fabrication of an altemate larger surface for
force-transferring element, for providing stronger adhesion between the pin and the
plastic material on the top of the die, in accordance with the another embodiment of the
invention. - '

[0030] Fig. 20 illustrates another additional steps in fabrication of an alternate larger
surface for force-transferring element, for providing stronger adhesion between the pin
and the plastic material on the top of the die and providing a&ditional force overload

protection, in accordance with the another embodiment of the invention.

[0031]
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[ 0032] Speci fic enbodi nents of the invention will now

be described in detail with reference to the _

accoqpanying figures. [0033]In the follow ng detailed
- VRIWIMPBon of enbodi nents of the invention, PRFROEHY041

specific details are set forth in order to provide a

nore thorough understandi ng of the invention.

However, it will be apparent to one of ordinary skill

in the art that the invention may be practiced

W t hout these specific¢ details. In other instances,

wel | -known features have not .been described in detai

to avoi d unnecessarily conplicating the description.

[ 0034] OBJECTS AND ADVANTAGES 100351An object of the

present invention is to provide a 3-dinensional force

I nput control deviDBTAN BI) GJEVCRIPEIORNSUNEr nar ket s
l'i ke cell phones, portable garners, digital cameras,

[003?&0 pr g\%%gghg‘%@g%éﬁé# %?;ﬂ%ﬁ? T%Jg%}?cgﬁ (m%l? %ggv " 'ber:] chggribgg 1}1 Sdetail with
refere’nm_: to the accompanying figures. . L ' .

[0033] In the following detailed description of embodiments of the invention, numerous -
specific details are set forth in order to provide a more thorough understanding of the
invention. However, it will be apparent to -one of ordinary skill in the art that tﬁe
invention may be practiced without these specific details. In other instances, well-known

- features have not been described in detail to avoid unnecessarily complicating the

description.
[0034]  OBJECTS AND ADVANTAGES
{0035] An object of the present invention is to Vpro-vide a 3-dimensional force input

control device for high volume consumer markets like cell phones, portable gamers, .

digital cameras, etc.

[0036] Another object of the present invention is to provide a method of fabrication of a
3-dimensional force input control device used for integrating in various functions in

electronic devices.

[0037] Another object of the present invention is to provide a low cost 3-dimensional

force input control device.

[6038] Another object of the present invention is to provide a finger tip size 3-

dimensional force input control device.

[0039] Another object of the present invention is to provide a high reliability 3-

dimensional force input control device.

[0040] Another object of the present invention is to provide a high stability 3-

dimensional force input control device.



3-di mensi onal force input control device used for
integrating in various functions in electronic
devi ces. [0037] Anot her object of the present

$6$&ﬂhkggsls to provide a | ow cost 3- d'”E”S'QE?ﬁmm?wwmn1

orce 1 nput control device. [0038] Anot her object
the present invention is to provide a finger tip size
3- dinmensional force input control device.

[ 0039] Anot her object of the present invention is to
provide a high reliability 3- dinmensional force input
control device. [0040] Anot her object of the present '

invention-is to provide a high stability 3-
{0041 Inensi Snether dess of HisuresephitFaTtion és/foguo vidgyp3-dimensional force input

ZOQJI{BQ@ ]d%gi%g %5&%29&3&%%%} a sufficiently low noise ratio between X, Y,Z

sensitivities.

[0042] Another object of the present invention is to provide a 3 dxmens:onal force input

control devwe, which has low cross-axis sensitivity.

[0043] . Another object of the present invention is to provide a 3-dimensional force input

control device, which allows process integration with other sensors and CMOS.

[6044] - Another object of the present invention is to provide a 3-dimensional force input

control device, which is sqalable.

'[00445] . Another object of the present invention is to proﬁde a 3-dimensional force input

control device with required combination of applied force and deflection.

[0046] Another object of the present invention is to provide a 3-dimensional force input

control device, which enables better economics of manufacturability for high volume

consumer markets.
[0047] PREFERRED EMBODIMENTS
[0048] Figs. 2-13 show various embodiments of 3D force input control devices, ”dice

microstructures and fabrication methods. The detailed description of the microstructures,
devices and methods of fabrication according to the present invention are presented

-below.

[0049] ~ Referring to embodiments in Figs. 2(2)-(b), the isometric and a cross section view
of the -top plavar side of a force sensor die and its major micro-constructive elements are
shown. The isometric bottom side reflection and cross sectional view of the die are
shoWn in Fig.2b. The die 10 has frame 12 surrounding an elastic element 14. In this
embodiment the elastic clement 14 is circular aﬁd acts as a diaphragm. A central rigid
island 16 is coupled to and within the center of the diaphragmn 14. On a circular
diaphragm 14 planar top side there are a number of areas18, 20, 22 where mechanical
stress sensitive IC components are effectively located. The IC components 18, 20, 22 are

located on the periphery of the diaphragm adjacent to a frame 12, and electrically

9



[0041] Anot her object of the present inventionis to
provide a 3-di mensional force input control device,

whi ch accommodates a sufficiently | ow noise ratio
webysesnsss Y, Z sensitivities. [0042] ?not her obpregis20@b000411
‘the present invention is to provide a 3-di nensi onal
force input control device, which has |ow cross-axis
sensitivity. [0043] Anot her object of the present
invention is.to provide a 3-di mensional force input
control device, which allows process integration wth

ot her sensors and CMOS: [0044] Anot her obj ect of the

€ ¥ t . - dimensi.ona
R pr&%}?&%egn{é\r/%ﬁwgpgz}dgzm %ﬁfg %ﬁ Pg %‘Q@gﬁta‘%f:%? condugtors onthe Surface of a
ﬂl]ragamt Abis @b}lﬁguratufn tyfeddsp hegen serisow eaitetblxﬁtp ISire*ssD sensitive IC

nsion orce, i.nput control ,

pgng regi corrbci'aﬂa o Eﬁ ¢ decRted o By ¢ Frc%re%ﬂ}( the- diaphragm, for
deef:dmwmmea{r&azwlmt fsho@Bji€El. B the present

‘invention is to provide a-3-di nensional force input

[0050] The stress sensitive (_:omponentws occupy a relatively small area on the surface of
the die. The majority of the area is used for integration of the signal processing IC. These

IC can be located on the frame arca 11; or on the rigid island area 13 or even on the
elastic element area 14. As the process of stress sensitive components is compatible with

the regulaf CMOS process, then any integrated circuit, which can be fabricated with
CMOS process, can be integrated at the same die. In particular these integrated IC can
provide the functions of analog SIgnal amplification, analog analog-to- dlgltal and dlgltal-
to—analog conversion, multlplexmg, signal processing, gate logic, memory, digital
 interface, power management, encryption, compression and decompression, mixed signal
pfocessing, transmitting and receiving wireless signals, sensing vatious physical domains

other than force and combinations,

[0051) An extemally applied force is transferred to the rigid island 16, the deflection of
the 1sland creates deformation and stress in the elastic diaphragm element 14, reaching
the Iocatlons of the stress sensitive IC components 18, 20, 22, These at least three

- sensitive IC components create a unique combination of the signals relative fo a specific
value and direction of the applied vector force. Calibration and processing sensor signals
by integrated IC allows determination of the values of the force vector components and

- therefore also the value and a direction of the externally applied force.

[0052] In another embodiment, illustrated in the Fig.2, the rigid island 16 located within
the die 10 protrudes out from the frame 12, or has larger dimension of height than the
thickness of the frame ~12 minus the thickness of the diaphragm 14. It allows more
efficiently apply an external force in lateral X and Y directions, provides high sensitivity,
and simplifies the geometrical microstructure of the sensor die. The cost of
marnufacturing of the device is consequently reduced substantially due to the elimination

of need for an additional wafer and correspending processing steps. The described

10



control device, which enables better econom cs of
~manufacturability for high volunme consuner markets.

[ 0047] PREFERRED EMBODI MENTS [ 0048] Fi gs. 243 show
wahd@Msisgbodi ments of 3D force input contropcrus2on7s004nt
devi ces, dice mcrostructures and fabrication

nmet hods. The detail ed description of the

m crostructures, devices and net hods of fabrication
according to the present invention are presented

bel ow. [0049] Referring to enbodi nents in Figs.

2(a)-(b), the isonetric and a cross section view of

th and

oy e R Rloslre Rl (e Eor SRRy Ih B Pestor foree i a
i shrastarthogdrat diswationsd é“hmfdoembnmm ainfdree raps BarGeict @aLtly to a rigid

Vi f-the die.are hovvn | 2b. The di,e 10 has

{ rnd Eﬁlg a?ﬂﬁ%fu% F B S e Sepsifya ] mponents.
[005§E‘bod| e el aﬁ1t| c el emant 14 is circular and
- ts as T g Pragtical applicatiqng pY 3{%; |feree) sessors as input force .

C odéptrolled @ev%féﬁi 1 thdt! the dBFecE6R 08 h
On a circul ar diaphr a%m 14 pl anarﬁo{l%lgngflgie the@&ﬂfﬂoﬁducmr type

a Wetepds isgiceligibles Thg psyerol oz@almemsmahanmmm of thee1$§11ed force is

seﬁg@é& Lyel cat ed
1C corrﬁ%ﬁlééntggﬂ% gpfa ébgn& E&ar e l{ess K én ﬂli %B%?rl P ‘Er %‘)Od finger
ofcoph'g @bmp rerpgnofadtjfisctamt 1streqlarefdr anrbt]ﬁs?,raz@a dvould also increase the

WO 2007/ 081883PC T/ US2007/
connec };:%J Jf‘%ﬂyl%?lggﬁ S smﬂtﬁﬁ'ﬁ‘é gRE° P&H %‘Uﬁ? and sens‘t“’“y of
nebeadlevii@nduct ors on the surface of a di aphragm This - 4
configuration yields better sensor stability. Stress
[005$]e nsi t IMﬁsb@t 6P1p &veRfish réSblvidy ﬁﬁs GaR @ilﬁxgtré%&i %rﬁ%élg ggcordmg to a

OE}@tJ; er areas of_ the diaph ra% for exanple
11119!11:.2 14 bep ended iy elgmentAQ is adided foOOBBITh é‘he first end of

Stshr@SSeleRiT i4hiiy @ou%ﬁﬂﬁ? %%&@15%9& Ll'@%iﬁ?sé’n%raglé ¥(§ l\%}la} l frame 12

area on the surface o e 1) or |
airadcordact peds toThe fmcetgir@tdlaﬁ thegspritgn elemenyml is pomeesd forgbutton 42,

I he fr ape
B AR S PTG 58 b B et
elirerests the eang’b4of wetidh er ppsiedsfordef angt a[c&&%cys B fHlel ¥ mechanical

o BRRes s, wioTheE 7B dis abie clemewt €0 dgm irosn e range of the

f aﬁj‘drﬁﬁitﬁﬁl Md&ﬁgﬁh@x&pﬁﬂﬁ&%ﬁcm@@f BE el gl'i@i’cﬁ%;eﬂgr performance
the sane die, In partjcular these integrated |

%W&alflﬁét‘fﬁ%ﬁ%tr?l&%l%ﬂn%ﬁ?ﬁﬁ og signal anplification,
5gnal og anal og-to-digital and digitalto-anal og
[0055} onv er A5 Shpstrated iy Bigck ifergsomsi fimest monscappdicatipns, ghtre is a need for a

| QEIE but TEFBhNve QREER of anl;ugtr B%ﬁ&? inpPitde (oL AR s, These are

encryption, conpression and deconpr essi o
s§ag d d@sm afat tuttan smdrdlmggo amdhafrmﬁjo\ihmt of the invention. A

t%l@is%%héd to-a Sib, g ﬁg tgl::ﬁ BorXaSclt As 3%) r[Fne sensor die 16 is

an"torcé and
- covered with elastic plastic matenal 44 forming a desired shape of a button.

[0036) - The extemnal force is applied to an elastic button, for example by a finger 46.
Normal and sheer force are transferred through the elastic material of a button to the rigid
island 16, elastic element 14 and finally to the stress sensitive IC components, result in

output electrical signals proportional to an applied external force.
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[ 0051] An externally applied force is transferred to
the rigid island 16, the deflection of the island
creates deformation and stress in the elastic
di aphragm el ement 14, reaching the | ocations
p@§@88§%3|tlve I C conponentg 18, 20, 22. TE8£mEﬂﬁmmmu1
Ieast three sensitive | C conponents create a unique
“conbi nation of the signals relative to a specific
. value and direction of the applied vector force.
Cali bration-and processi ng sensor signals by
integrated 1 C allows determ nation of the val ues of

the force vector conponents and therefore also the
00374 ue ahhe szairh zewsondisrnd fhe we%tO@rt)namd slagtiofsy iof@n elastic material of

f ofhﬁglashg Bardd @e’c@rﬁgﬁ@ﬁfe ré‘sggq% ocat L (Js Lbi’tﬂ'ieaget%gor tg a large degree.

1g2, the rigid islan W thin
1 OThsr elastiedeastisunaténiad dt dowers thareensa, dierl 0 hiwscilya figmr the back profiled

di élEé“éthPq ﬂ:é: ﬂﬁ{lg &ﬂ{e %t)tr I&ﬁ tegxlvglér}ﬁg of 451 Jgﬁm island 16

12 'm nus ness 0
moNerned] bind. kl&nt foyce@ph@d B &:xdeefr@ ﬂhnsfe@feﬁ&hrbﬁgﬂ &k Qlagtic mfaterial of a
g$ §ﬁ¥V|j s hi nS|t|V|t and -
n‘MOP qugd Pé%t SEE SEstiiver gomponents.

sensor die. The cost o facturing aof the device
is condBdHRt F’EPI}CQWe% ‘gﬁb‘gt CORRORFIY of pefqree (vpdor are used for a

elnavigagbn 09 RfsoP@BAhS Qredofbl klcb@fiad MBLE 'ivhﬂ@ d'When position of a

correspondi rocessing steps. The descri bed

2 CRY750D 851 SRS #%ﬁﬁ%ﬁ@wmobmm ie rpaticdre dt most cases thls action button is
sepAgied Ytdnt' ife KTPACHS o ﬁ 2, 4n %g g Yigh ¥in%c9r }IXEI%: mouse of IBM

| appFled vector force In o ona
di Yhiek thsAcﬁmeb@tcmowpmr@mm poftatﬁle ﬁeacarmeﬁrablys:feqmm @nechariical

d d . of di
t Iof&gérw: | ¢ el %ﬁkﬁng @H’S{V&cbsen Hﬁ"ﬁf@h Efe sensors of the

[ Gifgal Tﬁfpmbadeﬂéi‘mg& fofce pomedlidetice agbinesaX OsmL cé’dﬁol functions in
forcggiensor%% as i nput force controlled deV|ces
{I0E AR GOTRER 1% CORTH SR PRHEed oy A0 SePh BHton Spinating the need for o

S @Bpare HHEHI0 hctidfPButtd erihal Sediniafd l:l'l&n@t Eeedﬂbﬁ ﬁmcatlon can be
psychol ogi cal response to the-.control

f dRqEPqrated iy e dsicenes Wpsratesing e deassordingio Téﬁépnﬁibl egnbodiment of
ﬂ%§§g§ﬁigplhgﬁ finger. For good finger control, sone
“range ot de?lectlon is required, and this range would

[0058] so i Ate esamr ive1 déc bosiey tofa aubstratt 3¢ witdptie Singiotpsds 34. The

LA IR B LR R ARELLE, LORund BNV L8l e ot

r @andn/i Tig dxitdrﬁall foru ds iaPplield| tasdn’ @b’ Hultofr] fbr 3xample by a ﬁnger 46.
di ment A two ended Spring

a i n o a,third enb

ﬁ‘@’ﬁﬁg’t m%oél?@f foree e GEsteRen dbouehr e glastisrmataiel o 4 button 1o the
S BigidB10H €1 Mastto eletncpP iR 88 A1 'tEé gtrés§| s@ﬂgtlvje(sl@ components,
a sensor die 10, which has a frane cont act

padicharesultrire oyt glécaisdl Benaln ér@pmongl t@l Knmdt Yagprigonents of the
cgﬂggﬁf £tkel 0 @ button 42, where the external force
vector 1Is applled The spring el ement 40 phases the

efl ec S on L.

l""SS’Sor co i 0oh WSEEAEP ek Maclig MABAE bulih e SRBR ypechanica

_afestlteek dﬂewefseﬁs,mg the cﬂapk iofi theepressed hudéh, Pesust N I’l[CIIi@&SQﬁmgy shell

RGBT Pt edavPhas eetel Vi Pared SEPLINE top & buckles slighty,

petfitihgesetuiy o6 sea&ingial ficB bbdshii®S®. the Bhialb! Thi¥ s@ftthy shell can

cost.
be made from different materials including metals and plastics. The buckling action

creates not only a tactile feedback but also penerates short pulses in the mechanical

12



[0055]As illustrated in Fig.4, for some finger nouse
applications, there is a need for a small but
responsi ve deflection of a button and i nput force
control |l ed devices. These are satisfied by s

WO 27B%on according to another enbodi nent %(?,p %207%90411
i nvention. A sensor die 10 is bonded to a substrate
36 with the contact pads 34. The sensor die 10 is
covered with elastic plastic material 44 formng a
desi red shape of a button. [0056] The external force

" is applied to an elastic button, for exanple by a
finger 46. Normal and sheer force are transferred
t hsapsitive térapaicnist whichecar be alsecbs sigimais fasractivationeofcegaid electronic
i s|and 16, el asti¢c element 14 and finally to the
stress'sensitive | C conponents, result in output

00 or 1AL ReARR iR b s Rak S aR,BE ryitiag required range of

[ O@&iéLdieangi seksitdfityaral ©8 SRfe dof taa dlabiieplidtie GRabdal aéddeling to sixth
elasticity of an elastic materi of the pl.astic

butbndmette Mhhicerppadipet fisrersog ‘érIzQ@Pé Iﬂ'l'eS'i’glé §°f6? trangferring island -

Sefs e hdmeed A€ n;i@rg{esﬁte sﬁtaﬁmeé ?@twrgcrpha%%h&ct pads 54. The elastic
material 44 covers the sensor die 10 directly from

t hplastigcacknage fhatesinl 355 crevess thenahgive clermentsrapdi farmhe flexible protrusion.

Ca teAnﬁF(? d’\@ﬁﬁeg&%ﬁ&?g@ sgrgfsazﬁg: l%)d?l%n rﬂ?rgﬂagtﬂé %Jr)xﬁgcq An external

rma orce applil orce
t rﬁ)ns:f@ph@ij vidhfiggegH6 1 thex inittas ﬁﬁd)enm ﬁlb ipadtriafonas Soertdting mechanical

glt %@%%&?&e{ft}%; lfl'gﬂ g&{g?gﬁ éJG Vlce Qﬁ%nﬁrépa%QeMeen the sensor die

apgdi tﬁ@hglﬁlﬁrcé(-mﬁﬁﬁ‘eﬁ‘ing WERANGD Fhiindaoci @6 1Y 8a#sHired 8 the sensor
used for_a_navigation by cursor on the screen of an
el G ppd Aol i, the Stigps $e85itiVR Kn coeenentsn b depgn ebp migro-joystick

S%@%%hkm@ VEEEIOQ\PE(&SPE]J ProthQRnl duedbliaistin ﬁlﬁ&fﬂ?@tand existing

cases this action button Is separated fromthe
curebdevsloprdmnssonanasctusivg teckeolpgies. i nger poi nt nouse
~of IBM Think Pad. Action button especially in

[ﬂﬂﬁpbr t abI/Hlomw embedipreaf eﬁ'fapllagtlcr&iamp fegenjoydtzkivatl flattened head 60 at

dba or chani | ck: t] on.

S5 B 7 GE P P ia Sttt le 7 B 1R0ie AAOLET R fabrcated in
p rv.mpowshafws; gelorsf andoasacing, dependinigi avethe capp]ﬁdaﬁSn XndYreqtiﬁlcments In

pntrol, functions i e 3D sensor, cont.r

shig cmpodimenth Biecwpsar BridD ahmerp At Hg o Pﬁ&éff phan electronic
a@eﬁg_rate control action button. The nechani cal
clicking feedback function can be incorporated in the

- [006gPV1 ce FoRgorh ﬂtéf%ﬁ'@sbt%ﬁ plicAtibtstht Fne 8526 i Bd &"& smf‘l eflections of a

I fth enbodi nent of present invention.
sé?nlﬁml aglcempged wﬂs\olmgedoxs@cla applisetionst but3de \hretght then input control

c t S e [
o RRE caR M pomid® ok HHES arlihoblls, & SUEAER i, the spring
ofeleandnuu)tcumdmg' km‘lumcﬂ emgaloffMTGexlqnsmaipmnsmdxty cammbe made as a low
ut exa b f
© IR Soektil PibverBhf SR e ot i S BRhEmgnt. Here, the
makmot dle 10f with Blbtﬂigiﬂ ﬁl@e-trhﬁfet’rhgg thldngll 1enid rddunted @Sdlb Gubstrate 36,
eI ment .14. and _finally.to the stress sensitjve
Sinstie Blasygpt roveasdll o9V egeeﬂ ang) Beps ?@SF‘blﬁ r@?ﬁ‘élﬁé The top
Pgs?ng?etdf eRAutloR igcRREd WikPIRAA @d%ﬁoﬁflas‘na &8 QvRIgNRla surface where
an external force is applied. The force applied, for example by a finger 46, to the top

hard layer 68 of the button, rocks the button 64 cireating the mechanical stress and
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[0059] I'n the top portion of the elastic plastic

button the tactile sensation nechanical feedback

all ows sensing the click of the pressed button,
Woear#e8188t has a springy shell structure 50 wictthistdveaoos1
cavity 52 beneath. \Wen pressed fromthe top it

buckl es sli-ghtly, retaining continuity but sending a
click sensation to the finger 46. This springy shel

can be made fromdifferent materials including netals
and plastics. The buckling action creates not only a
tactil e feedback but also generates short pulses in

t h Qe IRABA ViR the\eﬁ%ség Qxymﬁng‘%gl‘?g’rp RCh6 %Z/tﬁp% éi]le 10 and the rigid

sensitive COﬁpOﬂ can be as sign
f o foretronsgariiog iskinddér ¢ Biinstesseistirasferreditot the mensp0di6 ead\finally to the

i IH%EE ﬁi@e'l@c #nggr?e?aft he spring el enent 54 providing

reqU|re range o ectlon and senS|t|V|ty can be

000, ARARS, SR Sy RLISKE SRS L ESCO 04O compres

10raxhihgtehsiic plistk bartonerdt diRBif @ubled o hﬂgﬁ]ﬁr&%@ﬁﬁmng island 16 of
ed on the internediate substrate whi ch has

coﬁqla’@ls SEAE B andgemgTisieg plagiile sensatiqn ieskpmicnh feedask 70 on the
- 55508 bBthk MuttBh 88 GlIEWR
pr (S)t rusion. The ext endeg@é&%@%}%@gﬁdgdgﬁﬁ%ﬁ%ﬁ%%@ accordmg to the
s e pRatler smbadigient ofthe presenbpvettioneont act An external -
force applied, via finger 46, to a button 56 bends

[00(i4ﬂe pr oler thei typ &rtion exft thagalmaac hiamionaé$ sha extleagsation mechanical

8 @fﬂ, E %té‘!lq%?g ﬁetglgflggifl li\%doft tﬁ% pFEfSﬁ%Sblllf&)% 1? ?gc%rp%;aergd It has a
f osmingy Blmﬂs‘itﬂt:fdre‘l@) indthahecalfiy 77 birseaitiid UWREh 'ﬁdiﬁgﬁﬁr&ssb@ from the top
transf to (fﬁéensor dle nd finally tot
st Fé%@ € o &Mt ieklesr Areatiaga elifkieg seasation in the force

M gpByid YifiddrCAG, @Hl@ﬂ‘ﬁn%? halY e by %{aﬁe | #Rth AORIrert Materials mcludmg
pr-o uctlon due to its design sinplicity and existing

weltralfednd) plastirsndse oigking éé‘lﬂwr riggfes @ehrolyogitetile feedback but also
[ 0QGLRRG! Rkt %
e st aled & KB Iﬁﬁégt fé % Séegs?ﬁi/fﬁctﬁﬁp@ﬁ)eﬁtg Jvhn@lg%n be used as
omeWéﬁgﬂﬂ@whpsOﬁmbwnnpgmﬁngbmamﬁne pl astic stlck 62
can be-fabricated in various shapes, colors and.

[0068] ast i dViany, aphbipativelis agd designl of perpiblecdevicanregiie various cqntrol buttons

oA ek el W BoeiapaLy i raEia dn 1 embodiment of

detité fRentjoR0s dbtheHabRMiiRuh, Q6 ilRtSed 3Rk KAkdORSsad..
times there is need for srmll defl ections of a button

[0068p CONPRELATthowt fted @881 HQYRtHaE bn @B&Bin%@é bé’cﬂrﬁ e W&u&cﬁ? connected
hei ght of an_input control device can rnin
Fde thessongisl |G sempriging ssidi foragsransfening; lﬂlaﬁd g6s, Iit #leo comprises
S I e eoof
S B R B S R pLANATSE | TR AR oo have
t worrgspondibg and B}atuhmgdn&aingﬁ() %dm@mgthg vsamabhmsi dev1ce package 80.
e | en r, di
f onﬁ’%ge. T?réa?] éiHS BQ fgpein S %ﬁ?ﬁcgg: Ef&ﬁlg% requirements. The
S (bnstb 88 em%e eﬁha— @k@state:cdﬁmﬁemex@én ®eVRESmRl lin BRAMA 94 of the
elenl%@g}s%ta ornms, a flexible neck 66. The top

&Y i ekS’ﬁY"F%n is covered with a hard | ayer of

ﬁoaSt ic 68 serving as a surface where an external

[0067)yr ce i seipp|apalicatiphe the swall spHideetize pbihecrsigifpisland pinamight not

pR8Ade ef"l@n Jté}rrf stﬁ%n% Qﬂhegﬁ’aﬁ%eﬁw%\éﬁ n‘%%ﬁg{d ti'xg ?Ia&#:t rhz?rgnal of the button

rocks t he - utton 64 aeatin ani ca ress
- attached. An increased surface of the ngxd pin can be achieved by fabncatmg an
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WD 20071081883PCT/ US2007/ 000411 deflection within the
plastic in the neck area 66 between the sensor die 10
and the rigid force-transferring island 16 This
stress is transferred to the sensor die and final
WO 240/8318%3% ess sensitive | C conponents. [ 0063JAI/US2007/000411
flexing flat head finger force control device is
shown in Fig.9. It conprises a rocking elastic
plastic button 64 directly coupled to a rigid
force-transferring island 16 of a force sensor die
and conprising a tactile sensation nechanica
feedback 70 on the surface of the button 68 allow ng -

| SQASiiBkLl Fhee-Shnsfisriaf clehend sis édshbwntin Figdd cceirdigette the another

th th mbodi t of t

[ @ggg?lfzﬁnge Fqg‘%e&%e%a {]quﬁio&f t}sﬁgﬁ %sfeﬂ%n%?&%i%rﬁ&g ém%y have a hole
1 aatehd £ %Bﬁ@h'b@ﬁnﬂ%ﬁé&ﬁm rﬁ&JhamézﬂB»CHmaﬁé(:teﬂlo alkd giwiwity either glue, or
sensi ng t

e click of t he ressgﬂ@? tton ¢ be mad
| mobipor sveiober NiStE S foret pisfeing S be made
t ong ?H’fe@ﬁt ﬁés t eﬁ';rr réenté le Fgﬁrbli%ﬁlcnﬂetﬂf g&aRend R dehgnic, etc. It

_ reac after which it buckle
C rmtclam be eormieited au@b@dn&‘@tth@nmm arish faricalionIpasich gor examplg to

oi B Bl e iy SRERRYT Rl ARG oIRE® 1 LCl oo

e clicki acton creates no
[Oﬂﬁgﬂed badi® iogalk (&etﬁ!élﬁé g rﬁ% 9 @% )éaI‘Pl serit étaé la‘f)laﬁfonn for mounting
?f ahelb 80 Sdst sh‘bemciﬁrm@nﬁn tThis mﬂmngﬁ sbelh39 eaw beanaugted on the
s | g nal

o G ne o S RbET pick and pac

I IRuGorGRMEeR! buttons in size, -
h@ﬁn{@‘w é’%‘é’“gﬁ erial while functionality is -

[Oﬂﬁgﬁl nt a| %Jetfqﬁ&eﬁﬂ&é% Ohe & tHaP@ duB¥OAd, i With te additional force-

tacha as I11lustrated in Fig. 10,_can be
umfenhﬁoﬂenhaﬂte, i lwgdcd tco theewafon O §prog SoRsok dipgsangthen with the

t orrer t‘ﬁ-fg P%’E’%gr %1? ﬁ{é} (SIX?%&’ AN glgﬂsﬁgtetv@itﬁ Iﬂ‘?e additiona! force-

ng T gl rce-transferring _
' Sﬂréﬁﬂrrﬂr@ clétherdt $OndxAnst vehe Bﬁﬂlmte&d’:‘ th@@pringy shells and then to the

connecti_ng mnth different buttons 8 u g
aI weafen ajiE ther o B ST §i%8n d e SERPh §* m/;g 8@8& Bag %’3?06 transferring
%1&%&‘& NG §p‘i’in§$ Bkl kftslaihsRtipa Goag theBPafer] A covered with plastlc
ernal desi he button_ 88 dependf(gon S

e

bt +ormer SquirfarBet $1» BB SRoBE Ee BETGAG element for

a Se %Egg 0 integrated in the mat
ﬁ%{ﬁﬁﬁﬁ%y oaggi%kfe %Jgorg?g%‘?gﬁdew ce.

{0070] An additional force-transferring element 35, shown in Fig. 12, can be more

complex in shape according to another embodiment of the present invention. This force-
transferring element also can be made from a variety of materials, including plastic,
metal, semiconductor, ceramic, etc. It also can be connected and bonded to the pin in a

batch fabrication manner at the wafer level.

[0071] In another embodiment, an additional force-transferring element 35 has a cavity
41 for accepting the rigid pin 16, which are bonded with adhesive material 43. There is a
portion 45 which is inserted into tﬁe trench 47 proximate to the rigid pin 16 and serves
several purposes. First, it increases the surface of connection with the pin and

strengthens bonding and reliability of the device. Second, it prevents plastic 64 from
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[0067] I n sone applications, the small surface size of
the rigid island pin m ght not provide a long-term
strong adhesi on between the pin and the plastic
material of the button attached. An increased surfac
VP 24%&8188%i d pin can be achi eved by fabricat?ﬂﬁ%EW@M%w"]
WO 2007/ 081883PCT/ US2007/ 000411 addi ti onal
force-transferring elenent 35, as it showm in Fig. 11
according to the anot her enbodi ment of the present
invention. This force-transferring el enent may have a
hol e where rigid pin can be inserted and nechanically

[ i i or solder, or
gggfggg(;{lﬁg&te ?ﬁe%lg\gﬁ? h&uq%ﬂgﬁ:gtg 5 re-p%:egx%l force-transferring element. Third,

f OF S@visl A RBTHoRE! 2412 BMneGRRNREABHSI0hA AKX I Tah@ 7 eiections.
materials, for exanple fromplastic, netal,

[6072§M CO nﬂié%@ftionﬁlefo‘?d@tﬁnsﬁﬁﬁlg o eﬂ# §€ hEPGvifs ©F %ﬂlﬁé& #8! 51 on the
and. bonded to the pinin a batc abri cati on nmanner,
f. oturfaseapfishie elesnanh forwirongsr beokling with plestia onaterizd 64 of the external force-

waf ers. S 1iye,: {00681 An additi onal '
for cgfeﬁ%{ %egﬁ?nﬁﬁgg“’é’ Jéggn}élﬁ{lerﬁeg"%gw ‘serve, as a

atformf.or. moynt | a springy shell .39, as sho i n |
0078} &' ' Y RuiGiN it ko SRisoE 8 ST sl SIS AN e the lowest
S Wobtaeprestints| the bigbst ahalfenpd. i THgredre BRBEal Bptidi€fin batch fabricating senor
individually with automated pick and place equi prent
or® a batch fabrication manner. [0069] There are

dj fferent designs. One is that a substrate, with the -
[0074Hqi t i dall3p-dpe ellustraimibe Sbripatipnareonding & the enathercatodiment of the

t Neeqnad fﬁ&enﬁ%m{ E’Egc.'eh§ mrm%ﬁﬁsﬁ%gpﬁgﬁwg@i%gﬁg Ssurface one 101

substrate o € springy she
sebd tsusfaes twa HO0RheThddiafer omitially goasethtough she standmyd CMOS process -

- elgment.s bonded first to.the substrate qof the sprij .
Ciraralid RORRERY 0% e’ T SRRl % cobad Rl ks it shown
](c:iiia &ig. b, S?EBQ;_I Stdﬂl@ll‘d Chﬂ)saﬁtﬂjgésis,gil flasking layer %OBI lis deposited on the-

orce-transferrin ement and the, springy shell, _
afsid%rtf"gi iebn rouie s Iifpestphy &rraaf&ﬁwél& ifia fyo of the wafer
Plopgiihg tEFRiRtL Blenfbht r8® 1 8)) RWink Bheth&kinklaydr 21 bR thofhme and the
ext er nal force-transferrlgg el ement for contact wt
ic

arigidisloanthans sheyadn Fig 13g ﬁgeﬁeen docal ololriog Af silicon wafer is applied
Ia: IcﬁgthI ijl}g @Q\gkgﬁdggcg?ﬁ%&?aﬁfo%{dg% GRS t¥Re aSHRML deBlen dimensions
the elastic element 113. Local etching can be done by different types of dry or wet

etching known in the art, for example by RIE, dry plasma etching, electro-sparking, wet
isotropic and anisotropic etching, etc. After that silicon is removed locally from the frame
elements 114 backside of the wafer, as it shbwn in Fig. 13d. As a result, i:he height
dimension of the rigid islands 116 becomes larger than the remaining thickness if the
frame 114 minus thickness of the elastic element 113. The last step of fenioving silicon
from the frame area can be done by different ways including mechanical milling, electro-

sparking, abrasive milling and diﬂ‘efent kind of etching, dry and wet.

10075} Fig. 14a~14d illustrates a fabrication method according to anbther .embodiment of
the present invention. Fig. 14 a shows an initial silicon substrate 100 Eaving front surface
(side one) 101 and back surface (side two) 102. The wafer first goes through the standard
CMOS process fabricating IC circuitry 104, sensitive components 106 and contact pads
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conpl ex in shape accordi ng to anot her enbodi nent of
the present invention. This force-transferring
el-enent al so can be nmade froma variety of materials,

wHeloyging pl astic, nmetal, sem conductor, ceragvgs2007/000411
etc. It also can be connected and bonded to the pin

~in a batch fabrication manner at the wafer |evel.
[0071] I n anot her enbodi nent, an additi onal
force-transferring elenment 35 has a cavity 41 for
accepting the rigid pin 16, which are bonded wth
adhesive material 43. There is a portion 45 which is

“insgsted knto.the trench. 47 | it edo the rigid
or 10065 2 088 i e 4GPt PRRHLLBMES Bebi8, L bt teyer 1113
| ndepesitdson the thwkdide of die walbneey Uaublesid lithography ivAtide from the

gte%%ggéehgf{] tgf) ?vg&g Iﬁxsgmgg gge{ef%ltlg gf.eimi'et I%{p@rd I?gmdnegvt{ag %ésking layer 111
200 110 $hBRIRCTI /SR AR QORMLY, HAhHEN iR, 1448 N&@REBefibeal etching

during nolding of the external force-transferrin

el ehgkon W?f?fr’c%,mﬂ(ie fren\the; backsida of fhedwefen faming 6p,gtrench 112 to the
[ gd dai i 6 ekl i Y .
di (ggepﬁ ?g‘i‘%r% F@gf’ﬁﬁﬁﬁ‘g&ag{’fﬁ?%ﬁa ﬁp%lr ce-t Féngﬁ éhrer Fr%rae and design
el dimkness 8bthaaastiavictients! 18r Thimlpsal 48hingan be tihee by different types of
sugf ace, qgf i.s,elenent, for onger. bondi with i
o1 St b R AR o, B, R D oSl Sehflg blodbo-sparking, wet
f discteopic, ankbespic rE:halge kRNt Netit thay @uskeies %dyélghﬂr is removed from the
reliability. [0073]Fahricatiopn of_ a 3D force sensor .
G e %‘ﬁ’?"ﬁ‘}/tslil oFHORBR 6 Eea - B <ichsEoRiEst Bithe backside of
I e YBRA kontinies bmgg asEOAMBNRd TERRI RerAdr® sEQYBheusly, shown in
options in batch fabricating senor dice. [0074]Fig.

1388184 | A pisesully e tright dmonsian b Hicaizid idkndgl 16 beroraes larger than
ang p&ﬁdﬁﬂ?ﬂ%ﬁ@@oﬁﬁe Efife 114 minus thickness of the elastic clement 113 and
the thickness of the elastic element reaches design thickness. The step of lremoving '
silicon from the elastic element and frame element can be aone in various \'.;\{ays including

. different kind of etching, dry and wet, for example by RIE.

[0076] Fig. 15a-15d illustfate ‘the fabrication method according fo yet another
embodiment of the present invention. F ig. 15a shows a silicon substrate 100 having front
surface 101 and back surface 102 after a CMOS procéss was completed and the trenches
112 around rigid island 116 were etched forming an elastic clement 113. Afier that a
masking layer 120 is deposited on the backside of the wafer masking the sidewalls of the
trenches and the surface of the elastic element 113, as it shown in Fig. 15b. The next step
is removing a masking layer from the frame area 118, as shown in.Fig. 15¢ leaving the
mask 115 and 120 on the rigid island and trench including back surface of the elastic
element 113. Next the silicon is removed locally from the frame areas from the backside
of the wafer, as it shown in Fig. 15d. As a result, the height dimension of the rigid
islands 116 becomes larger tlgan the remaining thickness if the frame 114 minus thickness
of the elastic element 113. The last step of removing silicon from the frame area can be

done in a variety of ways including different kind of etching, dry and wet.
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present invention. Fig. 13a shows an initial silicon

substrate 100 havi ng surface one 101 and surface two

102. The wafer initially goes through the standard

£SS fabricating IC circuitry 104,

@%’3&@%3 106 and contact pads 108, as it Sﬁ(‘f‘ﬁh{;iﬁ}(ﬁoomn

Fig. 13b. After a standard CMOS process, a masking

| ayer 103 is -deposited on the side two of the wafer.

A doubl e-side lithography is made fromthe side two

of the wafer opening the elastic el enent area 110,

| eavi ng the masking layer 111 on the frame .and the

rigid island, as shown in Fig. 13c. Next a deep | ocal
[007 chi ngOmsf oBtHei dhelengas @ micthodp ﬁbacabbdf almrve tid eenpeidigs pgek from the

of .t he fer for m t.h e 2 10 f
0 B4 A Bl PSS, s oo
et GhfenJTIEa Rarb Be %ﬂeveblybyd infdklihg nke badhside aff the wafr hyetwo Iayers of

etching known in the art, for. exanp

o SR ek hodhe cempe SR gL ot B fhdgspphic processes
ans@d %\'P@;E: GnifA1GTk BB facE bf the Afat@badkirie abddrdiBO R drther embodiment of
renoved locally fromthe frame el ements 114 backside

of thelpeesorifieentians it shown in Fig. 13d. As a result,
t he hei ght dinmension of the rigid islands 116 becones -
[00718;]1r ger Figat6 ¢ kimwsamllmmﬁgbmesm&é@mngfﬁqnhmm%l angback surface

ss_of t as t
" 4 S Ry NeoE i o B2 g A5 B on
dloﬁﬁskhme @ff t&@ Idfér, \gﬁ)&ﬁ shoved Geli Hig l‘ﬁacgagl ??dkurg [alyem gz4 adds high
gf seeiéc,gxgﬁg@i[ etc:':}q%;g ‘gp?]tag I Vlfeif%l —}E# rllge ge_?&a gtelg W%&%g}ngl%e maskmg layer
' | 3l hrbAt 86 fidmeadMrh &R lah® BlaERd H@ﬂmﬁqm&iﬁ ﬁ@)ntyoorﬁﬂﬁtrlg@d istands, as

odi ment of the present invention. Fig

: anShorWnt indfig. 36b; é@WQB%%P@Yf@@“ﬁa%Wgﬁh%ﬂﬁs%ﬁl?%@é 110 in the

N R e

f aﬂmecdafﬁewgt t’lﬁh@i clcmnnnsymmaskecé eresi 1Dy &ame raberaent teasked with one

10858 YRR i g SR REREL S sy Bt an 124

Pr NefXBe silcdiFs kichel loaaagr mlﬂelelasslcdfmﬁzﬁt theshghhd dnesks 122 and 124 to

o TP EpAbias i ok el oe g 170 5 Rted from tho frame

el aﬁltnbﬁ‘t 128§y tHl Qad bl aut H@dﬁﬂﬁld”ﬁéﬂoﬁﬂ ih B 16dl The next step
on the frame and 115 on the rlgﬁ i sl and, as shown in
|€

Fi g a simpltarkpustetehingoelihe Sewr aad Hgﬂwle@rmﬁ @6 shevgt ByFig. 16e. As
IS t; t
tr e% ,f&éﬂ%]%{ f@n&%ept ﬂﬁe A d 915nd0a 5L bedoHed 1 gert fA&n the remaining

equ to the difference
bethivkaesst dfethé i freahe 152 okines thidimesshef the alastio edpmpat j1gh and protrude

t hi ckn el astic elenment 113. This | ocal
etg?ﬁwﬁgsti Elﬁ’eS E%WE "by different types of dry or wet
ching, knpwn in th r RI B . dr t chin
[00'&5 ect r ARFATIIAGESS ﬁg?adl{’ F’&aﬁ}“é‘g p\é??g%qaﬁ?%ﬁﬁ gae‘ikél # f the wafer is
et fresdNBRilin Fipa lt 74 FkAcagrdird)to fandtlllér chfbod By efthé pmm; heention. Fig.

frame el enent 118, as shown he
et LTd shgwsraoulienn substrate 40 B%Rg .ff&af 8%‘1[63%&% Pa& surface 102 after
g?%/}w Eﬁm@s&‘?ﬁh&& S8kl C1aG8 m?:@tls %Slfté‘mﬂﬁl H%B@fﬁe of the wafer

eously, shown in Fig. aresult, th
heil@;tshmmnmﬁgoh%oﬂherf@xt Btgb i qegzqogmg amekivedaresd 36 ﬁom the frame

I aﬁﬂﬁﬁ?lﬁh@% ﬁlgg I?Hi?%@l'%\gné B{ECIIE%‘? bni Oén ?E%éuﬁ gm‘?ﬁl; Ihown in Fig.

t h1 K ressonf hthhgrapﬂya"stiows a:lpemagl there@amhelsmwsll 1§nas shown in the Fig.
t hi ckness. The. s fromth
e| Lis | As afespit the gfﬁ’% lgp gﬁ@ 8 gfgrea areds: 1 finmasked area 110,

various ways including different klnd of etching, dry
and wet, for exanple by RIB.1$00761Fig. 15a-15d
illustrate the fabrication nmethod according to yet
anot her enbodi nent of the present invention. Fig. 15a
shows a silicon substrate 100 having front surface
101 and back surface 102 after a CNCS process was



WD 20071081883PCT/ US2007/ 000411 [0077] One of the
chal | enges in nethods descri bed above is renoving

mask fromthe frame el enent, when sone kind of
woakishgisis al ready fabricated on the backsi decefusbi®oonsn
wafer. This can be achi eved by maski ng the backsi de

of the wafer by two | ayers of masking materials

havi ng etching selectivity to each other and two

|'i t hographic processes made on the initial flat
surface of the wafer backside according to another -
enbodinent of the present invention. [0078]Fig. 16 a

a silico trate 10 avi ront, surface .
7 o B 3zl ot 4R BB e e HeRLishi ey asked with
rraﬁiasza? iawem 18R tRMx L 2dp SlibordBRABEA REaDPint thE e]asnc element area
e

backsi of the wafer, as it shown in Fig. 1l6a

naﬂkws@ theyppasks L34 %}éds”fiﬁp grpredstesmined idepthoNextthe rrﬁ@kltlg) photoresist
I [

e Ebed g8 TR P8 BRSO i b, s st

eI Emﬁgt 1Adedhs ﬁga1|stepomh)mmﬂtan¢cels efching of theafrrhee araksthe elastic element,

16 second | it hoaraphy.f,ollo _
iRl “Ueact & ReP B R heiebh ERRERRE S p e Spys 134 becomes
12&rgea3hz&hﬂmf:n1m:ﬁ1kgé tHitigiess 6L theAfarfe 1188 Uhinps tiiekness of the elastic
ba kSId§38f the wafer has three different etched

unmasked area 110, franme el enent nasked
th one masking layer 122 and rigid_island el ement

[0080hsked tha AcopadiRhing of ape teenghes syguading tengid: islands also etches a
S| él.{bg@] at@ bf EAEQNdf&Ctﬁicl(ﬁ(esls Dnl laﬁs gﬂo@éts 8&1 ngﬁ;@ﬁ%ﬁﬂ for the purpose

t hr ough 22 and 12 predetermn
depf !hHQUMinB dh dige fion ﬂlemafﬁasithmlg cdbraryemnﬁmlcmg, retludingl the overall

fr 90@{ 61”:&6 &é an ELC%%QE &f%ﬁ 311&@ c%o&%&npﬁtﬁe Hrg)&n? g}vsﬁnon

therigirdis as shown 1n

P R R —

t hisack€di@ OF tigh wet’esmnké& it (e figigl iflahdsl RIEShel SthskIBE %157@13 136. The
l'arger_than the r ﬂ?lnlng t hi ckness of. the frame

mi §769d Mregadysis dpllewias ap foenias é*l‘ee‘?@ﬁ‘f’ 31%115#180 and dicing trenches
PT P40, el homt m@ ngr 8b.! b\% SHRAL, R Backdi 91as four different
procéss of a . maski ng process ron1 acksi

_ far@aseuwaas&pd plgstpvr @@@mt@etau HOFurgnaskwadmm @u@hﬂsdﬁﬂgﬁame masked

fl&&%m&'@f& 198 %d {3:1(? %%glgeﬂtmﬁ{%ggcﬁﬂ&?lgyerﬁbg. On the next.

17a s OWS a si11con su avin
s wtdpasiBedhOik efvhed BomMy so rﬂﬁaelestiboaemém a6 @wm preodieing . trenches 142

pabioufieoed5RERLT 54 e bR B or] rerpesking photoresis

n elxger 488 R dtChadefitan ROfraneaek 104 Idaﬂi{lg thelsaBskf 1380 ] rigid island, as

rf#alrre and fromthe elastic el ement eaV|ng t he | ayer
GWBAR Fige 1P§-of dimpuliageys ef theyfrpsng, the gigsticpelements and dicing
S fBkbs oot SRERA Yh Figl |18H’V5As g P&%ﬁlt rlge Béighﬁiuﬁgﬁsﬁcﬁl of the rigid islands

el ement 110, as shown in the Fig aresu
t He4heermesdprofpdech Eomgthe rsubgizate, wwerethgurﬁm@nmtthaice@s of the frame

UNABSHER 8RR dififitanchilsty O At GEREGTA 2RO Hi880 thiches 146 for

singulatiion of the dice from the wafer.

[0082] Fig. 19 illustrates additional steps in fabrication process, according to the another
embodiment. These steps allow fabricating an additional force-transferring element 150,

as it shown in the Fig. 19. This force-transferring element has much larger surface as
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frame el enent masked with photoresist |ayer 138 and
rigid island el enent nasked wi th nmasking | ayer 136.

On the next step silicon is etched locally in the
elastjc el ement area through the nmasks 136 . :
qy)ﬁpéﬁg@ﬁ%n1ned dept h. Next the masking photor/égﬁghﬁaﬂl

|l ayer 138 is etched off the frame 128 |eaving the
mask 136 on the rigid island, ‘as shown in Fig. 17d.
The final step is a S|nultaneous etching of the frane
and the elastic elenment, shown in Fig. 17e. As a
result, the height dinension of the rigid islands 134
becones Iaﬁger t han t he remai ni_ng thlckness of the

f r panegto mg!f%vﬁ.cszth%glgldopmt%é‘ b preyifies & lengetatm siong adhesion
[ ORBQLANE: f}iﬁ%ﬁ’d %msﬂgne{ensm thé RRGRER AU roundi ng

the rigidislands al so etches a substantial part of

ons, 255 Y SRR D 8ol S5 846 SLUER gt o

usef ul € purpose sing u atin
t hibe warffae ofiithd subistrato rwadert iThe ajechhnmah gpbsn-ﬁd weafergt 49hie then aligned

over.al.,l cost of.t devi ce. cco dan e, Wth_an er .
VR e RS it 5 S8 B Bis o Caeo e R e ppthuRE kS 153 in the
shabgrage 59, Thanvwoubatisatebohaddl @@&tﬁér vaRaBF AC189.S1 3. This material
t he: ggbstrate backsi de of the wafer masked in t he

r i G & Pahesives sqliem of phermaiRTiAl groatigattropg gnd Tigw! nwdisg getween two
a I&ﬁ@grmmﬁdﬁap lelepitini01 0Pnpe BE @g;a}d%@d fbaStdch other at the wafer

el enent 110 and dicing trenches as shown I n
Fi lgvel g the combimations of glots andbiidgek $5H es BishewreingigdPb.HEwse slots and

i) S0P R ) 9y AT e,
pﬁbis poias ﬂ'stboh@ﬁevaf&ﬁ 8ambeldicedyind appliation nﬁlslkﬂnh raatédiel on the top of

N e R LT

ench 142 thro h_t 136_and 1, a ... L
Lo SIS, M2 AR Buen e ek Lot g AR L0 8 i
| ficaticdBprb8ese! ClRde SiepMnthge Eﬁ@ﬁfﬁxg%ﬁﬁg}lﬂéllh %‘8’ 'a@ghown in Fig.

the mask. 136 on the rigid island, as shown in .
188¢. Fhese rrpringiheballs B3& Bamge grouries pr dhe surfine @ﬂ ﬁscwansfemng

el ?%%{SSSIS@%%@P ﬁ&x@gﬁ%ﬁ)ﬁ G&ﬁ%ﬁmg&%& rPg cke &t Oélmcie % n%nt or in a batch

a result
'| é&kmmmmmmwmsmprmmuwfm mnﬂ:tdpang)ubbdllsataﬁ be diced and/or

o BRI LR Bk OF AT i3 i ot B el Prce-ramsering

dmﬁhﬁg&hﬁ&hﬂhﬁpuﬁ&ﬁ for singulatiion of the dice from
the wafer. [00821Fig. 19 illustrates additional steps

[OOSS]n f abFigC M0l NRsRALOS B badkCHHAr O TbricRidnh BrodBRt RRbrding to another
di.ment These steps_allow fabricating an

GBI OftEE BEeR RN PP et BASARDIERY Seeor st with the rgid
S Bﬁl%rdtﬂldﬁﬂé%(ﬁh Ghe StPfacd Bf ﬁlef\%ﬁ"éi'e'['ﬁé ﬁ@&faﬁfcﬁf A8 SIE TP Rhfer 161 is

has nuch | arger surface as
20wrided1 Bes perhansad syhsoen e bc anqglarfem tifferdne nmrfaim dor example

e e T R —
t beébstraip has beeh erafiled in such a way that the cavmes 166 for accepting the rigid pins
134 are formed. The other micro-structural elements such as ridges 168, cavities 172 and
cavities or trenches 170 along with the other designed micro-structural elements could be
 fabricated at f:he same time with the cavities 166 for the pins 134. The mechanical
substrate is aligned with the sensor wafer 129 so that pins 134 go into the cavities 166 in

20



[0083] Fig. 19 a shows the conpl eted sensor wafer with
the rigid pins protruding fromthe surface of the
substrate wafer. The mechani cal substrate wafer 149
wo 20d@eisad i gned with the sensor wafer 129 so pichafs2007/000413
pins 134 go through the coupling holes 153 in the

- substrate 149. Then two wafers are bonded toget her
with material 154, 156. This material can be
adhesi ves, solder, or other material creating strong
and rigid bonding between two wafers. The individua
el ements 150 m ght be separated from each ot her at

the J.av Y. ihe inatjon_ o 0t,S ,an . '
br Rise Bt Ghsolle (O TRONBAIBE IR Yafly PR By of e pin 134 and
br iteghiskaeseof thb bbudihg chaterial T Alubgdthiatdeterimed £ f6hetween the
th ins ., are-fabricated fo i.ng, At this point the :
| boﬁa'g‘_a B ARG 4 %h@‘f‘%‘ﬂ’ﬁi foreg- rymwiapplawentcl 62. At the -
makeid ke QiﬁgéshﬁS_Stg?pin&f the RRbs6l BerdcN 31 QFgihd %égeﬁﬁh Q688kt the next step
force-transterring el ement can_proceqd.g%po 4] As a .
cofiYq Hakts n bepdadhiogetherywilh hending mptgrial b, (Thisusaterialwan be either
addinti . . ) , : g o
e R S Rlieolves bP A (AR SreaiE Ao i Tieid bonding
19betwirele wpfeisngle sidividul ¢sgentancderight batsephraed fihm each other at

- Sr ok : 15 ith -
S L S ST e oo,
or Thase alotsatnd fbriflgdsrare Bibricatedinrthemechbiaichl subgrdrotdissame time, as the

wafers with spri shel G dj.ced /.or. o :

apﬁﬁ??gﬁ’ﬂ?’%‘ﬁ%‘&‘“ﬁr gieln}egtsn%@e rli%gi ?'Z(}a ]It"]%earf* %g%?atqdh éstdfhis stage the

f Oborkled Weftgs £% UREAA HRh PRstic RREHAT 176N afIRARALSe foP ofthe dice in
rocess. [0085]Fig. 20 illustrates the back-end

a

bat ch pr
'ofaﬁ’afaﬁmaal#fae%mﬁs Jeamsr g‘?f Brainggexienanbrdgeransterring clements, as it

endadkENFiOloct e th?éﬁ%k@ Bf rEdl@inig 282 SHONE 1R the external force-
conpl eted sensor wafer wth the rrgid pins protruding :
f rieansfernsselemhendethis makesialvailego . inkhthervevitiani B81172 creating strong and

402 Bl ML ., B B L PR SR BB 162 e

exsameltind the smpll gaisi 165 and tizl ﬁdgﬁﬂﬂ?}c\omdﬁ pfe_%mtl m&tiaaterial 176 fom
chani ca

tc. At | t f f _thi
b S b T e
T A R Ao R AT R L —

i 08 SorhBRn GBMald Sfrids AndRRl SAMthid ik iﬁtegrﬁﬁaﬁiﬂl ‘gther analog
along with the other designed mcro-structura
el Bfefighalc situitsh ittty ivdéghe rovidet frat gzemmot ilimitadi td analog signal
t V]t e PR g [ 134 e 1ani caly ., . .
L andip oo izl o il Sn HOUoRENRD, Pipionin, signal
t Ipsqceptings g8 lggic) nmm;utrh,e diggiral Lmteﬁ’ackﬁﬁaomr I Mﬁagement, encryption,
20 3P US2007/0004.11. t he .nechani cal substr at ..
DO Ay et PR P PeRe G HEF QRS o @nd roceiving
piwirelsdd dgehly hensingCkngsment b e NAhd Foreat Eﬁjrs?dal Ifthains and
al | hogether determ ne the gap 165 between the franme
of PPRREEAIRsor waf er 120 and the additiona

: force-transferring elenent 162. At the sanme tine

[0087} ggestigmulgobs Nﬂgel’ﬁﬂ@@d dhajhel meieropEeturesl ofitrudig. tstrectures of the

i 164 AE T t. sten t doap. .
T R
bdimaf theepresgirf invemtivin, fouh dolgfillastatssonesodDithesairides techiical solutions

U Sk B8 LR SRR BB, et

‘be separated from each other at the substrate |evel
by the conbination of slots and bridges 174, as it
shown in Fig.20b. These slob$ and bridges are
fabricated in the nmechani cal substrate at the sane
time, as the other mcro-structural_ elenents 166,

168, 170, 172 are fabricated. At this stage the
-bonded wafers are diced and then plastic material 176
is applied on the top of the dice in a




[0087] 1t should be understood that the
m crostructures of the die, structures of the
finger-mce, finger buttons and mcro-joysticks and
f their fabrication do not limt th
‘gﬁé%ﬁgg% but only illustrate some of the ngB@géﬁﬂ&mﬁl
techni cal solutions covered by this invention. Wile
the invention has been described in detail with WD
2007/ 081883PCT/ US2007/ 000411 reference to preferred
enbodi nents, it is understood that variations and
nodi fi cati ons thereof may be nmade w t hout departing -
fromthe true spirit and scope of the invention.
[ OESprRde dreerecd ambediments if s wederstondntist b@mﬁlons and modifications

d ﬁ%@%‘opﬁg{ bd ﬁlg%% gfgﬁcgﬁ hf}fa&ld’l% nﬂ%ltg tsﬁ)i% gt\l/C} Sr?ﬁ Céfnﬂé }ntventmn.

th ti t t,hat.
o, R\ 4B B, L o o
t h!ﬂnﬁ‘mbmé em‘bodilh&:ntspﬂ'm@i sloledath (e 36 sl haie(ﬁlt Rf 1% BRfention, will

ects i nvention w |l pparent fromthe
PBW %‘5 79%?03}@%&{1 e dawgn‘a@ah dp aptdepart from the scope of

CLizﬁb |‘i§.rentmn as disclosed herein. Other aspects of the invention will be apparent from

. the following description and the appended claims.
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What is clained is: 1. A three-dinensional force
i nput control device for sensing vector forces and
converting theminto electronic signals for
processing on a single substrate conprising: a sensor
die conprising a force transferring rigid island,
wherein the sensor die is sensitive to a nagnitude
and a direction of an ext rq % force applied to the
force transferring rigi d,i"r@ d wthin the sensor
WHHt & clgimddwherein the sensor die further conprises an
el astic el enent coupled to the force transferring
rigid island, die frame coupled to a periphery of the
1. G!l taﬁdel-dlmém@d)hrﬁgmuqi@ BSMiito) devigal fur sEnsing vettosforoes and

co%\f Etff@ﬁb ﬁ%gggtgcﬁgqtssl o t he ﬁegs%%éog gﬂsn@&gﬁg{gte comprising:

el eetsensbahiewommh@a$mha;irarwfearung/\mmd slandaﬂvlherelh direpgensor die is
of the Seg%gyeg m?gr%ftudg EF@Q dYA\@%tﬁh 3 n §xt9|%aﬁ‘orce apphed o

sem condtit ree-di nensi onal
force i nipatforcomamsidrrintergid sland witsisrike sepseedie cndivdresein the

asincl Qéngbr]da% H.H'xgreéo Qg&'é&élgﬁlc inént k& to.ftﬁgfbﬁze

“transferting el ement cOVeri sensor di e,
ext er nal trdnsfageng igichistend. rdlmfjafée epriad to@rresiphen Qf Wﬁé’*asnc

exter nal % BHr i Q[atheh, %\eﬁ;&am@oﬁg@e@&&{s&we Gorborldhts on the

ext er nal nto th I sl and he sensor

di e, wheglastis diapsragmelemen] W*@ﬁ%ﬁ@ﬁ%‘-ﬁ%"&'ﬁé"’f’@?‘é glegtgcally
the el asiife fRERSE and is detected by the stress
sensitive corrponents that generate a conbi nation

out wherel; afplaneeniegidhrizansonptie @f?efom@qwmé singlg S?H’écond”mr
di recti ogpefratthe external force appli ed wher ei n the
external force transferri r(% ﬁ_:‘rleﬂrn::nt ”ﬁggqrf ’
2. fhﬁtr@w'amensrpvﬁdtforp%mawm%%! yic fts?'ﬂr‘r"@‘é% cefr 681 Fpim
furieP@nfdtisihgshi on, the material being sel ected fromthe
i ncl udes one

roup, of mateialstha r.nore of:
an B9 BrordierieH g SIS OVETRAITE SeaTE ¥, seserry e
mat @ﬁrﬁsﬁérﬁnménémrﬂérdemdgahe ei:tepiah&tdedndmtmﬁdimg tsansferring of
el astic nd .ru teri
t hr@'@ eé'feﬁ%ig%r?ﬁw'gﬁ’t P %’f‘g N Hceo‘c’n g%lcﬁ%é@' e ?ﬂ'gngé island
sensansgery thetforce totheetastncherbavand is detettied iy et siress sensitive

© L b S Psis 3t BBh el ooPHRRT b AR S8 dBbdident on the

»sub sensor
si nglgnitideraod editedions Bt exéareal f@me apriiedi c el enent -
wi thin said seni conductor substrate;

wherein the external force transferring element is made from a material, that is applied to
rhultiple sensor dice in a batch fashion, the material being selected from the
group of materials that includes one or more of: plastic materials, elastic
materials, rubber-like materials and combination of plastic materiais, elastic

materials and rubber-like materials.

3. A three-dimensional force input control device for sensing vector forces and
converting them into electronic signals for processing on a single substrate comprising:
a sensor die formed within a single semiconductor substrate;

an elastic element within said semiconductor substrate;
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a frane fornmed around said elastic el enent and
coupled with at | east part of the periphery of said
el astic elenment all within the substrate; at | east
t hree nechani cal stress sensitive |IC conponents
formed within the sem conductor substrate and | ocated
in the elastic elenent for providing electrical
out put signals proportional to nechanical stress in

a ftahe fhowataromdskid diestitc e}embmféwuled aith pilegst peA et Hhegi d

I sl s&@h,%b(agg&& fQhd® éﬁl 'mgﬁﬁpée SoRguet or substrate,

t he oRe rigl nment i1s coupl ed with
at lehs thyba ptechanilabstmass smweﬂ(éﬁgmé@@n&fm@aadéwﬂm hgect or

Lor &&mwr{oﬁ,% & ﬁstecan& |RERRAn BRidslt aoRntBr fibadh

onen rovi ' ectrical output si
V\heelet’tﬁcai RutpHesigials Rﬁ@pqrﬂl@aHOgF%Fh?@F%\ﬁH‘-’?r%n Eheda%}im? REthe IC
the, (g.h Jn% gnce bet ween the thicknesses of the frarre
and t astl c el enent. 4., The force ]%ag ?Xe
at Ipast @ngrw Islangkeigresnt famed Dethe SBMisARIUSHT §H‘E§‘? hg gt eastone
Medgyii f<Pimd BRInRInk %'coﬁﬁé@ﬁrtﬂﬁ?ﬂ'lefmm blameg arditrapiters an external
silicon, germanium silicon

car RSP Tjag 1o theplaptseieraRnt aaQ?WrP%ﬂ%Olﬂ e GERPERETEE ich

pﬂogrghugg[gcﬁeg odtpat@giss, fromIIll, 1V and V groups of

the Perio in
WAL AR TG TR L e

SenhrRAsiaes Ofhs itmt BAd theluastiarlearentl ar or n-si ded

pol ygon geonetry with uniformthickness snaller than
the adjacent franme elenment, the rigid island el enent
4 Thbosrad mgul deviee tregitimad, whessn e semeoeductyrisubstiatanie made

‘ he f nput d w ot he _
froglné%?rf %ﬁ%ﬁ%ﬁrgme I fﬁsuhr%lnf é&hﬂbﬁm nrgtgng&.apoﬁé]?iamond
likeTdaebdno galitunh afsebidel eailice nnMdeI"adllum phosphideeand elgraents from I, IV
anf{/%%t'ip% 0?{9 m:d gﬁ;‘r}mgl ses at | east one penetration in

ess |nens on. 8. The force input
device in claim3, further conprising at |east one

SHhE ?&Fg ﬁﬁg@:%g{c/:@w agme%] WHERin ih@%@s@@'el@rﬂeﬁﬁﬁ 1Rl Rf; ¢dﬁductor

el enen ape selected f roma

| sulzgtrajgé‘@s@oragn@ar | QT Wyggp |g§o:aptrwm§} gn th(“? knegs smaller

ha BleiBa iS 08818l 5 céramreg of
thag?]t?eggoé% F@é@l@%@nthﬁxtbﬁ%\farfacg of lt he .di z;phr agr% °

theeﬂ’ﬁ?“@@ﬁmeﬁbt i ons t hereof.

8. The force inpu’c device in claim 3, wherein the elastic element has a non-uniform

thicknesé.

7. The force input device in claim 3, wherein the elastic element comprises at least

one penetration in it's thickness dimension.

8. The force input device in claim 3, further comprising at ieast one siress
concentrating element located on the elastic element and having a shape selected from
a group of shapes consisting essenﬁaily of \\-groove, trapezoidal groove, groove with the
sidewalls forming an angle of 90° with the surface of the diaphragm, and combinations

thereof.
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9. The force input device in claim3, further
conprising rigid island el ement of shape sel ected
froma group of shapes consisting of cone, cylinder,
sem - sphere, sphere, faceted cone, faceted cylinder,
faceted sem -sphere, faceted sphere and conbinations.
10. The force input device in claim3, further

ﬁ rising a rigid |slaqd el ement with a

0 eJHrcp qleSyi A gy lflrlt%cgmap%n%n%@ :s&and ‘Iament ofe shape

sela@fiad oM 0§ bmamng‘sﬂ:rrggof@fm@ ayiiridgr, s;en@sm{m, Rphetre,
rea 0 ne

fachTen o, ToeLiast et Taerded Somipphore Bopgd Sehd et carekjpations.

inclaim3, further conprising a spring el enment

00 P e A< B 15 olpraine et g LePeptain ot
leabtr @ ridneingoratitp selbctes fromg @bepmfmcm ursipmiithes cohbistimglod aavity,
tre?{% g?l e,Jn&fSt k z?qeo 'b?cziek Sank& eR/% . atea Af%géétﬁlF%L gétabg C&{'ﬁg H}ﬂe‘tions. |

on,
el astic done Wi th nechanlcal feedback pl asti ¢ shel

11f ?’Ihé %?ce [defv'd% (f% lln%wqus ﬂl’t p?lgﬁbl sfphlig%SIchﬁhtc? gﬂg'the

: ast oneri on or to ons
extempliectde {dreatoithe dgidistand elemm wmere:ﬁ#@prl@@ plgmant|iveajected

frofl Hfe %Bﬁ?ﬁﬁstpﬁﬁgéiehﬂle}éé épﬁngqm%%m w?r@' &géti%%tafsﬁ@ﬁﬁtioﬁ elastic

grou s sensitive |C co
plafﬂce"»ifeme%a%@ slestigepkan btitan splﬂaﬁh%ﬁtrtmﬂ@ae?fa%@ Hee ngth
meBhHHS feé&%%k p?és&:@%ﬁelﬁfﬁ’l@@ G Itqtuﬂi Sl?agfc.es?ieﬁ FllatBuith gel,
Wheat st one transi conpl ementary pair
ebﬂPmENQBﬁFWéh§W§aB¢§“5b|polar transistor, pair of
p-n-p and n-p-n bipolar transistors, blpolar
transi stor and at | east one |ezore3|stor connected -

12.T5e fqre Pt dgvice (eieimy 5 4TEr BYMBHRING:A lepsADe SRR sensitive IC

conﬁ}io%éﬁﬂééﬁc@d@rfonﬂthérg&ﬁfpeﬂ s{rétsstsreﬂﬁS\I!éSMOmﬂbhémb ap"ezores:stor pn- .
ransi stor. circui.t

gt ekt SRS, Schothy idfie sios SET R IPCT: BRG] m
Whaatstbtié bhdde, MORrarsishy, @mtdmenarg palrroﬁoma/tra/usismbs bipolar

rarR RS BEh B0 P b i YRSl #GH ¢88ene
- piehiregigtar cmoemtaﬂod@naeuou Q3 bansisiof andudtdeashone mepresistor -
conﬂé&&? ?ostkel?\grstog ab?,Reolerr?l%hg sto{raﬂ‘,?lrt yand%lﬁb&@r!ag%rgtgﬁé Icﬂ? &

| 'mmﬂmumnpre55|on m xed . S|gnal proceSS|ng, transmtting
i I S
1§“H1ef f%&i% lé(gdu'i‘ge\)%é fi'c ﬁaﬁﬁ 3; #chﬁéjf%r Cp?. ﬁ eltd n@ !r:]lfal:tﬂ Awhich
prmade fumhteans seleded ffplmta_ grevn olfungiiops: naiog sng‘nakamﬂbf catlon ‘analog-
[ I, Ly [
SRR B AR o OBn Tl oY, SRRAIARREER LB logc
mem@ww@tﬁw@p@m\nwen@aba@g@nt Sneryatien, &p@ﬁrewamamdwe top
dec&fnPlteQ§0ﬁ |ty él&ljlaﬁ‘ﬁ%céég ng;fo fhA&hittng ANg Féde%g%ﬂtenssé Signals,
ernal force-transferring el enment, for protection -
sengpg yaoUs PR Gak demaine Aiher hanTaree ard epmbinatio® i gi d
island and nade froma material chosen fromthe
grou of materials: plastic, netal sen1§onductor

ethgifpree "&1“5%%“%‘6 clagnBi HEbs SRMpRISipg an gadjtienal rigid fprce-
trandfBfing @dheenit &wﬁecﬁa% #R toppetien 61 tBe ribid rﬂ&rmrarﬂwd;ﬁg thgher

an additi naI rce errin
surtfich Aree e Sroiop ot B ig iRt 5k BRRerchendn i &F axtamalfarcs
transfenipg leftintght, Vort grotactRprof tgyeisdtielelerficnt fromehaside athe rigid island
f eedback allomﬁng sensing a click of -a pressed :
correspondi ng button, and where at | east one of the
stress sensitive | C conpongnts generates one or nore
signals for activation of ectroni c action. 16.
The force input device in claim3, further
corhprising an additional rigid force-transferring
el enent connected to the top portion of the rigid
i sl and and having additional cavities, trenches,
bunps and ridges for better adhesion, for protecting



17. -The force input device in claim3, further
conprising a rigid force-transferring el enent
connected to the rigid island where the rigid
force-transferring el enent has a shape of: ring,
washer, plate, stick, inverted nmushroom cone; and
where the rigid force-transferring el ement has at a
surface at | east one el enent ovi ng adhesi o
angmagp fra afrostedal ghesendrognthe ﬁf%’Pr?énE“Pﬁ'é'S RIARE; VEH ayer
senhﬁBr‘MjE rtclé?an{:é %ﬁ TRl esmbihagenldt tel dbgveel enent and the
rigid 1 sland ere the at least one elenent is
chosen from a. group of: negative-slope, cavity, hole,

’fﬂi‘ﬁ" fe fdpéd H?ﬁ detigdin &lé?h‘l@ fLaher mﬁﬁmsmgbn atditional figid fdrbe-
orce I nput device in

tramrflagje]ﬁ@@ﬁtépp@%qtq:ci,toglaﬁcj&gp @8“'{08 f)ﬁg rsg ?cggrgff cc‘oopgra?ed with
a sbmg%f%hbmoaﬁﬂchmdaofe@@ack arn@mg sérsgel dieofta presseded

cowspﬂncilrpggbtiﬂ:og,l %'xd: \élrei% gt’ le%sﬁ 8 ﬂg? gtreesg%QESIﬁr%qg%?ﬁto%qents |

gerePhtes ohd\prthord@ignais formactivatipmoll@ectihisraetiarhe but t on .
~conprises a shape chosen fromthe group of: convex
surface, dome, seni sphere, sphere, flat plate,
B Mha¥ecesitpitaeeice toraimgafuetiestanrisiag apendikonad Figidforce-

-trargsgs r}%%?e mlﬁ]%% dcgﬁﬁ#%é&@ %{(}g Iport;oa QO tlhzsar:ﬁgldflgé:g@arr}c{]‘rﬁﬁﬂnghadlditional
caviitizss, tnerches) bomps Bae ddimliordielﬁsw sigp Ae] nﬁfgte@tlr@ﬁﬁ% Rlagic a
ele ﬁtz% %q“opégdﬁgpal%lgchg % foadippfigdienf or activation of

Froni ¢ action an anically coupled-to one of:
a button cooperated MAth the rigid island, a

1'; q'rhg ?%'Eé ﬁﬁ&tfo%wcb g‘gclﬁlv'gﬂ;?un{hei; Qémﬂ)r%ﬁg"éi rigid foFtSé—tFar@fdﬂnng

frame an
eiemrrbcpqmaectt@d]todhe figid 1%qndnpg]eée the rigikidonsertren ernpg glement has a

sh%p%ro? %'Fgr\g%fe Aﬁiété‘ Gtigd, §IVRALd mhbrﬁodirh gﬂoﬂeleﬁidaﬂ@r@fﬁﬁ righteforce-
I nput contr ol \{ICGfOI‘ i n h ng a
tragsfeyriag elpmpridie At arReRGH agRt A e PPy Ehedoh o
;f:iﬁrﬁbci%?c,%'dﬁg AP ﬁ']?é?h‘é@lﬂﬁrdcﬁbﬂ% laferbetwnaen tisk kyid force-transferring
rising. a substrate

ast, _on
cioBBhATA Y (et wphrg 10 et PA oS iefn kPl itpup of
negdiivé Slpélicadiys Rbld, mbsd, BAdde, oardileveand dostbimatiore| enent
W|th|n sai d substrate; ‘
18. The force input device in claim 3, further comprising a button mechanlcally

coupled to one or more of: the rigid.istand, a force-transferring element coupled with the

rigid lsiand a spring element cooperated with the rigid island, and the frame.

19. The force input device in claim 18, where the button comprises a shape chosen
from the group of: convex surface, dome, semi sphere, sphere, flat plate, concave ,

surface, corrugated surface, stick, shell, mushroom ahd combination.

20. The force input device in claim 3, further comprising a springy shell formechanical
feedback allowing sensing aclickofa pressed button and generate signals for activation
of electronic action and mechanically coupled to one of: a button cooperated with the
rigid island, a force-transferring element coupled Mth the rigid istand, the rigid island, the
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a frame surrounding said elastic elenent; and at
| east one | C conponent fornmed in the substrate and
| ocated on the elastic elenment and responsive to a
force applied to the elastic elenment; at |east one
force-transferring el enment coupled to the rigid
island fornmed in the substrate, wherein a force
applied to the force-transferring elenment is

framé ans b eombidation df tveo o yore: of Hledndton e fafea-sferring element, the

n ferred the elastic el ement and detected b
rigig ﬁ% 2 Fé%ef{érg%e | C conponent, such that the at | gase
- one | C conponent produces, in response to the force

22 p/g|+ hg% coﬁ‘trcg'dg{ﬂ@% eas [ﬁﬁ BisRfnhMep beiithgel Faa @pplied force into

electronlc circuit coupl ed
apmesdm%ysterrempr@m IC confponent where the at | east

sg,qg%rg,eecg F?Qh% circuit receives the signal

represen of the force applied and in response
asmelb'@tﬁ:es an out put signal proportional to the force.

at Iggst ofdfg !H%ﬂ{d%&ﬁﬁr{t%méaw iﬁ@s@lﬁst?hi@l mt 21, further o
nprising a east one spring.ele CO €
an ploplcEiem SHEPYIRY ikt rp{:gﬂ%i ik ehegﬁe iwﬁﬂ[gtsgld

betg%gﬁatgn external force and the force-transferring
ontrol device of claim 22

e | t
a ffﬁﬁ’@rsé!ffﬁ”"tq'f@ W%ﬁ?ﬂcﬁleﬁ?&l{ proportional to an’
at 1880 6Ré IO EorfigdreRICbindst infthd MSBamlang leshtedemtthe elasticaiement
The i nput control. devi He t her
con®id é??@sﬂeﬁ%?f‘%ﬁe E%Qiﬁ%gc{thé fé %Igineaét one of the
at 94t bawkdres-trifierany elagent auplat fo theaigid igland fosmed in the gubstrate,

e e e i e

i sl igradd ahd mefemyctmnsfeaas foethe el@gtl@elémmandawtpcgqééﬂy the at least
%2&% (o QoHrg)oBent ThR tiﬁ‘zﬂll‘ﬁef &%‘Js'é@ne@@\ébﬁﬁoﬁgnt BloalidBs2i,

btton orce-transferring el enenf
andreapapeitn thedbrerra@pplied, a sipaal repressigiiye of tstP6F aB@\‘?F‘c@d

at l;agst%k@e@c@&mc ?fm:%rt %%Lrlbiéchﬁ: thOh08adt A TS BshpA@nEMWEERIthe at

Ieast one electromc circuit receives the S|gna[ representative of the force applied

and in response produces an output signal proportional to the force.

22, The input control device of claim 21, further comprising at least one spring '
element coupled to the force-transferring element and proyiding a link between an

external force and the force-transferring 'eiement.'

23. The input contrbl device of claim 22 wherein the output signal is proportional to an

amount of defiection of the spring element.

24. The input control device of claim 22 further comprising a button connected fo at
least one of the following: the spring element, the rigid island, the force-transferring
element, the frame or combination of two or more of the spring element, the rigid island,

the force-transferring element, and the frame.

27



27. The input control device of claim2l wherein at

| east one | C conponent conprises .at |east one of: a
pi ezoresistor, a pn-junction, a tunnel diode, a
Schott ky di ode, a shear stress conponent, a

pi ezoresi stive Weatstone bridge, a MOS transistor, a
~conpl ementary pair of CM3S transistors a bipolar
transistor, a pair of p-n-p and n-

26r Hesineytpatrol devirael Céﬁ'mtzﬁaﬂﬁel”é’f‘ & &l‘i‘g & l%é%?sl(a"l%f?é”“g

cleBZESiphgbichimpect ed to transistor, a MXS
transi stor -and at | east one piezoresi stor connect ed

to transistor, a bi poI ar transistor circuit, and a .

MR ihp Rkt BEvied bfCibith 21, whetSin tﬁ&’fo#c@@rulhsfemﬂlg fetdment is a
deV| ce for inputting a si gnal representative of an

SPH}gRISRIMf or ce into a processing system conprising: a
sensor die conprising: a substrate; at |east one

jqjd I d : .
B0 L P SE! LT o SBELC S e
at leedtaﬁelolghefmﬂreslgdrm - mabﬁﬂmswtumhel dtode, aSthddiie dio:le a Thgar
el.as WO
st OHENEE b SR MRl BN e, AMOS Pt ot s
cor&ﬂ)la&temtarye:laeméﬁMCai’ltdarrs&qmrEspr@aftt@ﬂanbb Ageirebpinrrand op-n
: th | .
oo AR phE RS0 deresdirimibes o
- trarssiget a BIQS travsistariand at leesiwe@mebl‘eéfatot epnnpeted to transistor, a

' blp£|glr t?ag-ls sEq?%ﬁ%ﬁ C{P? C%Fgﬁs@t& c&r&ﬁnSf erred to the

transterred to the elastic
@ érrmput mobmthfgdnwtlmﬂ;s:mal repeesentptis 9f @n applied force into

g&qﬁ&ﬁ gblﬁ@lhst at each of the at least two IC =
apcon‘poetspou |nresponsetotheforce :
asﬁpﬁ@l'ﬁle@omaﬂfﬁl%pectlve signal representative of the .

asﬁlﬁ’é'tr% .appl ied; and at |east: one el ectronic circuit
coupléd to the at |least tw |C conponents to receive

 at le3sb org geid isiand efnea frmed ethe FURSEESF or ce appl i ed, and
an WA eldrhéht 3lrd RRiFg SAkPat REbriedTbidisland element within said

~ substrate; -

a frame surrounding said elastic element and

at least two IC components formed in the substrate and located on the elastic element
and responsive to a force applied to the elastic element '

at least one force-transferring element coupled to the rigid island formed in the substrate, -
wherein a force applied to the force-transferrihg element is transferred to the rigid
island and thereby transferred to the elastic element and detected by the at least
two IC compohents, such that each of the af least two IC components produces,
in response to the force aeplied, a respective signal representative of the force
applied; and - '

at least one electronic circuit coupled to the at least two IC components 1o receive the
signals representative of the force applied, and where the at least one electronic
circuit produce an output signal proportional to at least two components of a '

force vector repre_sentative of the force applied to the at least one force-

transferring element.
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circuit produce an output signal proportional to at

| east two conponents of a force vector representative
of the force applied to the at |l east one . ‘
force-transferring el enent. 29. The input contro
~device of claim28, further conprising at |east one
spring el enent coupled to the force-transferring

el enent and providing a fink between an externa
force.and the force-transferring el enment, where the
20 Mha inpst gmérb! desicpobpeint 28 hathet corapristngoal teasbéne spring

eie%%“ go%&ale%?o 81fe féljgg—trgﬁgfél“gg Sﬂeﬁ{éﬁpénld providing a link between an
external force and the force-transferring element, where the output signal is proportiona[

to an amount of deflection of the spring element.
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